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Notice

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

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

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

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

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

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

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

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

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

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

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

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

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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Notes regarding these materials

1. This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any
intellectual property rights or any other rights of Renesas or any third party with respect to the information in
this document.

2. Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising
out of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.

3. You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.

4. Allinformation included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, 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 products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com )

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

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

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

8. Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

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

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

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

10. Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and
injury or damage caused by fire in the event of the failure of a Renesas 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 applicable measures. Among others, since the
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or
system manufactured by you.

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

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

13. Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.
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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes
on the products covered by this manual, refer to the relevant sections of the manual. If the descriptions under
Genera Precautionsin the Handling of MPU/MCU Products and in the body of the manual differ from each
other, the description in the body of the manual takes precedence.

1. Handling of Unused Pins

Handle unused pins in accord with the directions given under Handling of Unused Pins in

the manual.

— The input pins of CMOS products are generally in the high-impedance state. In
operation with an unused pin in the open-circuit state, extra electromagnetic noise is
induced in the vicinity of LSI, an associated shoot-through current flows internally, and
malfunctions may occur due to the false recognition of the pin state as an input signal.
Unused pins should be handled as described under Handling of Unused Pins in the
manual.

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

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

In a finished product where the reset signal is applied to the external reset pin, the
states of pins are not guaranteed from the moment when power is supplied until the
reset process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on
reset function are not guaranteed from the moment when power is supplied until the
power reaches the level at which resetting has been specified.

3. Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do
not access these addresses; the correct operation of LSl is not guaranteed if they are
accessed.

4. Clock Signals

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

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

5. Differences between Products

Before changing from one product to another, i.e. to one with a different type number,
confirm that the change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different type numbers
may differ because of the differences in internal memory capacity and layout pattern.
When changing to products of different type numbers, implement a system-evaluation
test for each of the products.
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Configuration of this Manual

This manual comprises the following items:

General Precautions in the Handling of MPU/MCU Products
Configuration of this Manual

Overview

Table of Contents

Summary

AN o Ao

Description of Functional Modules
* CPU and System-Control Modules
*  On-chip Peripheral Modules

The configuration of the functional description of each module differs according to the
module. However, the generic style includes the following items:

i) Features

ii) I/O pins

iii) Description of Registers
iv) Description of Operation
v) Usage: Points for Caution

When designing an application system that includes this LSI, take the points for caution into
account. Each section includes points for caution in relation to the descriptions given, and points
for caution in usage are given, as required, as the final part of each section.

7. List of Registers

8. Electrical Characteristics

9. Appendix
* Product-type codes and external dimensions
* Main Revisions for this edition

The history of revisions is a summary of sections that have been revised and sections that have
been added to earlier versions. This does not include all of the revised contents. For details,
confirm by referring to the main description of this manual.

10. Appendix/Appendices
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Preface

This LSI is a single-chip microcomputer made up of the H8S/2000 CPU with an internal 32-bit
architecture as its core, and the peripheral functions required to configure a system.

This LSI is equipped with ROM, RAM, a bus controller, data transfer controller (DTC), a DMA
controller (DMAC), two types of timers, a serial communication interface (SCI), a D/A converter,
an A/D converter, and I/O ports as on-chip supporting modules. This LSI is suitable for use as an
embedded processor for high-level control systems. Its on-chip ROM are flash memory (F-
ZTAT™™) and masked ROM that provides flexibility as it can be reprogrammed in no time to
cope with all situations from the early stages of mass production to full-scale mass production.
This is particularly applicable to application devices with specifications that will most probably
change.

Note: * F-ZTAT is a trademark of Renesas Technology, Corp.

Target Users: This manual was written for users who will be using the H8S/2214 Group in the
design of application systems. Members of this audience are expected to understand
the fundamentals of electrical circuits, logical circuits, and microcomputers.

Objective: This manual was written to explain the hardware functions and electrical
characteristics of the H8S/2214 Group to the above audience. Refer to the
H8S/2600 Series, H8S/2000 Series Software Manual for a detailed description of
the instruction set.

Notes on reading this manual:

e In order to understand the overall functions of the chip
Read the manual according to the contents. This manual can be roughly categorized into parts
on the CPU, system control functions, peripheral functions and electrical characteristics.

e In order to understand the details of the CPU’s functions
Read the H8S/2600 Series, H8S/2000 Series Software Manual.

e In order to understand the details of a register when its name is known
The addresses, bits, and initial values of the registers are summarized in appendix B, Internal
I/O Registers.
Example: Bit order: The MSB is on the left and the LSB is on the right.

Related Manuals: The latest versions of all related manuals are available from our web site.
Please ensure you have the latest versions of all documents you require.
http://www.renesas.com/
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H8S/2214 Group Manuals:

Document Title

Document No.

H8S/2214 Group Hardware Manual

This manual

H8S/2600 Series, H8S/2000 Series Software Manual

REJ09B0139

User’s Manuals for Development Tools:

Document Title

Document No.

H8S, H8/300 Series C/C++ Compiler, Assembler, Optimized Linkage REJ10B0058
Editor User’'s Manual

H8S, H8/300 Series Simulator/Debugger (for Windows) User's Manual ~ ADE-702-037
H8S, H8/300 Series High-performance Embedded Workshop 3 Tutorial REJ10B0024
H8S, H8/300 Series High-performance Embedded Workshop 3 User's REJ10B0026

Manual
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Main Revisions for This Edition

Item Page

Revisions (See Manual for Details)

1.3.2 Pin Functions 8 to 11
in Each Operating
Mode

Table 1.2 Pin
Functions in Each
Operating Mode

Note added

Pin No. Pin Name

TFP-100B, BP-112,
TFP-100BV, BP-112V,

TFP-100G, TBP-112A, PROM
TFP-100GV TBP-112AV Mode 4 Mode 5 Mode 6 Mode 7 Mode*

Note: * NC pins must be left open.

2.3 Address Space 25

Figure 2.6 Memory
Map

Description added

... The H85/2000 CPU provides linear access to a maximum 64-
kbyte address space in normal mode, and a maximum 16-Mbyte
(architecturally 4-Gbyte) address space in advanced mode. Note
that the modes and address spaces that can actually be used
differ between individual products. See section 3, MCU Operating
Modes, for details.

Figure amended

H'0000 H'00000000
64 kbyte
HFFFF 16 Mbyte Program area
H'00FFFFFF Data area
Cannot be
used by the
H8S/2214 Group
H'FFFFFFFF
(a) Normal Mode* (b) Advanced Mode

Note: * Not available in the H8S/2214 Group.
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Item Page Revisions (See Manual for Details)

2.6.1 Overview 34 Note added
Table 2.1 Function Instructions Size  Types
Instruction Data transfer MOV BWL 5
Classification POP*, PUSH™ WL

LDM*®, STM*® L

MOVFPE, MOVTPE™ B

Notes : 5. The STM/LDM instructions may only be used with the
ERO to ERG6 registers.

2.6.2 Instructions 35 Note added

and Addressing

Modes

Table 2.2

Combinations of Function Instruction

Instructions and
Addressing Modes f

Data MOV
transfer POP, PUSH

MOVFPE™!,

Notes : 3. The STM/LDM instructions may only be used with the
ERO to ERS6 registers.

2.6.3 Table of 38 Note added
Instructions ) . )
Classified by L it iU
F ti Data transfer LDM* L @SP+ — Rn (register list)
unction Pops two or more general registers from the stack.
Table 2.3 STM™ L Rn (register list) - @-SP
. Pushes two or more general registers onto the stack.
Instructions
Classified by 40 Note amended
Function
Type Instruction Size*"  Function
Arithmetic  TAS® B¢ @ERd-0,1 - (<bit 7> of @ERd)
operations Tests memory contents, and sets the most significant bit
(bit7)to 1.
46 Note added

Notes : 2. The STM/LDM instructions may only be used with the
ERO to ERS6 registers.

3. This instruction should be used with the ERO, ER1,
ER4, or ER5 general register only.
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Item Page

Revisions (See Manual for Details)

2.6.5 Notes on Use 48
of Bit-Manipulation

Description added

... In this case, the relevant flag need not be read beforehand if it

Instructions is clear that it has been set to 1 in an interrupt handling routine,
etc.
See section 2.10.3, Bit Manipulation Instruction Usage Notes, for
details.
2.8.1 Overview 56 Note added
Figure 2.15 Note : * The power-down state also includes a medium-speed
Processing States mode and module stop mode. See section 17, Power-
Down Modes, for details.
Figure 2.16 State 57 Figure amended
Transitions
Interrupt E E
request . 5
STBY = high, RES = low
+( Hardware standby mode™? )
| LowPowerStates |
5.1.2 Block 92 Figure amended
Diagram

Figure 5.1 Block

Diagram of Interrupt INTMT_INTMO
SYSCR| H
Controller I: NMIEG ¢ '
NMI input > NMI input unit —>
IRQinput —— IRQ input unit |——
ISR i
N N !
Rev.4.00 Sep. 18,2008 Page ix of Ix
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Item Page Revisions (See Manual for Details)
5.3.1 External 100 Note added
Interrupts Note: n=7100

Figure 5.3 Timing
of Setting IRQNF

5.5.1 Contention 113
between Interrupt
Generation and

Description amended

When an interrupt enable bit is cleared to 0 to disable interrupt
requests, the disabling becomes effective after execution of the

Disabling instruction.
5.5.5 IRQ 115 Newly added
Interrupts

5.5.6 NMI Interrupt 115 Newly added

Usage Notes

6.1.2 Block 120
Diagram
Figure 6.1 Block

Diagram of Bus
Controller

Legend added

Legend:

ABWCR : Bus width control register
ASTCR: Access state control register
BCRH: Bus control register H

BCRL: Bus control register L

WCRH: Wait state control register H
WCRL: Wait state control register L

7.3.4 DMA Control 195
Register (DMACR)

Bits 10 to 7—
Reserved

Description added

Although these bits are readable/writable, only 0 should be written
here.

Bit 4—Reserved 196

Description added

Although this bit is readable/writable, only 0 should be written
here.

7.35 DMABand 200
Control Register
(DMABCR)

Bits 10 and 8—
Reserved (DTA1A,
DTAOA)

Description added

Reserved bits in full address mode. Read and write possible.
Although these bits are readable/writable, only 0 should be written
here.

7.5.4 Repeat Mode 217

Description amended

Repeat mode can be specified by setting the RPE bit in DMACR
to 1, and clearing the DTIE bit in DMABCRL to 0.
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Item Page

Revisions (See Manual for Details)

759 DMACBus 234
Cycles (Dual
Address Mode)

(2) Full Address
Mode (Cycle Steal
Mode)

Description amended

Either a one-byte or a one-word transfer is performed for each
transfer request, and after the transfer the bus is released.

8.2.5 DTC Transfer 258
Count Register A
(CRA)

Description amended

In repeat mode or block transfer mode, CRA is divided into two
parts: the upper 8 bits (CRAH) and the lower 8 bits (CRAL). In
repeat mode, CRAH holds the transfer count and CRAL functions
as an 8-bit transfer counter (1 to 256). In block transfer mode,
CRAH holds the block size and functions as an 8-bit block size
counter (1 to 256). CRAL is decremented by 1 every time data is
transferred and when the counter value becomes H'00 the
contents of CRAH are transferred. This operation is repeated.

8.3.1 Overview 262

Figure 8.2
Flowchart of DTC
Operation

Note added

Transfer Counter = 0
or DISEL =1

Yes

Y
Clear DTCER

Clear an activation flag

End Interrupt exception ¢
handling

Note: * See the section on the corresponding peripheral module for details
on the content of the processing required for interrupt handling.

8.3.2 Activation 264
Sources

Description added

... The activation source flag, in the case of RXIO, for example, is
the RDREF flag of SCIO.

Since there are multiple factors that can initiate DTC operation,
the flag that initiated the transfer is not cleared after the last byte
(or word) is transferred. The corresponding interrupt handler must
perform the required processing.
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ltem Page Revisions (See Manual for Details)

8.3.8 Chain 273 Description added

Transfer Figure 8.9 shows the memory map for chain transfer. The DTC
reads the start address for the register information from the DTC
vector address corresponding to the DTC activation factor. After
the data transfer completes, the CHNE bit in this register is tested,
and if it is 1, the next register information allocated sequentially is
read and a transfer is performed. This operation continues until a
data transfer for register information whose CHNE bit is O
completes.

8.5 Usage Notes 280 Description added

(1) Module Stop ... However, 1 cannot be written in the MSTPAB bit while the DTC
is operating. See section 17, Power-Down Modes, for details.

9.2.2 Reqgister 286 Description added

Configuration ... P1DDR cannot be read; if it is, an undefined value will be read.

(1) Port 1 Data Setting a P1DDR bit to 1 makes the corresponding port 1 pin an

Direction Register output pin, while clearing the bit to 0, makes that pin an input pin.

(P1DDR) Since this register is a write-only register, do not use bit
manipulation instructions to write to this register. See section
2.10.4, Access Methods for Registers with Write-Only Bits.

9.3.2 Reqgister 297 Description added

Configuration Setting a P3DDR bit to 1 makes the corresponding port 3 pin an

(1) Port 3 Data output pin, while clearing the bit to 0 makes the pin an input pin.

Direction Register Since this register is a write-only register, do not use bit

(P3DDR) manipulation instructions to write to this register. See section
2.10.4, Access Methods for Registers with Write-Only Bits.

9.5.2 Register 309 Description added

Configuration Setting a P7DDR bit to 1 makes the corresponding port 7 pin an

(1) Port 7 Data output pin, while clearing the bit to 0 makes the pin an input pin.

Direction Register Since this register is a write-only register, do not use bit

(P7DDR) manipulation instructions to write to this register. See section
2.10.4, Access Methods for Registers with Write-Only Bits.

9.7.2 Reqgister 316 Description added

Configuration

(1) Port A Data
Direction Register
(PADDR)

Bits 7 to 4 are reserved; these bits cannot be modified and will
return an undefined value if read. Since this register is a write-only
register, do not use bit manipulation instructions to write to this
register. See section 2.10.4, Access Methods for Registers with
Write-Only Bits.
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ltem Page Revisions (See Manual for Details)

9.8.2 Reqgister 323 Description added

Configuration ... PBDDR cannot be read:; if it is, an undefined value will be read.

(1) Port B Data Since this register is a write-only register, do not use bit

Direction Register manipulation instructions to write to this register. See section

(PBDDR) 2.10.4, Access Methods for Registers with Write-Only Bits.

9.9.2 Reqgister 331 Description added

Configuration ... PCDDR cannot be read:; if it is, an undefined value will be read.

(1) Port C Data Setting a PCDDR bit to 1 makes the corresponding port C pin an

Direction Register output pin, while clearing the bit to 0, makes the pin an input pin.

(PCDDR) Since this register is a write-only register, do not use bit
manipulation instructions to write to this register. See section
2.10.4, Access Methods for Registers with Write-Only Bits.

9.10.2 Register 338 Description added

Configuration ... PDDDR cannot be read; if it is, an undefined value will be read.

(1) Port D Data Setting a PDDDR bit to 1 makes the corresponding port C pin an

Direction Register output pin, while clearing the bit to 0, makes the pin an input pin.

(PDDDR) Since this register is a write-only register, do not use bit
manipulation instructions to write to this register. See section
2.10.4, Access Methods for Registers with Write-Only Bits.

9.11.2 Register 343 Description added

Configuration ... PEDDR cannot be read; if it is, an undefined value will be read.

(1) Port E Data Setting a PEDDR bit to 1 makes the corresponding port C pin an

Direction Register output pin, while clearing the bit to 0, makes the pin an input pin.

(PEDDR) Since this register is a write-only register, do not use bit
manipulation instructions to write to this register. See section
2.10.4, Access Methods for Registers with Write-Only Bits.

9.12.2 Register 349 Description added

Configuration ... PFDDR cannot be read; if it is, an undefined value will be read.

(1) Port F Data Setting a PFDDR bit to 1 makes the corresponding port C pin an

Direction Register output pin, while clearing the bit to 0, makes the pin an input pin.

(PFDDR) Since this register is a write-only register, do not use bit
manipulation instructions to write to this register. See section
2.10.4, Access Methods for Registers with Write-Only Bits.

9.13.2 Register 354 Description added

Configuration

(1) Port G Data
Direction Register
(PGDDR)

... Also, bits 7 to 5 are reserved, and will return an undefined value
if read. Setting a PGDDR bit to 1 makes the corresponding port C
pin an output pin, while clearing the bit to 0, makes the pin an
input pin. Since this register is a write-only register, do not use bit
manipulation instructions to write to this register. See section
2.10.4, Access Methods for Registers with Write-Only Bits.
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9.14 Handlingof 358 Newly added

Unused Pins

10.2.1 Timer 368 Note amended

Control Register Note: Internal clock edge selection is valid when the input clock is
(TCR) ¢/4 or slower. This setting is ignored if the input clock is ¢
Bits 4 and 3—Clock /1, or when overflow/underflow of another channel is

Edge 1 and 0 selected. (Counting occurs on the falling edge of ¢ when
(CKEG1, CKEGO) ¢/1 is selected.)

10.2.5 Timer 383 Description amended

Status Register
(TSR)

Bit 3—Input
Capture/Output
Compare Flag D
(TGFD)

Bit 2—Input
Capture/Output
Compare Flag C
(TGFC)

Bit 1—Input
Capture/Output
Compare Flag B
(TGFB)

Bit 0—Input
Capture/Output
Compare Flag A
(TGFA)

Bit 3
TGFD Description
0 [Clearing conditions] (Initial value)

e When DTC is activated by a TGID interrupt, the DTC module MRB register DISEL
bit is 0, and furthermore the transfer counter is not 0.

e When 0 is written to TGFD after reading TGFD = 1

Description amended

Bit 2
TGFC Description
0 [Clearing conditions] (Initial value)

e When DTC is activated by a TGIC interrupt, the DTC module MRB register DISEL
bit is 0, and furthermore the transfer counter is not 0.
e When 0 is written to TGFC after reading TGFC = 1

Description amended

Bit 1
TGFB Description
0 [Clearing conditions] (Initial value)

e When DTC is activated by a TGIB interrupt, the DTC module MRB register DISEL
bit is 0, and furthermore the transfer counter is not 0.

e When 0 is written to TGFB after reading TGFB = 1

Description amended

Bit 0
TGFA Description
0 [Clearing conditions] (Initial value)

e When DTC is activated by a TGIA interrupt, the DTC module MRB register DISEL
bit is 0, and furthermore the transfer counter is not 0.

e When DMAC is activated by TGIA interrupt while DTA bit of DMABCR in DMAC is 1

e When 0 is written to TGFA after reading TGFA =1
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10.7 Usage Notes 427

(1) Module Stop
Mode Settings

Description added

Figure 10.53 436
Contention between
TCNT Write and
Overflow

Figure amended

TCNT write cycle

Address >< TCNT address ><
Write signal
fite signa ‘—‘ TCNT write data
TCNT H'FFFF >< M
Prohibited e
TCFV flag B
11.5.5 OVF Flag 451 Newly added
Clear Operation in
Interval Timer Mode
12.2.7 Serial 468 Note added
Status Register )
Bit 7
(SSR) TDRE Description
Bit 7—Transmit 0 [Clearing conditions]

Data Register
Empty (TDRE)

Bit 6—Receive Data
Register Full
(RDRF)

e When 0 is written to TDRE after reading TDRE = 1
e When the DMAC or DTC* is activated by a TXI interrupt and writes data to TDR

Note: * This bit is cleared by DTC when DISEL =0 and
furthermore the transfer counter is not 0.

Note added

Bit 6

RDRF Description

0 [Clearing conditions] (Initial value)

e When 0 is written to RDRF after reading RDRF = 1

e When the DMAC or DTC* is activated by an RXI interrupt and reads data from
RDR

Note: * This bit is cleared by DTC when DISEL = 0 and
furthermore the transfer counter is not 0.
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12.2.7 Serial 470 Note added
Status Register )
Bit 2
(SSR) TEND Description
Bit 2—Transmit End 0 [Clearing conditions]

(TEND)

e When 0 is written to TDRE after reading TDRE = 1
e When the DMAC or DTC* is activated by a TXI interrupt and writes data to TDR

Note: * This bit is cleared by DTC when DISEL = 0 and
furthermore the transfer counter is not 0.

12.3.2 Operation in 493
Asynchronous Mode

Figure 12.7
Sample SCI
Initialization
Flowchart

Note added
( Start initialization ) [1] Set the clock selection in SCR.
Be sure to clear bits RIE, TIE,

‘ TEIE, and MPIE, and bits TE and
‘ Clear TE and RE bits in SCR to 0 ‘ RE, to 0.

[ When the clock is selected in
Set CKE1 and CKEO bits in SCR asynchronous mode, it is output

(TE, RE bits 0) Y immediately after SCR settings are
‘ made.
Set data transfer format in [2] Se;tg?;&?qta transfer format in SMR
SMR and SCMR 2] an :
I [3] Write a value corresponding to the
Set value in BRR 3] bit rate to BRR. Not necessary if an
external clock is used.
Wait
[4] Wait at least one bit interval, then

set the TE bit or RE bitin SCR to 1.
Also set the RIE, TIE, TEIE, and
MPIE bits.

1-bit interval elapsed?

Setting the TE and RE bits enables
the TxD and RxD pins to be used.

Set TE and RE* bits in
SCRto 1, and set RIE, TIE, TEIE, [4]
and MPIE bits

Note: * The RE bit must be set when
the RxD pin is in the 1 state. If
the RE bit is set t 1 with the
RxD pin in the O state, this
event may be mistakenly
recognized as a start bit.

<Transfer completion>
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12.3.2 Operation in 494
Asynchronous Mode

Figure 12.8
Sample Serial
Transmission
Flowchart

Note added

‘ Initialization ‘
[

( Start transmission )
-————————————

Read TDRE flag in SSR

No

Yes

Write transmit data to TDR
and clear TDRE flag in SSR to 0

All data transmitted?

Yes

‘ Read TEND flag in SSR ‘

Yes

Yes

Clear DR to 0 and
set DDR to 1

-
Clear TE bitin SCR to 0

<End>

I

2]

3]

[4]

[1] SCl initialization:

2

3

[4

The TxD pin is automatically
designated as the transmit data
output pin.

After the TE bit is set to 1, a frame
of 1s is output, and transmission is
enabled.

SCI status check and transmit data
write:

Read SSR and check that the
TDRE flag is set to 1, then write
transmit data to TDR and clear the
TDRE flag to 0.

Serial transmission continuation
procedure:

To continue serial transmission,
read 1 from the TDRE flag to
confirm that writing is possible,
then write data to TDR, and then
clear the TDRE flag to 0. Checking
and clearing of the TDRE flag is
automatic when the DMAC or
DTC* is activated by a transmit
data empty interrupt (TXI) request,
and date is written to TDR.

Break output at the end of serial
transmission:

To output a break in serial
transmission, set DDR for the port
corresponding to the TxD pin to 1,
clear DR to 0, then clear the TE bit
in SCR to 0.

Note: * The TDRE flag check and clear

operations are performed
automatically

by DTC only when the DTC
DISEL bit is 0 and furthermore
the transfer counter is not 0.
Therefore the CPU must clear
the TDRE flag when either
DISEL is 1 or when DISEL is 0
and furthermore the transfer
counter is 0.
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12.3.2 Operation in 497
Asynchronous Mode

Figure 12.10
Sample Serial
Reception Data
Flowchart (1)

Note added

‘ Initialization ‘ (1]
I

( Start reception )

—_—

Read ORER, PER, and
FER flags in SSR

2]

PER v FER v

‘ Read RDRF flag in SSR ‘ 4]

Read receive data in RDR, and
clear RDRF flag in SSR to 0

5]

‘ Clear RE bitin SCRto 0 ‘

<End>

Note: * The RDREF flag is cleared automatically by DTC
only when the DTC DISEL bit is 0 and
furthermore the transfer counter is not 0.
Therefore the CPU must clear the RDRF flag
when either DISEL is 1 or when DISEL is 0 and
furthermore the transfer counter is 0.

[1] SCl initialization:

The RxD pin is automatically
designated as the receive data
input pin.

[2] [3] Receive error processing and

(Continued on next page)

[4

[5

break detection:

If a receive error occurs, read the
ORER, PER, and FER flags in
SSR to identify the error. After
performing the appropriate error
processing, ensure that the
ORER, PER, and FER flags are
all cleared to 0. Reception cannot
be resumed if any of these flags
are setto 1. In the case of a
framing error, a break can be
detected by reading the value of
the input port corresponding to
the RxD pin.

SCl status check and receive
data read :

Read SSR and check that RDRF
=1, then read the receive data in
RDR and clear the RDRF flag to
0. Transition of the RDRF flag
from 0 to 1 can also be identified
by an RXl interrupt.

Serial reception continuation
procedure:

To continue serial reception,
before the stop bit for the current
frame is received, read the
RDREF flag, read RDR, and clear
the RDRF flag to 0. The RDRF
flag is cleared automatically
when DMAC or DTC* is
activated by an RXI interrupt and
the RDR value is read.
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12.3.3 503 Note added

Multiprocessor

Communication ‘ Initialization ‘ (1] [1] SClinitialization:

Function

Figure 12.14
Sample
Multiprocessor
Serial Transmission
Flowchart

< Start transmission )

‘ Read TDRE flag in SSR

Yes

Write transmit data to TDR and
set MPBT bit in SSR

Clear TDRE flag to 0

All data transmitted?

Yes

|t

Read TEND flag in SSR

Yes

Break output?

Yes

Clear DR to 0 and set DDR to 1

}4—

Clear TE bitin SCR to 0

<End>

[2]

[3]

[4]

The TxD pin is automatically
designated as the transmit data
output pin.

After the TE bitis setto 1, a
frame of 1s is output, and
transmission is enabled.

[2] SCI status check and transmit
data write:

Read SSR and check that the
TDRE flag is set to 1, then write
transmit data to TDR. Set the
MPBT bit in SSRto 0 or 1.
Finally, clear the TDRE flag to 0.

[3] Serial transmission continuation
procedure:

To continue serial transmission,
be sure to read 1 from the TDRE
flag to confirm that writing is
possible, then write data to TDR,
and then clear the TDRE flag to
0. Checking and clearing of the
TDRE flag is automatic when the
DMAC or DTC* is activated by a
transmit data empty interrupt
(TXI) request, and data is written
to TDR.

[4

Break output at the end of serial
transmission:

To output a break in serial
transmission, set the port DDR to
1, clear DR to 0, then clear the
TE bitin SCR to 0.

Note: * The TDRE flag is cleared
automatically by DTC only
when the DTC DISEL bit is 0
and furthermore the transfer
counter is not 0. Therefore
the CPU must clear the
TDRE flag when either DISEL
is 1 or when DISEL is 0 and
furthermore the transfer
counter is 0.
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12.3.4 Operation in 512
Clocked
Synchronous Mode

Figure 12.21
Sample Serial
Transmission
Flowchart

Note added

‘ Initialization ‘ 11l

I
< Start transmission

)

‘ Read TDRE flag in SSR ‘ 2]

Write transmit data to TDR and
clear TDRE flag in SSR to 0

All data transmitted?

3]

‘ Clear TE bitin SCR to 0 ‘

<End>

[1] SCl initialization:

[2

3

The TxD pin is automatically
designated as the transmit data output
pin.

SCl status check and transmit data
write:

Read SSR and check that the TDRE
flag is set to 1, then write transmit data
to TDR and clear the TDRE flag to 0.

Serial transmission continuation
procedure:

To continue serial transmission, be
sure to read 1 from the TDRE flag to
confirm that writing is possible, then
write data to TDR, and then clear the
TDRE flag to 0.

Checking and clearing of the TDRE
flag is automatic when the DMAC or
DTC# is activated by a transmit data
empty interrupt (TXI) request, and data
is written to TDR.

Note: * The TDRE flag is cleared

automatically by DTC only when
the DTC DISEL bit is 0 and
furthermore the transfer counter is
not 0. Therefore the CPU must
clear the TDRE flag when either
DISEL is 1 or when DISEL is 0 and
furthermore the transfer counter is
0.
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12.3.4 Operation in 515
Clocked
Synchronous Mode

Figure 12.23
Sample Serial
Reception Flowchart

Note added

‘ Initialization | [1] SClinitialization:
I The RxD pin is automatically

s - designated as the receive data
tart reception ) input pin.

[2] [3] Receive error processing:

If a receive error occurs, read the
ORER flag in SSR, and after
performing the appropriate error
processing, clear the ORER flag
to 0. Transfer cannot be resumed
if the ORER flag is set to 1.

[4

SClI status check and receive
data read:

Read SSR and check that the
RDREF flag is set to 1, then read
the receive data in RDR and

No clear the RDRF flag to 0.
Transition of the RDRF flag from
0 to 1 can also be identified by
Yes an RXI interrupt.

Read receive data in RDR, and [5] Serial reception continuation

clear RDRF flag in SSR to 0 procedure: )

To continue serial reception,
before the MSB (bit 7) of the
current frame is received, finish

(Continued below)

‘ Read RDRF flag in SSR ‘ [4]

[5] reading the RDRF flag, reading
RDR, and clearing the RDRF flag
to 0. The RDRF flag is cleared
automatically when the DMAC or

‘ Clear RE bit in SCR to 0 ‘ DTC* is activated by a receive

data full interrupt (RXI) request
and the RDR value is read.

<End>
Note: * The RDRF flag is cleared
18] ( Error processing ) automatically by DTC only
when the DTC DISEL bit is 0
‘ and furthermore the transfer
‘ Overrun error processing ‘ counter is not 0. Therefore
the CPU must clear the
‘ RDRF flag when either
‘ DISEL is 1 or when DISEL is
‘ 0 and furthermore the
<End> transfer counter is 0.

‘ Clear ORER flag in SSR to 0
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12.3.4 Operation in 517
Clocked
Synchronous Mode

Figure 12.25
Sample Flowchart of
Simultaneous Serial
Transmit and
Receive Operations

Note added

‘ Initialization ‘ u] L
[
( Start transmission/reception )

—_— =

‘ Read TDRE flag in SSR ‘ 2]
2
No
Yes
Write transmit data to TDR and
clear TDRE flag in SSR to 0
[3

—_— |

Read ORER flag in SSR ‘

Read RDRF flag in SSR ‘ 4]

No

Yes 5

Read receive data in RDR, and
clear RDRF flag in SSR to 0

(5]

Clear TE and RE bits in SCR to 0

<End>

Note: When switching from transmit or receive operation to simultaneous

transmit and receive operations, first clear the TE bit and RE bit to

0, then set both these bits to 1 simultaneously.

* The TDRE flag and RDRF flag clear operations are performed
automatically by DTC only when the corresponding DTC transfer
DISEL bit is 0 and furthermore the transfer counter is not 0.
Therefore the CPU must clear the corresponding flag when
either the corresponding DTC transfer DISEL is 1 or when the
corresponding DTC transfer DISEL is 0 and furthermore the
transfer counter is 0.

SCl initialization:

The TxD pin is designated as the
transmit data output pin, and the
RxD pin is designated as the
receive data input pin, enabling
simultaneous transmit and receive
operations.

SCl status check and transmit data
write:

Read SSR and check that the
TDRE flag is set to 1, then write
transmit data to TDR and clear the
TDRE flag to 0.

Transition of the TDRE flag from 0
to 1 can also be identified by a TXI
interrupt.

Receive error processing:

If a receive error occurs, read the
ORER flag in SSR, and after
performing the appropriate error
processing, clear the ORER flag to
0. Transmission/reception cannot be
resumed if the ORER flag is set to
1.

SCl status check and receive data
read:

Read SSR and check that the
RDREF flag is set to 1, then read the
receive data in RDR and clear the
RDREF flag to 0. Transition of the
RDREF flag from 0 to 1 can also be
identified by an RXI interrupt.

Serial transmission/reception
continuation procedure:

To continue serial transmission/
reception, before the MSB (bit 7) of
the current frame is received, finish
reading the RDRF flag, reading
RDR, and clearing the RDRF flag to
0. Also, before the MSB (bit 7) of
the current frame is transmitted,
read 1 from the TDRE flag to
confirm that writing is possible.
Then write data to TDR and clear
the TDRE flag to 0.

Checking and clearing of the TDRE
flag is automatic when the DMAC or
DTC is activated by a transmit data
empty interrupt (TXI) request and
data is written to TDR. Also, the
RDRF flag is cleared automatically
when the DMAC or DTC* is
activated by a receive data full
interrupt (RXI) request and the RDR
value is read.
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12.4 SCl Interrupts 518

Note added

... The TDRE flag is cleared to 0 automatically when data transfer
is performed by the DMAC or DTC*. ...

... The RDREF flag is cleared to 0 automatically when data transfer
is performed by the DMAC or DTC*. ...

Note : * The flag is cleared when DISEL is 0 and furthermore the
transfer counter is not 0.

12.5 Usage Notes 520

(1) Module Stop
Mode Settings

Description added

(8) Restrictionson 523
Use of DMAC or
DTC

Description added

(b) When RDR is read by the DMAC or DTC, be sure to set the
activation source to the relevant SCI reception end interrupt
(RXI).

(c) During data transfers, flags are cleared automatically by DTC
only when the DTC DISEL bit is 0 and furthermore the transfer
counter is not 0. Therefore the CPU must clear the flags when
either DISEL is 1 or when DISEL is 0 and furthermore the
transfer counter is 0. In particular, note that during
transmission, data will not be transmitted correctly unless the
CPU clears the TDRE flag.

17.6.3 Setting 630
Oscillation

Stabilization Time

after Clearing

Software Standby

Mode

Table 17.4
Oscillation
Stabilization Time
Settings

Table amended

STS2 STS1 STSO Standby Time 16 MHz 13 MHz 10 MHz 8 MHz 6 MHz 4MHz 2MHz Unit

0 0 0 8lo2staes 051 063 08 1.0 14 20 41 ms
1 16384 states 1.0 1.3 1.6 2.0 2.7 44
10  32768states 2.0 25 33 41 55 16.4
1 65536states 4.1 50 66 164 328
10 0 131072 states 164 218 328 655
1 262144states 164 202 262 328 437 655 1311
1 0  2048states 043 016 020 026 034 051 10
1 16states 1.0 12 16 20 27 40 80 s

[ ] Recommended time setting

18.7 Usage Note 659

e Characteristics of
the F-ZTAT and
Mask ROM Versions

e General Notes on
Printed Circuit
Board Deign

Title added

Description added
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A.1 Instruction List 665 Note added
Table A.1 Data Addressing Mode/
. Instruction Length (Bytes)
Transfer Instructions -
£
2 &=
s " R Condition Code | No. of States*!
6
HHEHEEE Operation [1]u]n]z][v]c] Advanced
LDM* L 4 | (@SP ERn32,SP+4 SP) —|=|—=—|—|—| 7111
Repeated for each register restored
STM* STM (ERm-ERn),@-SP | L 4 | (SP-4 SP,ERn32 @SP) —|——|—|—|— 7/9/111 1]
Repeated for each register saved

Note : The STM/LDM instructions may only be used with the ERO
to ERG registers.

Table A.2 669 Note added
Arithmetic
. Addressing Mode/
Instructions Instruction Length (Bytes)
&
B =e| |~
o o
§ £Y é ° %5 Condition Code | No. of States™'
X -~ -~
,,,,,, L HEEER G  Operation 1[n[n[z[v]c| Advanced
TAS TAS @ERd*2 B 4 @ERA-0CCR set, (1) ——[1]2]o [+ 4
,,,,,, (<bit 7> of @ERd |

ER4, and ERS5 registers.

A.4 Number of 711 Note added
States Required for

. Branch Byte Word
Instruction Instruction Address Stack Data Data Internal
H Fetch R ti Al A ti
EXGCUtIOﬂ etc ead Operation Access Access Operation
Instruction Mnemonic I J K L M N
Table A.15 oM+ LDM.L @SP+, 2 4 1
Number of Cycles in (ERn-ERn+1)
. LDM.L @SP+, 2 6 1
Instruction (ERn-ERn+2)
Execution LDM.L @SP+, 2 8 1
(ERn-ERN+3)
715 Note amended
Branch Byte Word
Instruction Address Stack Data Data Internal
Fetch Read Operation Access Access Operation
Instruction Mnemonic 1 J K L M N
STM* STM.L (ERn-ERn+1), 2 4 1
@-SP
STM.L (ERn-ERn+2), 2 6 1
@-SP
STM.L (ERn-ERN+3), 2 8 1
@-SP
TAS® T TAS @ERd o T o T
716 Note added

Notes : 4. The STM/LDM instructions may only be used with the
ERO to ERS6 registers.
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A.5 Bus States 724 Note added
during Instruction
Instruction 1 2 3 4 5 6 7 8 9
Execution (DML @SPy, [t RW2nd | R:W:M NEXT | Intemal operation, | RW:M stack (H) 3| AW stack (L] ™S
(ERn-ERn+1)*¢ 1state
LDM.L @SP+,(ERn-ERn+2)™® [R:W 2nd R:W NEXT Intemal operation, [R:W:M stack (H)*3 [R:W stack (L)*®
Table A1 6 LDM.LL @SP+,(ERn-ERn+3)"® [R:W 2nd R:W NEXT \‘Mst:?r[\:\opevanon‘ IR-W:M stack (H)*3 [R:W stack (L)"3
Instruction 56
Execution Cycles 729 Note added
,,,,,, Instructon | 1 ] 2 | 8 ] 4 | 5 s 7 8 i
STV\/H.{ERD»ERMI)@\SP"g R:W 2nd R:W:M NEXT |Internal operation, | W-W:M stack (H) “3 | W:W stack (L)*3
STM.L(ERN-ERN+2),@-SP™® [R:W 2nd R:W:M NEXT \‘msel?r‘v:\apevaﬂan WW:M stack (H)*3 [ W:W stack (L)*3
STM.L(ERn-ERN+3),@-SP™® |R:W 2nd R:W:M NEXT \‘msc‘?r‘\:\ operation, | W-W:M stack (H)™3 | W:-W stack (L)™3
e b sae
730 Note added
Notes : 9. The STM/LDM instructions may only be used with the
ERO to ERG registers.
A.6 Condition 733 Note added
Code Modification ) o
Instruction H N Z V C Definition
Table A.17 LDM# - — — — —
Condition Code
Modification 735 Note added
Instruction H N Z V C Definition
STV T T T e
736 Note added
Instruction H N Z V C Definition
TAss {7t o = N=Dm
Z=Dm - Dm—1 DO
Notes : 2. The STM/LDM instructions may only be used with the
ERO to ERS6 registers.
B.2 Functions 785 Description added

TCR1—Timer
Control Register 1

Clock Edge 1 and 0

0| 0 |Count at rising edge
1 |Count at falling edge
1| —|Count at both edges

Note: The internal clock edge selection is valid when the input
clock is ¢/4 or slower. This setting is ignored if the input
clock is ¢/1, or when overflow/underflow of another
channel is selected. (Counting occurs on the falling edge
of ¢ when ¢/1 is selected.)
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B.2 Functions 791 Description added
I:CRtZT;'m?rt ) Clock Edge 1 and 0
ontrof Register 0 |0 | Count at rising edge
1 | Count at falling edge
1 |—| Count at both edges
Note: The internal clock edge selection is valid when the input clock is
¢/4 or slower. This setting is ignored if the input clock is ¢/1, or
when overflow/underflow of another channel is selected.
(Counting occurs on the falling edge of ¢ when /1 is selected.)
TCSRO—Timer 801 Note added
Control/Status 6
Register i 7 6 _ 5 4 3 2 1 0
‘ OVF ‘ WT/AT ‘ TME ‘ — ‘ — ‘ CKS2 ‘ CKS1 ‘ CKS0 ‘
Initial value 0 0 0 1 1 0 0 0
Read/Write  R/(W)*!  R/W R/W — — R/W R/W R/W

]

Clock Select 2 to 0

CKS2 |CKS1|CKSO | Clock Overflow Period*
(when ¢ = 10 MHz)
0 0 0 /2 (Initial value) 51.2 us
1 /64 1.6 ms
T [ o |28 32ms
1| osi2 132 ms
T | 0 | 0 | oP048 524 ms
T [ 08192 2098 ms
T [0 | /32768 8388 ms
1| onisiorz 336

Note: * The overflow period is the time from when TCNT
starts counting up from H'00 until overflow occurs.

Timer Enable

0 | TCNT is initialized to H'00 and
count operation is halted
TCNT counts

Timer Mode Select

0 | Interval timer mode: Interval timer interrupt (WOVI) request is sent to CPU when
TCNT overflows

Watchdog timer mode: Internal reset can be selected when TCNT overflows*

Note: * For details of the case where TCNT overflows in watchdog timer mode,
see section 11.2.3, Reset Control/Status Register (RSTCSR).

Overflow Flag
[Clearing condition]
 Cleared by reading*® TCSR when OVF = 1, then writing 0 to OVF
[Setting condition]
* When TCNT overflows (changes from H'FF to H'00)
When internal reset request generation is selected in watchdog
timer mode, OVF is cleared automatically by the internal reset.

o

Notes: 1. Only 0 can be written, to clear the flag.
TCSR is write-protected by a password to prevent accidental overwriting. For details
see section 11.2.4, Notes on Register Access.
2. If the interval timer interrupt is disabled and the OVF flag is polled, the application
should read the OVF = 1 state at least twice.
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B.2 Functions

SSRO0—Serial
Status Register 0

807

Note added

Bit : 7 6 5 4 3 2 1 0
[ TDRE [ RDRF [ ORER[ FER [ PER [ TEND [ MPB [ MPBT ]

Initial value : 1 0 0 0 0 1 0 0

RIW CORW)RT R(W)RT RAW)R RAW)ET RAW)sT R R RIW

ot e T

[
Multiprocessor Bit Transfer
‘ 0 ‘ Data with a 0 multiprocessor bit is transmitted ‘
‘ 1 ‘ Data with a 1 multiprocessor bit is transmitted ‘

Multiprocessor Bit

0 | [Clearing condition]

* When data with a 0 multiprocessor bit is received
[Setting condition]

* When data with a 1 multiprocessor bit is received

Transmit End

0 | [Clearing conditions]

*When 0 is written to TDRE after reading TDRE = 1

* When the DTC*2 is activated by a TXI interrupt request and writes data to TDR

[Setting conditions]

* When the TE bit in SCR is 0

*When TDRE = 1 at transmission of the last bit of a 1-byte serial transmit
character

Parity Error

[Clearing condition]

* When 0 is written to PER after reading PER = 1

[Setting condition]

* When, in reception, the number of 1 bits in the receive data plus
the parity bit does not match the parity setting (even or odd)
specified by the O/E bit in SMR

o

Framing Error
0 | [Clearing condition]

* When 0 is written to FER after reading FER = 1

[Setting condition]

* When the SCI checks whether the stop bit at the end of the receive
data is 1 when reception ends, and the stop bit is 0

Overrun Error

[Clearing condition]

* When 0 is written to ORER after reading ORER = 1

[Setting condition]

* When the next serial reception is completed while RDRF = 1

o

Receive Data Register Full

0 |[Clearing conditions]

* When 0 is written to RDRF after reading RDRF = 1

* When the DTC*? is activated by an RXI interrupt request and reads data to RDR

[Setting condition]

* When serial reception ends normally and receive data is transferred from RSR
to RDR

Transmit Data Register Empty

0 | [Clearing conditions]

* When 0 is written to TDRE after reading TDRE = 1

+ When the DTC*? is activated by a TXI interrupt request and writes data to TDR
[Setting conditions]

* When the TE bit in SCR is 0

* When data is transferred from TDR to TSR and data can be written to TDR

Notes: 1. Only 0 can be written, to clear the flag.
2. Flags are only cleared when DISEL is 0 and furthermore the transfer counter is not 0.
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B.2 Functions 813 Note added

SSR1—Serial Bit : 7 6 5 4 3 2 1 0

Status Register 1 | TDRE [ RDRF[ ORER [ FER [ PER [ TEND [ MPB [ MPBT ‘
Initial value : 1 0 0 0 0 1 0 0
RW CORIW)E RIW)E RAW)E RAW)H /(W) RW

——J ]

R R
T
Multiprocessor Bit Transfer

‘ 0 ‘ Data with a 0 multiprocessor bit is transmitted ‘
‘ 1 ‘ Data with a 1 multiprocessor bit is transmitted ‘

Multiprocessor Bit

[Clearing condition]

* When data with a 0 multiprocessor bit is received
[Setting condition]

* When data with a 1 multiprocessor bit is received

o

Transmit End

0 | [Clearing conditions]
* When 0 is written to TDRE after reading TDRE = 1
* When the DTC*2 is activated by a TXI interrupt request and writes data to TDR
[Setting conditions]
* When the TE bitin SCRis 0
* When TDRE = 1 at transmission of the last bit of a 1-byte serial
transmit character

Parity Error

0 | [Clearing condition]

* When 0 is written to PER after reading PER = 1

1 | [Setting condition]

* When, in reception, the number of 1 bits in the receive data plus
the parity bit does not match the parity setting (even or odd)
specified by the O/E bit in SMR

Framing Error
0 | [Clearing condition]

* When 0 is written to FER after reading FER = 1

1 | [Setting condition]

* When the SCI checks whether the stop bit at the end of the
receive data is 1 when reception ends, and the stop bit is 0

Overrun Error

0 | [Clearing condition]

* When 0 is written to ORER after reading ORER = 1

[Setting condition]

* When the next serial reception is completed while RDRF = 1

Receive Data Register Full

o

[Clearing conditions]
* When 0 is written to RDRF after reading RDRF = 1
* When the DTC*? is activated by an RXI interrupt request and reads data from RDR
[Setting condition]
* When serial reception ends normally and receive data is transferred from
RSR to RDR

Transmit Data Register Empty

0 | [Clearing conditions]

* When 0 is written to TDRE after reading TDRE = 1

* When the DTC*? is activated by a TXI interrupt request and writes data to TDR
[Setting conditions]

* When the TE bitin SCRis 0

* When data is transferred from TDR to TSR and data can be written to TDR

Notes: 1. Only 0 can be written, to clear the flag.
2. Flags are only cleared when DISEL is 0 and furthermore the transfer counter is not 0.
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B.2 Functions 819 Note added

SSR2—Serial Bit : 7 6 5 4 3 2 1 0

Status Register 2 ‘ TDRE ‘ RDRF ‘ ORER ‘ FER ‘ PER ‘ TEND ‘ MPB ‘ MPBT
Initial value : 1 0 0 0 0 1 0 0
RIW CORW)E RIW)ET RIW)ET RAW)YE RAW) R/W

i

R R
Multiprocessor Bit Transfer

‘ 0 ‘ Data with a 0 multiprocessor bit is transmitted ‘
‘ 1 ‘ Data with a 1 multiprocessor bit is transmitted ‘

Multiprocessor Bit

[Clearing condition]

* When data with a 0 multiprocessor bit is received
[Setting condition]

* When data with a 1 multiprocessor bit is received

o

Transmit End

o

[Clearing conditions]
* When 0 is written to TDRE after reading TDRE = 1
* When the DTC#? is activated by a TXI interrupt request and writes data to TDR
[Setting conditions]
* When the TE bitin SCRis 0
* When TDRE = 1 at transmission of the last bit of a 1-byte serial
transmit character

Parity Error

0 | [Clearing condition]

* When 0 is written to PER after reading PER = 1

[Setting condition]

* When, in reception, the number of 1 bits in the receive data plus
the parity bit does not match the parity setting (even or odd)
specified by the O/E bit in SMR

Framing Error

0 | [Clearing condition]

* When 0 is written to FER after reading FER = 1

1 | [Setting condition]

* When the SCI checks whether the stop bit at the end of the
receive data when reception ends, and the stop bit is 0

Overrun Error

[Clearing condition]

* When 0 is written to ORER after reading ORER = 1

[Setting condition]

* When the next serial reception is completed while RDRF = 1

o

Receive Data Register Full
0 | [Clearing conditions]
* When 0 is written to RDRF after reading RDRF = 1
* When the DTC*2 is activated by an RXI interrupt request and reads data from RDR
1 | [Setting condition]
* When serial reception ends normally and receive data is transferred from
RSR to RDR

Transmit Data Register Empty

o

[Clearing conditions]

* When 0 is written to TDRE after reading TDRE = 1

* When the DTC*? is activated by a TXI interrupt request and writes data to TDR
[Setting conditions]

* When the TE bit in SCR is 0

* When data is transferred from TDR to TSR and data can be written to TDR

Notes: 1. Only 0 can be written, to clear the flag.
2. Flags are only cleared when DISEL is 0 and furthermore the transfer counter is not 0.
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C.3 Port4Block 835
Diagram

Figure C.9 Port 4
Block Diagram (Pins
P40 to P44, P46,
and P47)

Figure C.10 Port4
Block Diagram (Pin
P45)

Legend amended
RPOR4: Read port 4

Legend amended
RPOR4: Read port 4

Appendix G 869
Package
Dimensions

Figure G.1 TFP-
100B, TFP-100BV
Package
Dimensions

Figure replaced

Figure G.2 TFP- 870
100G, TFP-100GA
Package

Dimensions

Figure replaced

Figure G.3 TBP- 871
112A, TBP-112AV
Package

Dimensions

Figure replaced

Figure G.4 BP-112,872
BP-112V Package
Dimensions

Figure replaced

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

Rev.4.00 Sep. 18, 2008 Page xxx of Ix

REJ09B0189-0400

RENESAS



Contents

SECHON 1 OVEIVIEW ..uiiiiiiiiieiiieeite ettt ettt et e et e bt e et e sabeesareeenes 1
Lol OVRIVIEW .ttt ettt ettt b e b e bt et et s et sbe e bt e bt e bt eateebte s bt e beebeenbesaees 1
1.2 Internal BIOCK DIagrams .........cooceiiiiiiiniiniiiiieieeieeieete sttt ettt s 5
1.3 Pl DESCIIPHON. ..cutteutiiitiiiie ittt ettt ettt ettt st s b e bt ettt sat e s bt et e et enteeeeesbeesbeenbeenees 6
L1.3.1  Pin ATTANZEMENLS. .. .eeiiiiiiriieeiieenieesite et ettt e st e sttt e sibeesiteesabeesateesabeesateesabeesateesaseennee 6
1.3.2  Pin Functions in Each Operating Mode ............ccociiiiiiiiiiiiiieiiiiiieeieeeee e 8
1.3.3 PN FUNCHONS ..ottt s s 12
SECION 2 CPU ..ottt ettt e e e e eae e e sbeeenseeensee s 17
2.1 OVRIVIBW .ttt ettt e b et et e a e e b e s bt e bt e bt e bt et sat e bt e sbe e bt et et et s 17
21T FALUTES .ttt ettt ettt st e st s bt e st e e sabe e sabeesabeesabeesabeesaneens 17
2.1.2 Differences between H8S/2600 CPU and H8S/2000 CPU .......cccccceviiivieiniiienneenne 18
2.1.3  Differences from H8/300 CPU......c..ccccoeeiiriiriiiniiniiieieeeeeeeeeeeee e 19
2.1.4  Differences from H8/300H CPU..........ccccoiiiiiiiiiniiiiieiiceeeeteeeeee e 19
2.2 CPU Operating MOGES ......c..cerueeriieriiiiieie ittt ettt sttt ettt et eatesbeesbeesbeeaeas 20
2.3 AdAIESS SPACE ...coutiiiieiiieiteeit ettt et ettt st nbe et ettt 25
2.4 Register CONfIGUIATION ......cceiiiiiiiiiiiiieitecett ettt ettt e sae e eas 26
241 OVEIVIBW ...ttt ettt et st st st sae et e e enne e 26
242 General REGISIEIS ..c...eiiiiiiiieiiieeieeetteee ettt ettt sttt et e st et esateesanee s 27
2.4.3  CoNrOl REGISIELS ..ccuveiuiiiiiiiiiiriieiieie ettt sttt ettt et b e 28
2.4.4  Initial ReGIStEr VAUES.....cc.ooiiiiiiiiiiiiiieitesee ettt s 30
2.5 Data FOIMALS ..c..eetiitieiieieite ettt ettt b e be e bttt st e satesbe et et eate et 31
2.5.1 General Register Data FOrmats ........cccoeceiriiiniiiiiiieniiiieeteeeeete et 31
2.5.2  Memory Data FOTMALS ........coocuiiriiiiiiiniiiiieeeteerteeeee ettt 33
2.6 INSTIUCHION S ..eoiiiiiiiiiieiieiteteete ettt ettt ettt e et e sane st esaeeaeeaneeaneeane e 34
2.0. 1 OVEIVIEW ...ttt ettt ettt b ettt st st she et e bt et ebeesbee b e enbeenaesaees 34
2.6.2 Instructions and Addressing MoOdes .........cocuevierieererninieiienieneeeeeee e 35
2.6.3 Table of Instructions Classified by FUnction ..........c.ccoeceeciiviiniininninienieniencene, 37
2.6.4  Basic Instruction FOrmats .........c..ccocceoiieiiiiiiiniinieniiceccceeceeeeceee e 47
2.6.5 Notes on Use of Bit-Manipulation InStructions ..........cceceevveeerieeniieeniienieenieenneen. 48
2.7 Addressing Modes and Effective Address Calculation...........c.covvveervieerniieniieennieenneeenieeennee. 48
2.7.1  Addressing MOE ......cc.eeiuieiiieniiiiiiie ittt sttt ettt et 48
2.7.2  Effective Address CalCulation...........cceevueerierienienienieneeie ettt 52
2.8 PrOCESSING STALES...cetieutieiiiiieiie ettt ettt ettt ettt et s bt e bt e bt e bt e bt satesatesbeenbeenteeaneeaeens 56
2.8.1  OVEIVIBW ..ottt ettt e ettt e s eane e 56
2.8.2 RESEE STALC.....eeiuiiriiiiieiieie ettt ettt e sttt et e e 57
2.8.3  Exception-Handling State ..........cccceevieriiiiiiieniieiiieeieeeieeeiee sttt 58

Rev.4.00 Sep. 18, 2008 Page xxxi of Ix
REJ09B0189-0400
RENESAS



2.8.4  Program EXeCUtion State..........coceiierieriieiiiniiiieniiesiceie ettt sttt sbee e 61

2.8.5 BUS-Released State .......ccccereeririiiiinieiieieeteeitest ettt 61
2.8.0  POWEI-DOWN STALE ....cueetiiiiiiiiiiiiiiieieett ettt sttt st 61
2.9 BaSiC TIIMING .c.uutiiiieiiieeiieeite ettt ettt ettt et ettt e bt e e bt e e bte e it e e sbteesbteesbteenbteebeeenaeeens 62
2.9.1  OVEIVIBW...eiuiiiiiiiiiieiieiiettett ettt ettt ettt st st ettt e s e s e e ennesanes 62
2.9.2  On-Chip Memory (ROM, RAM) .....coooiiiiiiiiiiiiiiiiiieeite ettt 62
2.9.3  On-Chip Supporting Module Access TIming ........cccceevuerveeriereeneenieniienieneenieenen. 64
2.9.4  External Address Space Access TIMING .....cccuevverierienerrieniienieneee et 65
2,10 USAZE NNOLES ...ttt ettt b et e bt ettt shtesbe e bt et e eat e s bt e sb e e bt enbeeabessaesbeenbeenbeenae 65
2.10.1 TAS INSIUCHON. c..coruiiiiiiieiieieeieeteee ettt sttt ettt e esne e 65
2.10.2 STM/LDM INStruction USAZE .....ceevveeeriieriieeniieniieeiiesieeerieesieesieesbeesseesreesnseesane 66
2.10.3 Bit Manipulation INStrUCHONS ......ccc.eeiiierriiiinieiiie ettt ettt 66
2.10.4 Access Methods for Registers with Write-Only Bits ........cccccooeeviiiiniiinienieneennen. 68
Section 3 MCU Operating MOdes .........ccccueeueiriiniiiiiienieeieesie et 71
Bi1 OVEIVIBW .ottt ettt ettt et ettt e b et e e s an e st e s st et e et ean e sanesan e beeneennee 71
3.1.1  Operating Mode SEIECHION ......ccocueeriiiriiiriiieiieeiitesee ettt et et saee e 71
3.1.2  Register ConfigUIation.......ccceeiiuierrieeiiiieniieiieeeieesreeetee st e st e sree st e sbeesbeesreesane 72
3.2 RegIStEr DESCIIPLIONS .....eeiiiiieiieiieie ettt ettt et et sb ettt et st sbeenbeeaes 72
3.2.1 Mode Control Register (MDCR) ........cocuiiiiniiiiiiiiiiiniesteeeeee e 72
3.2.2  System Control Register (SYSCR) ..cc.covuiiiiiiiniiiiiiiieneeeee et 73
3.3 Operating Mode DESCIIPLONS ....ccuveiruiieriiiriieeiieeite ettt eite st eiee st e e ieesbeeesbeesbeeesaeesane 75
3301 MO Attt et ettt et aean 75
3.3.2 0 MO 5.ttt ettt 75
3.3.3 0 MO 6.ttt et et st he et 76
3304 VIO 7 -t b ettt et st ebe e b b as 76
3.4  Pin Functions in Each Operating MoOde .........cc.cooiiiiriiiiiiienienteeeeeeee e 77
3.5 Memory Map in Each Operating MOdE ..........cceeevuiiirieiiiiiniiiiieenieeiee et 77
Section 4 Exception Handling ...........ccoocueiiiiiiiiiiiniiiiniiceeecccee e 79
41 OVEIVIEW ...ttt ettt ettt ettt ettt s bt e bt et e et ea e eb e e sb e e bt e bt eabeeabesatesatesbe e beenteenteeaneas 79
4.1.1 Exception Handling Types and Priority.......c.cccoceroeenienieiniinienienienieeeeieseeseee 79
4.1.2  Exception Handling Operation.............ceceevueruerienienieneiieeieeeesieenieee e 80
4.1.3 Exception Sources and Vector Table ...........cccceeriiiriiiiniieniieeniienieeeeeieeseeeeene 80
4.2 RESEE ittt ettt et sae e st sae e a e ean e eaneeane s 82
421 OVEIVIBW ..ottt sttt ettt ettt et et s st st sae et e sane s e b esneennesanes 82
422 RESEE TYPES ..ttt ettt sttt ettt ettt 82
4.2.3  RESEE SEQUEIICE .....eeniieniiiniieiiieiteeitet ettt ettt ettt sb ettt saaesbeenbeenaes 83
4.2.4  Interrupts after RESEL......cceoviiiiiiiiiieiieeeeee et 85
4.2.5 State of On-Chip Supporting Modules after Reset Release ...........ccccveeveeenieennenn. 85
4.3 TIACES ittt ettt ettt et ettt ettt et et st st sae bt ean e 86

Rev.4.00 Sep. 18, 2008 Page xxxii of Ix
REJ09B0189-0400

RENESAS



44 IIEEITUPES c.neeentienieeite ettt ettt ettt et et et e e e st e s bt et e et e ea b e eb e e e bt e bt en bt em bt satesatesbeenbeenteenteeateas 87
4.5 Trap INSIIUCHION. ... coitiiiiiiieie ettt ettt et et et st st esbe e be et eaae it 88
4.6 Stack Status after Exception Handling...........c.ccoceecieieiiniiiinininiciciciceneeeeeeeeeeeene 89
477 Notes on Use Of the StaCK .......cc.cocuerieiiiiiiiiiiiiiiieieeeece ettt 90
Section 5 Interrupt COntroller ........covuiiiriiiiiiieiiie et 91
5.1 OVRIVIEW .ttt ettt ettt et e a e e b e s b e bt e bt e bt et sat e bt e sbe et et et et 91
S5.101 0 FRAIUIES ettt ettt ettt et et be e bbbt st b nae 91
5.1.2 BIOCK DIQ@Iam ...c..coiuiiiiiiiiiiiiiiniiiiceeeeeeste sttt st 92
5.1.3  Pin Configuration......cocueeeiierieeniiieniiienieeriee et stee ettt et e st e sbeesabeesbeesabeesasee s 93
5.1.4  Register ConfigUIation........coovierieeriiiinieiiieerteerite ettt ettt et e sateesabeesanee s 93
5.2 ReZIStEr DESCIIPLONS «...eeeuiiiiiieiiieitie ettt ettt ettt st e et e s bt e st e s bt e st e sbaeebeesbaeennees 94
5.2.1  System Control Register (SYSCR) ...cc.coviiiiiiiiiiiniiiicceeteeeeeeeee e 94

5.2.2 Interrupt Priority Registers Ato D, F, G, J, K, M
(IPRA to IPRD, IPRF, IPRG, IPRJ, IPRK, IPRM).......ccecceriririiieienieceeeeenie 95
5.2.3 IRQ Enable Register (IER) ......cccceeriiiriiiiiiiieiieeteeteeteeree e 96
5.2.4 IRQ Sense Control Registers H and L (ISCRH, ISCRL)......cccccceevueiviiinvieniianneen. 97
5.2.5 IRQ Status Register (ISR)....cccueeviiiiiiiiiiiiieeiee ettt 98
5.3 INECITUPE SOUICTES ...eutiiiiiietieiieteete ettt sttt ettt ettt e sb e e bt e bt enbeeabesstesaeesbtenbeebeenteeaeeeaeens 99
5.3.1  EXternal INTEITUPLS ....eoveiiiiiiiieiieieeieeiiesite ettt sttt 99
5.3.2  Internal INTEITUPLS. .....eeiiiiiiiriieiiee ettt sttt et ettt 101
5.3.3 Interrupt Exception Handling Vector Table...........ccccceeviiiniiiniiiniiinieniceeeeen, 101
5.4 INLETTUPL OPETALION . ..ccuuiiiriiieriiierieeriiteetee st e et e st e st e st e sbe e sttt e sabeesabeesabeesabeesaseesateesabeennne 104
5.4.1 Interrupt Control Modes and Interrupt Operation ............cecceeeveeeneeenverneeeneennee. 104
5.4.2  Interrupt Control Mode O.........ccooiiiiiiiiiiiiiieieteeeeee ettt 107
5.4.3 Interrupt Control MO 2 ......ccccoviiiiiiiiiiiiieeiieniteteete ettt 109
5.4.4 Interrupt Exception Handling SEqUENCE ..........cccerueriinienierniiiiiienieniceeeieeaene 111
5.4.5 Interrupt Response TImes ........coceeeiiiiiiiieiiiiiiiieiiieeee ettt e 112
5.5 USAZE INOLES ..eeenitieiieeiiteeite ettt ettt ettt ettt et ettt et e e bt e bt e s bt e s sbbe e bt e esbbeenbeeenbaeebeesbaesnnee 113
5.5.1 Contention between Interrupt Generation and Disabling...........ccccccceveerieenneennne. 113
5.5.2 Instructions that Disable INterrupts ..........cccceevuerienieniinienieeecee e 114
5.5.3 Times when Interrupts Are Disabled ...........cocceeoiiiiniiniiniiiniiceceeeeee 114
5.5.4 Interrupts during Execution of EEPMOV Instruction.........c.cceeceeveervenieneenieennen. 115
5.5.5  TRQ INTEITUPLS teuviiiiieeiiieiteeitte ettt ettt ettt ettt ettt e bt e s sbte et e e bt e sbeeenaaeenaees 115
5.5.6  NMI Interrupt Usage NOLES......ceevuierriitiriieiiieeiieeite ettt sttt s 115
5.6 DTC and DMAC Activation by INtEITUPL ......c.eevviiiiiiiiiiiiiiieiiieete ettt 116
5.6. 1 OVEIVIBW...euiiiiiiieiteeite sttt ettt et ettt ettt st sbeenbe et e bt e st ebtesbeenbeenbean 116
5.6.2  BlOCK DI@Iam...c.coiuiiiiiiiiiiiiiiiieiitestetee ettt et 116
5.6.3  OPCIALION ...eutiiiiiieitieittert ettt ettt ettt ettt sbte s bt e beeae et st e sbeesbeenbe et e eanens 117

Rev.4.00 Sep. 18, 2008 Page xxxiii of Ix
REJ09B0189-0400
RENESAS



SECtiON 6 BUS CONIIOIIET. ... oeeeeeeeeeeee e e e e e e eeeeeeeas 119

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

(0275 4% (3 USSR 119
6.1, 1 FRALUTES ....eeitieeiee ettt ettt ettt et e bt s sbt e e bt e bt e e bt e s sbeeeaees 119
6.1.2  BlOCK DIa@Iam....ccc.ceiviiiriiiiieeniiieeiteeite ettt ettt et 120
6.1.3  Pin Configuration..........coecuieriiieriieiiiieniee ettt ettt et sbe et et esaeeenaees 121
6.1.4  Register Configuration.........cccueeeeriereiniirnienienitentenieeie ettt see e 122
RegIStEr DESCIIPLIONS ..c..evtiiieiietieieeie ettt sttt ettt st st be e b e e 123
6.2.1 Bus Width Control Register (ABWCR)......c.cccociviiniiiiiiiienienienteeeeeeeee 123
6.2.2  Access State Control Register (ASTCR) .....ooovveviiiiiiiiiiiiteieeeceeeeee e 124
6.2.3  Wait Control Registers H and L (WCRH, WCRL).........ccocceiiviiniiiinieniceeeee, 125
6.2.4  Bus Control Register H (BCRH) ......ccccoiiiiiiiiiiiiiiieccec e 129
6.2.5 Bus Control Register L (BCRL) .....ccccocuiiiiiiinieieiciieeeeeteiteieeieee e 131
6.2.6  Pin Function Control Register (PFCR) ........ccccociiiiniiniiniiiicc e 132
OVerview Of BUS CONLIOL.......ccuviieiiieiieeiiierieeeie ettt sreesveesveesbeeenbeesnseeenseesnsaeenneas 134
6.3.1  ATEA DIVISIONS ...eieiiiiiiiiiiiieeieeet ettt ettt ettt et e sat e sab e et esareesans 134
6.3.2  BUS SPECITICAIONS. ...eeiuiiiiiiieiit ettt ettt ettt e st e e e saees 135
6.3.3  MemOTY INtEITACES ...ccouveiiiieiiiiiiieeieeeee ettt ettt e 136
6.3.4 Interface Specifications for Each Area ..........ccccooiiiiniiniiniiniiiiiceceee 137
6.3.5  Chip Select SIZNALS ....ccueiiiiiiiiirieieet ettt sttt 138
Basic BUS INEITACE ......eeiuiiieeiieiiieeieeciitecte ettt ettt e e taeeae e esbaeenseesnsaeenneas 139
6.4 1 OVEIVIBW..eiiiiiiiiieeiiteetee ettt ettt ettt sttt e sttt bt e e bt e e sbbe e bt e e bt e esbeeesaseenaees 139
6.4.2 Data Size and Data AILGNMENT.......ccceeriiiiriiiiniienieeniterteesiee sttt 139
6.4.3  Valid SIODES......eiiiiiieiieiiieete ettt ettt ettt e 141
6.4.4  BasiC TIMINGZ ... .cooiiiiiiieiieiteteee ettt ettt ettt st s sbee e e eas 142
(O S Y 2 1 Ll 10711 ¢ o) KSR 150
Burst ROM INEEITACE. ........eeeiiiiiieeieeiiieeie ettt ettt eee e eaeeteesbbeenseesnsaeeneeas 152
0.5. 1 OVEIVIBW..eeiiiiiiiieitieeiee ettt ettt ettt sttt e sttt e bt e e bt e e sabeenbt e e bt e esbeeesabeenaees 152
6.5.2  BasSic TIMINZ..cccouieriiiiiieiiieeiee ettt ettt ettt e sabe bt e e it e e et e sareenaees 152
6.5.3 WAt CONLIOL ..oniiiiiiiiiieiiieeeeeee ettt ettt ettt e st esabe e st e sabeesanees 154
TALE CYCIE ...ttt st sttt ettt st et a et 155
0.0.1  OPCIATION ..cniiiiiiieiiettete ettt ettt ettt e st e bt et ea e sbtesbeesbee bt ebeeaaesaeenae 155
6.6.2  Pin States in [dle CyCle .....cooeriiiiiiiiiiiiiiieceeeeee et 158
BUS REICASE ..ottt ettt et ettt s 159
B.7. 1 OVEIVIBW..eeiiiiiiieeiiieeeieeete ettt sttt sttt e s bt e e bt e e bt e e sbbe e bt e e sabeesbeeesaseennees 159
6.7.2  OPCTALION ..eouutiiiiieriiieeiieeetteeiee et ee et e et e et e st e s bt e st e sabeesabeesbaeeabeesabeesabeesabeesnsees 159
6.7.3  Pin States in External Bus Released State.........cccceevvverieeniieniieeniierreeeie e 160
6.7.4  Transition TIMING .....ccceevieiiiiiiiriiiiie ettt st e e eas 161
0.7.5  USAZE NOLE....eoueiieiiiiitieteeteete ettt ettt ettt ettt s bt e s bt e b e et eaesaeesaeenae 162
BUS ATDILIATION. ..coutiiriiieiiieeie ettt ettt ettt e e et e e st e e st esabeesabeesabeesanees 162
0.8. 1 OVEIVIBW..eeiiiiiiiieiiiieeiiee ettt ettt ettt sttt et e sttt e bt e e bt e e sabe e bt e e bt e esbeeesaseenaees 162

Rev.4.00 Sep. 18, 2008 Page xxxiv of Ix
REJ09B0189-0400

RENESAS



0.8.2  OPCIALION ..ttt ettt ettt ettt ettt e e sbte s bt e bt e bt et e satesbeesbeenbeenbeennens 162

6.8.3  Bus Transfer TIMING ......cocceviiiiiiinienieneeieeeee ettt 163

6.8.4  External Bus Release Usage NOE.........coeevuieieriiiienienieiteie e 163

6.9  Resets and the Bus CONrOLIET ......ccc.uiiriiiiiiiiiieiiieeieeeieeete sttt et 164
6.10 External Module Expansion FUNCHION..........ccceoiiiiriiiiniiiniieniieeieececete et 164
6.10.1  OVEIVIBW ...eeiiiiiiiieeieeeitteete ettt ettt ettt et e st esat e e sabeesat e e sabeesateesaseenaees 164

6.10.2  Pin CONfIGUIATION. ..c..eeitiiitiiriieiieie ettt sttt ettt et sbeebeas 165

6.10.3 Register Configuration..........coceivuereerieniieiieeieeieetesitesieerte ettt eee e 165
6.10.4 Interrupt Request Input Pin Select Register 0 (IPINSELOQ).........ccccooceeveenieneennen. 166

6.10.5 External Module Connection Output Pin Select Register (OPINSEL) ................. 168
6.10.6 Module Stop Control Register B (MSTPCRB)......ccccccooiiiviiiniiiiiiiiecieeeeeee, 170
6.10.7 BaSiC TIMINZ ...eeiiiiriieiiieniee ittt ettt sttt e st et e sabe e st e e sabeesateesabeenaees 171

6.10.8 Notes on Use of External Module Extended Functions ...........ccceeeveeveveenieenneennne. 172
Section 7 DMA CONtroller.......coccuiiieiiiieeiiieeiieeeiee ettt 173
Tl OVETVIBW ..eiiuiiiiiiieiieeiiit ettt ettt et e sa e st e s bt e it e e s bt e e sab e e bt e e sabeesateesabeessbeesabeenaseesabeenane 173
Tl FRALUTES ..ottt ettt ettt ettt ettt et e bttt e s bt e s bt e sabeesabeesabeesbeesane 173

7.1.2  BIOCK DIa@Iami......ccocuiiiiiiiiiiiiieiiie ettt ettt st ettt st s 174

7.1.3  OVerview Of FUNCHUONS. ....cc.coiiiiiiieiiiecie ettt eee et seae e e eareeseeensaeeneeas 175

7.1.4  Pin CONfiGUIATION. ..c..eiitiiitiiiieiieie ettt sttt ettt et sbee b ebeas 177

7.1.5  Register Configuration..........ccceeoeerierienieiieeienie sttt ettt 178

7.2 Register Descriptions (1) (Short Address Mode) .......ccccueevveeriienieeniiieniienieeeee e 179
7.2.1 Memory Address Register (IMAR) ......coocuiiiiiiriiiiiiiieeeeeee e 180

7.2.2  1/O Address Register (IOAR) ....cccueiiiiiiiiiiiieeieeeiteeee ettt 180

7.2.3  Execute Transfer Count Register (ETCR) .......coceevieniiniiniiiniiiiiieienceeeiceee 181

7.2.4 DMA Control Register (DMACR).......ccoceeiiiiiiriiiienienieeeeee e 182

7.2.5 DMA Band Control Register (DMABCR).......cccccooteniiniiiiiiiiciieeeceeeieee 186

7.3 Register Descriptions (2) (Full Address Mode) .........coeueerieeniienieeniienieenieeeieesiee e 191
7.3.1 Memory Address Register (IMAR) ......coouiiiiiiriiiiiiinieeeeeceee e 191

7.3.2  1/O Address Register (IOAR) ....ccceiiiiiiiiiiiiieeieeeteeec ettt 191

7.3.3  Execute Transfer Count Register (ETCR) .......cccevieniiniiniiniiiiiienienceeeieeee 192

7.3.4 DMA Control Register (DMACR).......ccoceeiiiiiiriiiienieieeeeee et 194

7.3.5 DMA Band Control Register (DMABCR).......cccccooteniiniiniiiiiiciieneenceeeeee 198

7.4 RegiSter DESCIIPUONS (3)..uueiruiiiriiiriiieniieiite ettt ettt e st e st e st e e bt e sbeesbeesbeeenbeesane 204
7.4.1 DMA Write Enable Register (DMAWER) .........coooiiiiiiniiiiiiieiieecieeeee 204

7.4.2 DMA Terminal Control Register (DMATCR)........ccociirviiriiiiniiniienieenieeeieee 207

7.4.3 Module Stop Control Register A (MSTPCRA) ...cc.ccoiiiiiniiiiiiiienienceeeieene 208

7.5 OPCTALION. ..cueeutieiiieiieeiteett ettt ettt sttt ettt ea e bt e s bt e bt et e s st s bt e sbeenbe et e eateeateebeesbe e beenees 209
7.5.1  TranSfer MOGES ....cccveeuiieiieeiiieeitieeieeeiteeieeetee et e eteeebeeeteessbaeeseesnsaeenseesnseaensens 209

7.5.2  Sequential MOAE ......c.cooiiiiiiiiiieeiie ettt sttt sttt s 211

T.5.3  TAI@ MOME.....c.eiiiiieiieiieieieseeee ettt sttt 214
Rev.4.00 Sep. 18,2008 Page xxxv of Ix

REJ09B0189-0400

RENESAS



7.5.4  RePEAt MOME ....coeiiiiiiiiiieiieeee ettt st sttt e 217

7.5.5  NOIMAl MOE.......ccoiiiiiiiiiieiiieciteeeeeie ettt ettt e sveesbeesbaeebeesseeenseessaeenseas 221
7.5.6  Block Transfer MOe .........coccveiriiiiiieniiecieeeiee ettt see et esaee e s ene e 224
7.577 DMAC ACLIVALION SOUICES ....uvteruieeriieeieeriienieesteesteesteesiteesiseesireesssessseessseesnsees 230
7.5.8 Basic DMAC BUS CYCIES....ccouiiriiiiiiiniieiieeeiee sttt st 232
7.5.9 DMAC Bus Cycles (Dual Address Mode).........ccueeveeerieeniiiniennieenieeiee e 233
7.5.10 DMAC Multi-Channel OPeration ............ccceerueerueeierienieneenenienieseeneeeneeeneeseeene 240
7.5.11 Relation between the DMAC, External Bus Requests, and the DTC ................... 242
7.5.12 NMI Interrupts and DIMAC ......cc.ooiiiiiiieieieeee ettt 243
7.5.13 Forced Termination of DMAC Operation..........c.c.ceecveerveeneeenieeneeenieeneeeneeennnes 244
7.5.14 Clearing Full Address MOdE.........cooiiiriiiiiiiniiiieeeeeieeeee et 245
Ti0  INEETTUPLS .ottt ettt sttt e st e et e st e e st e s bt esabeesabeesabeesabeesabeesabeesnsees 246
TT USAZE INOLES .ttt ettt ettt ettt sttt et et et e bt e bt et ea b e sbtesbeenbeenbeeaeesaeenaeens 247
Section 8 Data Transfer Controller (DTC) ......uuvvveviiiviieiieiieieeeeeeieeeeeee s 251
Bl OVETVIEW ...ttt ettt e b et e b e e s it e bt e e bt e e bt e e bt e e bt e e naee e baeenaeeens 251
Billl  FRAIUTES ...eeeuiiieiieeiie ettt ettt ettt e s bt et e e st e e s it e sabeesabeesabeesaneens 251
8.1.2  BIOCK DHAGIaM ...ccuuiiiiiiiiiiiiieeiie ettt ettt ettt st 252
8.1.3  Register CONfIGUIAtION. .......cctirtieriiiiieieeiienitesitet ettt et 253
8.2 RegISter DESCIIPLIONS ...c..eeruiiiiiiieiieit ettt sttt ettt st e e e 254
8.2.1 DTC Mode Register A (IMRA) ...cc.eoiiiiiiiienieriteeeee ettt 254
8.2.2 DTC Mode Register B (IMRB)........cooiiiiiiiiiiiiiiectceeeeeeee e 256
8.2.3 DTC Source Address Register (SAR).....ccueevieiiieiiiiinieiieeieeieeeeeeve e 257
8.2.4 DTC Destination Address Register (DAR)......coceevvieiriiiniiiiiieniiiiieeecreeeee 257
8.2.5 DTC Transfer Count Register A (CRA) ....ccooiiiiiiiiieneeeeeeeeeee e 258
8.2.6 DTC Transfer Count Register B (CRB).....cc.ccooeiiiiniiiiiiiiiiieiecececee e 258
8.2.7 DTC Enable Register (DTCER) .....cc.coceriiiiiiiiiiienieceeceeeteeee e 259
8.2.8  DTC Vector Register (DTVECR)....cccceiiiiiiiiiiiiiieieeeceeeeeesee e 260
8.2.9 Module Stop Control Register A (MSTPCRA) ...ccccovviiiiiiiiiiiiieeieeeeeieeeee 261
8.3 OPETALION «..eeieieiiieeiite ettt ettt ettt e sttt esa bt e st e e s it e e sabeesabeesabeesbbe e s st e e sbbeesabeenateesaneens 262
TN 0 B 0 ) 4 1<) USRS RRSR 262
8.3.2  ACHVALION SOUICES ...cuvieeuiieiiieeiieeieeeiteeeteeeiteesteeeseessseesseesseessseessseesssesssessssenss 264
8.3.3  DTC VeCtor TaDIE ....cuveeeuiieiiiieeiiieciieeiee ettt et sveesveesve e sveessaeessbeeseseesssaensseens 265
8.3.4  Location of Register Information in Address Space .........cccevcveevieerieencieerieenneen. 268
8.3.5  NOIMAl MOGE.....ccuiiiiiiiiiiiiieeite ettt et ettt ettt et e st e e s iteesaee e 269
8.3.6  RePeAt MOAE .....coouiiiiniiieiiieiteete ettt ettt ettt ettt et e e 270
8.3.7  Block Transfer MOAE ........cccueeecuiiiiiieeiieeiieeeeectteeiteetteeiee e sveesae e seveeseveessbaesnsee s 271
8.3.8  Chain TranSTEr ...cccuvieiiieiie ettt et teesae e s beeebe e snbeesabeessbaennseeas 273
8.3.9  Operation TIMING......ccccoiririiiiieiiientiere ettt s 274
8.3.10 Number of DTC EXECUtiON STALES ....cccueervieriiieriieniierieeeieesieeeieesreeereesvee s 275
8.3.11 Procedures for Using DTC.........cooiiiiiiiiiiiiiieeiieete ettt s 277

Rev.4.00 Sep. 18, 2008 Page xxxvi of Ix
REJ09B0189-0400

RENESAS



8.3.12 Examples of Use of the DTC .......ccccoociiriiiiiiiiiienienieieeceeee e 278

B4 IIECITUPES ettt sttt ettt et et e bt e bt et e st et e sbtesbe e bt enteeaneeane s 280
8.5 USAZE INOLES ..ttt ettt sttt ettt e bt e b e bt et ea e s bt e sbe e s bt et et st enaee s 280
SeCtion 9 T/O POTLS .ueiiiiiiieeiieeeteeee ettt e 281
0.1 OVEIVIBW .ttt e s st st a ettt e e b e neennee 281
0.2 POIE 1 etttk bt et a et bttt beeaeen e et et e benteebeeneeneans 285
.21 OVEIVIEW ..tieeiiieiiieeiieeeiteeteestteetteesiteesateesbeessseesaseessseessseensseesssaensseesnsasnsseesssennsses 285

9.2.2  Register CONfIGUIAtION ........coeruiiieiiieiiiereeeee ettt sttt eanens 286

0.2.3  Pin FUNCHONS ..coutiiiiiiiiiieeiec ettt ettt st st st e s 288

0.3 POIE 3 ettt bttt st b e ettt ettt be b i en 296
.31 OVEIVIBW ..ttt ettt ettt ettt et e s bt e it e sa bt e sat e e sabeesateesabeesateesabeenans 296

9.3.2  Register CONfIGUIAtION ........couiruieieieieriiientteeee ettt eanens 297

0.3.3  Pin FUNCHONS .cueeiiiiiiiiiiiiiieece et s 302

0.4 POIT A ettt sttt ettt h e bt et et bbeebaenbe s 304
D41 OVEIVIBW ..ttt ettt ettt ettt e s bt e et s bt e s it e e sabeesat e e sabeesat e e sabeenneeesabeenanes 304

9.4.2  Register CONfIGUIAION .....c.eeiitiiiriieiiiieeite ettt ettt et ettt ebee e 304

9.4.3  Pin FUNCHONS ..coutiiiiiiiiiieeiee ettt sttt s s e s s 307

0.5 POIE T ettt h bt et a et e bttt e bt e aeen e et et e benteebeeneeneens 308
0.5.1  OVEIVIEW ..tteeuiieiiieeieeeiteeteesvteeteesbeeeateesebeessaeesnbeeesseesssaensseesssaensseesnsesnsseesssesnsses 308

9.5.2  Register CONfIGUIAtION ........coiruiiieiiiiieieneee ettt sttt eanens 309

0.5.3  Pin FUNCHONS ..coutiiiiiiiiiieiiee ittt sttt s e s 312

0.6 POTEO ettt ettt ettt ettt sbe et en 314
D.0. 1 OVEIVIBW ..etinitiiiieeeiteeeitt ettt ettt ettt et e s bt e s it e st e e s at e e sabeesat e e sabeenateesabeenanes 314

9.6.2  Register CONfIGUIAtION ........coueruiiieieieieierteee ettt st 314

0.6.3  Pin FUNCHIONS .....eiuiiiiiiiiiiieieicee ettt s 315

0.7 POTL A ettt a ettt b e bt bt et a bt et e beehe bt e neent et et e teebeeaeens 315
O.T. 1 OVEIVIBW .ttt ettt ettt ettt ettt e st e st e sab e e sate e sabeesat e e sabeennteesaseenanes 315

9.7.2  Register CoONfiGUIAtION .....c.eeiiuiiiriiiiiiieeite ettt ettt ettt e e 316

0.7.3  Pin FUNCHONS ..coutiiiiiiiiiiiiiee ettt sttt e s 319

9.7.4  MOS Input Pull-Up FUNCHON.......cccuiiiiriiiiniiiiiicieicenie st 321

0.8 POIE B ettt b et e b e e aeea e et et e beete bt eneeaeens 322
0.8.1  OVEIVIEW ...tiieutieiiieeieeeiteeteesteeeteesteesaseesebeeesseessseeasseessseeasseesssaensseesnseensseesssesnsses 322

9.8.2  Register CoNfiGUIAtION .....c.ceeiuiiiriiiiiiiieiie ettt ettt ettt e e 323

0.8.3  Pinl FUNCHONS ..coutiiiiiiiiieeiee ettt sttt s e 325

9.8.4  MOS Input Pull-Up FUNCHON.......ccoiiiiiiiiiiiiiiieiiectceteee e 329

0.9 POIT € ettt sttt et et st h e bttt eab e e et e e beenbeenas 330
L N B @ ) o 4 1< USSP 330

9.9.2  Register CONfIGUIAtION........coiruieieieiiiiierteee ettt sttt eanens 331

9.9.3  Pin Functions in Each MOde ..........c.ceoviiiiiiiniiiiiiiiicteec et 333

9.9.4  MOS Input Pull-Up FUNCHON........ccoiiiiiiiiiiiiiiieiieetceeee e 336
Rev.4.00 Sep. 18, 2008 Page xxxvii of Ix

REJ09B0189-0400

RENESAS



.10 POTE D ettt b et b et a ettt et b e bt bt ene et et et e teeneenes 337
L2 L0 B @ 1 a4 15 OO USPR 337
9.10.2 Register CONfIGUIAtION.......cc.eeieiiieiiiiirtieteeeeretetere sttt s 338
9.10.3 Pin Functions in Each MOde .........ccccceoiiiiiiiiiiiiiiiiiicieeteeee e 340
9.10.4 MOS Input Pull-Up FUNCHON. ......ooviiiiiiiiieniieeteeec ettt 341
.11 POTLE ottt ettt bbbttt st 342
L B O B 0 1 a4 1< OO USPR 342
9.11.2 Register CONfIGUIAtION........c.eeieiiieiiiiriieieeteeet ettt s 343
9.11.3 Pin Functions in Each MOde ..........cccueeiiiiiiiiiiiiieieccieeeieeeee et e 345
9.11.4 MOS Input Pull-Up FUNCHON. ......ooiiiiiiiiiieniieiteeec ettt 346
.12 POTEF ettt st sttt ettt be e 348
D.12.1  OVEIVIBW ..eeiiiieiiieeiieeeitee ettt ettt ettt sttt et e sttt et e e bt e e sate e bt e e sabeesbeeesaseenaees 348
9.12.2 Register CONfIGUIAtION........c.erieiiiiiiiiriieieeteret ettt sb e s 349
9.12.3  Pinl FUNCHONS ..c.vviiiiiieiieeiie ettt ettt ettt sve e tteeseaeesebeessseesssaesnseesnseesnsessnses 351
013 POIE G ettt ettt bttt e h e a e a et et et et b e bt bt ene et et et e teeneenes 353
1301 OVEIVIBW ..ottt ettt ettt ettt e sbt e sttt et e e bt e e bt e e bt e e sabeebeeesaneenaees 353
9.13.2 Register ConfigUIation........cocueeriiirieiniierieentee ettt ettt sbe e st sbee e 354
9.13.3  Pinl FUNCHONS ...uviiiiiiiiiiieiieete ettt ettt ettt e s 356
9.14 Handling of Unused Pins .........ccccooiiiiiiiiiiiniiiieeeeetee ettt 358
Section 10 16-Bit Timer Pulse Unit (TPU) ........ccoooiiiiiiiiieieceeceeeeee, 359
LO.T  OVETVIEW.cnitiiiiieiiiieeiiee ettt ettt sttt e st e st e st e st esabeesab e e s bt e sabeesabaesabeesabeesabeesabeesaneas 359
TO LT FALUTES ...ttt ettt ettt ettt e st e st e sabe e st e sateesabeesaneeas 359
10.1.2 BlOCK DIa@Iam....c.eeiviiiiiiieniiiiiiieeiteeieeeee ettt sttt et st e st s e e s 363
10.1.3  Pin CONfiUIAtION. ....eoitieiieiieieittesiterttete ettt st st st sbe e e e eas 364
10.1.4 Register Configuration.........c.cceeeerueerirrierierienienieeieete et sitesieesieesbe et e e eee e eae 365
10.2  RegiSter DESCIIPLIONS ...c..eetieiieieriieiiteritesteete ettt ettt et st e bt et et st satesbeenbeenbeennens 366
10.2.1 Timer Control Register (TCR).......ccceevuiiriiiriiiiniienieeritereeeeeee e 366
10.2.2 Timer Mode Register (TMDR) ........coovuiiriiiiiiiiienieeieeeeeieeee e 370
10.2.3 Timer I/O Control Register (TIOR) .......cccccevvuiiniiiniiiiniiinieenieereeerieeeeeeeeene 372
10.2.4 Timer Interrupt Enable Register (TIER)........ccccoviiniiiiiiiiniinienienecececeee 379
10.2.5 Timer Status Register (TSR)....cccooviiiiiiiiiiiiieeeeeeee e 381
10.2.6  Timer Counter (TCINT)....ccouiiiiiiieeeeee e e ettt earea e 385
10.2.7 Timer General Register (TGR) ......ccooviiiiiiiiiiiiiiiiienieeeeeeeeee e 385
10.2.8 Timer Start Register (TSTR) ..ccoveiiiiiiiiiiiieieiteeeeteee e 386
10.2.9 Timer Synchro Register (TSYR) .ocuoeiiiiiiiiiiiiiiiieeteetcee e 387
10.2.10 Module Stop Control Register A (MSTPCRA) .....cooeiiiiriiiiinienienieeeeeeeeee 388
10.3  Interface t0 BUS IMASLEI .....cccuuieiuieeiieeiiee et eiteeite et e et e eteeeteeetaeeteeeeaeenseeseneenseesseesnsens 389
10.3.1  16-Bit REZISLEIS «..eouvieuiieiiieiiieiieiiteteetcee ettt sttt ettt st 389
10.3.2 8-Bit REZISIETS ...eeeuvieiuiiiiiieiiie ettt ettt ettt ettt ettt e st e b e e ateesaneens 389
104 OPETALION ..ttt ettt ettt ettt et e bt st e ettt s bt e st e e s bt e eabeesbaeenbeesabeesabeesbeesanees 391

Rev.4.00 Sep. 18,2008 Page xxxviii of Ix
REJ09B0189-0400

RENESAS



JO4.T  OVEIVIEW ..uuvieiiiiiiieiiieeeeee ettt ee ettt e e e e e et e e e e e e eessaaaeeeeeeesesasareeeeessennanees 391

10.4.2 BasiC FUNCHONS ..c..ceiuiiiieiieiieicee ettt et 392
10.4.3  Synchronous OPeration............ccecueeeerieeriienieenierienie e sieenieenee ettt sieesbeenieenneas 399
10.4.4 Buffer OPeration ..........c.eeeieiiiieniieniieenieesieeste ettt ettt sae et esreesateesbeesaees 401
10.4.5 PWM MOGES ....cviimiiiiiniinienienieeiteiteit ettt sttt ettt et sttt et 405
10.4.6 Phase Counting MOE ........ccocuueiiiiriiiiiiiiiieeiee ettt ettt 411

10.5 Interrupts
10.5.1 Interrupt Sources and Priorities. ........ccceeverieriinerierieiienteneeee et 416
10.5.2 DTC and DMAC ACHVALION ...c..evueiuiriiitieiieiieieiesie sttt ettt ee e see e sieeneeneens 417
10.6  Operation TIMING .......ccueeriiiiiiiriienieete ettt ettt e st e s teesabeesabeesabeesateesareenane 418
10.6.1 Input/OUtput TIMING ..c.eveeeiiiiiiiiiieeriieeee ettt ettt 418
10.6.2 Interrupt Signal TimMING.......coooveiriiiniiiiiieieee ettt 423
LO.7  USAZE NNOLES ..cuveeuteeiieiieniteieete ettt ettt ettt et e bt e bt e b e et e s atesbee s bt e bt e et e st e ebtesbtenbeenbeennesanes 427
Section 11 Watchdog Timer (WDT).......cooiiiiiiiiiiiieeeeeceeee 437
L1T OVEIVIBW .ttt ettt ettt ettt st st aeesae st e eanesane b e e ennee 437
T1.1T FAIUIES ..cnieiteeiieeieeee ettt ettt et et s s s sbe e e 437
11.1.2 BlOCK DIa@Iam.....cccueeiiiiiiiiiiiieeiieeiteeite ettt ettt et ettt 438
11.1.3 Register Configuration..........cocereerierieeniieiinienteniteseenteerie ettt seee oo e 439
11.2  RegiSter DESCIIPLIONS ....ccueeiuiiiieiieieeiteetteteete ettt sttt ettt st sat et e sttt et sanesbaenbeenaes 440
11.2.1 Timer Counter (TCINT) ....oooiiiiiieeiee e et 440
11.2.2 Timer Control/Status Register (TCSR) ......cccoociiriiiiniiiiiiiiiiineereeeeieeeee 440
11.2.3 Reset Control/Status Register (RSTCSR) .....ccceeriiiiiiiiiniiiniiiieiiceeeceeeeeeee, 442
11.2.4 NOtes 0N REZISIET ACCESS...ueeruriiriieriiieniterieenieesteeste e sttt sre et esbeesiteesbeesaees 444
L1.3 OPCIALION. ..c.utiiuiieiiieiieittet ettt ettt ettt ettt et s b e b e bt e bt st e s bt e sbe e bt e bt enbeeatesbeenbe e beenaes 446
11.3.1 Watchdog Timer OPeration ..........c.ccoeeerierieesierienienienitenieenie et sitesieesieenieeneas 446
11.3.2 Interval Timer OPeration .........ccecueeuerieriieniienieeieeie et site st eee et seteseeesbee e e 447
11.3.3 Timing of Setting of Overflow Flag (OVEF) ......ccocciiiiiiiiiniiiiieeeeeee 448
11.3.4 Timing of Setting of Watchdog Timer Overflow Flag (WOVF) ........cccccccceuenee. 449
T14  THEETTUPLS ..eeeeieintieeiee ettt ettt ettt ettt ettt ettt e e bt e bt e e bb e e bt e e bt e esbbeebteesabeebeeenaneenane 449
L1.5 USAZE INNOLES ..cuvieuiiiieiiieitieteete ettt sttt ettt et eb e b et e bt et e s bt e s bt e bt e et e st e ebtenbee bt enbeenneeanes 450
11.5.1 Contention between Timer Counter (TCNT) Write and Increment...................... 450
11.5.2 Changing Value of CKS2 to CKSO......ccccoiiiimiiriinieieieteeeeseeteeeeee e 450
11.5.3 Switching between Watchdog Timer Mode and Interval Timer Mode................. 451
11.5.4 Internal Reset in Watchdog Timer Mode..........coceeeviiiniiiiniiiinieeieeieeeeeneeee 451
11.5.5 OVF Flag Clear Operation in Interval Timer Mode........cc..cccceeeverviinienieneeneennen. 451
Section 12 Serial Communication Interface (SCI) .......cooovvvvvvviiiiiiiiiiiieennnen. 453
L2.1  OVEIVIEW .ttt ettt ettt ettt sttt ettt et e b e b e bt e bt e bt s st e sbtesbe e bt et e ea b e eatesbeenbeenbeennes 453
T2.1.1 FRAIUIES ..coveeiiieiieeiieete ettt ettt e st et sbe e e 453
12.1.2 BlOCK DIa@Iam....ccocuiiiiiiiiiiiiieiiieeiteete ettt ettt ettt et 455
Rev.4.00 Sep. 18,2008 Page xxxix of Ix
REJ09B0189-0400

RENESAS



12.1.3  Pin CONiUIATION. c...eeitieiieiiiieitiestiert ettt ettt ettt et st st e i e e eae 457

12.1.4 Register Configuration.........ccceeeeereerirrienienienienieeieete et sitesieesieesbeesie e eee e eae 458
12.2  RegiSter DESCIIPLIONS ...c..eetieiieiiriieiieriteste ettt ettt sttt sb ettt satesbeenbeebe e 459
12.2.1 Receive Shift Register (RSR) .....cooviiiiiiiiiiiiieceeeeeeeeeene 459
12.2.2 Receive Data Register (RDR) ......ccccueiviiiiiiiiiiiiiieeieeiteeiee et 459
12.2.3 Transmit Shift Register (TSR) .....cooouiiiiiiiiiiiiiiiiieeeeee e 460
12.2.4 Transmit Data Register (TDR)........ccoccoviiriiiiiiiiiiieeeceeeeeeeee e 460
12.2.5 Serial Mode Register (SMR) .......cocuiiiiiiiniiiieieeieeeeeeesee et 461
12.2.6 Serial Control Register (SCR)......cceiriiriiiiiiiiieriieiteeeeee et 464
12.2.7 Serial Status Register (SSR) ...ccocuiiiiiiiiiiiiiieieeeeee e 467
12.2.8 Bit Rate Register (BRR) ....ccc.eiiiiiiiiiiiiiiiiieteeteteeee e 472
12.2.9 Smart Card Mode Register (SCMR) ......ccceoviiiniiiniiiiiiienieenieesieesieeee e 480
12.2.10 Serial Extended Mode Register 0 (SEMRO) .......cccccoievieniniiniiiieiiencenceceens 481
12.2.11 Module Stop Control Register B (MSTPCRB)......cccccecieiiiiiiniiiienienceicecees 486
12.3 OPCTALION ...ttt ettt ettt ettt et set e bt et e bt eabesbtesbeesbee bt entesatesatesbeenbeenteennens 487
I2.3.1  OVEIVIBW ..ottt ettt ettt ettt ettt e s st e s s e saeesneeane e 487
12.3.2 Operation in Asynchronous MOde ............ccoecueeriiinieiniieniieenieerieenieesee e 490
12.3.3 Multiprocessor Communication FUNCHON........ccceeiviiiiiiiiiiiiieiie e 501
12.3.4 Operation in Clocked Synchronous Mode..........c..cccceeviirieriinienienieneeneeneeens 509
12.4  SCIINEEITUPLS ...coueetietieteeteeite ettt ettt ettt st st et e bt ea e ette s bt e bt e bt e besatesaeesbeenbeenteeneeeanens 518
12,5 USAZE NNOLES ..uveeueeiieiieteeie ettt sb ettt et at e st ettt eat e e bt e bt e bt enbeeabesbtesbeenbeenbeeneesaeenaeens 520
Section 13 D/A CONVEITET ....eeevviiiiiieeiiie ettt ettt e saee e 531
L1301 OVEIVIEW ..eouiiiiiiiiiiiiieiteteett ettt ettt ettt et b et e e et sanesaeesae e s e eaneeanens 531
I3.1.1 FALUIES ...ttt ettt ettt et ettt e st e saee e seneesanee s 531
13.1.2 BIOCK DIagram.....ccc.ceiuieiiiiiiieniieniieniteicee sttt st st 532
13.1.3  Pin CONiGUIAtION. ....eoitieiieiiiieitteritent ettt st st st e i e et eas 533
13.1.4 Register ConfigUIation......c.ccueerueerieeriieenieenieente ettt et e et e e e sieeesaeeens 533
13.2  RegIStEr DESCIIPLIONS ..eeuvieeiiiiiiieiiie ettt ettt ettt et sttt s bt e et e s bt e sbeeebeeeanees 534
13.2.1 D/A Data Register 0 (DADRO) ....ccceeiriiiiiiiiiiiieeieeiteeee ettt 534
13.2.2 D/A Control Register (DACR) ....cc.coiiiriiiiiiiiiieniteeeeeee sttt 534
13.2.3 Module Stop Control Register C (MSTPCRC)......ccccceciriiiriiniiniinienceicecees 535
13.3 OPCTALION ..ueeintieiiieiieeitet ettt ettt ettt b ettt ea e s bt e sbeesbe e bt embesatesatesbeenbeenteennens 536
Section 14 RAM ..ottt et ettt 539
LA T OVEIVIEW ..eouiiiiiiiiiiiieenitcieett ettt ettt ettt et st b et e sanesaeesaeeneeaneeanens 539
14.1.1 BIOCK DIagram.....ccc.coiuieiiiiiiiiiieniieiteicee ettt st st 539
14.1.2 Register Configuration.........cccceeeereererrierierienienieenieeie et sieesiee e e e e eee e 540
14.2  RegiSter DeSCIIPLIONS ...c..eetieiieieriieiiesteerieete ettt ettt st sb et e bt et satesbeenbeebe e 540
14.2.1 System Control Register (SYSCR) ...cccueoviiiriiiiniiiiiiiiiiieeeeeeeeeeeeee 540
143 OPETALION ..ttt ettt ettt ettt e et e st e sttt s bt e sabeesabeesabeesabaeeabeesabeesabeesabeesarees 541
Rev.4.00 Sep. 18,2008 Page xl of Ix
REJ09B0189-0400



14,4 USAZE NNOLE ....eoutieitieiteeitet ettt ettt ettt ettt b e b e bt es b e e bt e s bt e s bt e bt e et e st e ebeenbeenbeenteeanesnnes 541

Section 15 ROM ....oooiiiiiieeeeceeee ettt et e e e e aa e 543
I5.1  OVEIVIBW ..eniiiiiiiiieiiee ettt ettt ettt st st sae e et en e e e sanesbee e ennee 543
15.1.1 BIOCK DIa@Iam.....cccueeiiiiiiiiiiiiiiieeiteete ettt ettt ettt 543

15.1.2 Register ConfiUIation.......ccecueeeriieriiieeiiieeiieeiee ettt ettt ettt 544

15.2  RegiSter DESCIIPLIONS ....ocueeuiiiieiiiieeiteettenteete ettt sttt ettt ettt sbe ettt et sanesbeesbeenaes 544
15.2.1 Mode Control Register (IMDCR) .....ccccoiiiiiiiiiiiinieicceccec et 544

15.3 OPCIALION. ..c.uuiiuiieiiieiieitieit ettt ettt sttt ettt ettt b e bt e bt et st s bt e sbe e bt e bt enbeeatesbeenbeebeennes 545
15.4 Overview of FIash MEemOTY ......cccoriiiiiiiiiiiiiieniteete ettt ettt 546
I5.4.1 FAIUIES ..couveeniieiieieeie ittt ettt ettt et s sbe e b e 546

15.4.2 BlOCK DIa@Iam.....cccueiiiiiiiiiiiiiiiieeiteeite ettt ettt ettt 547

15.4.3 MO TTANSIIONS ...cuveeutieiiiiiiieriie sttt sttt ettt st st e bt e b e b e 548

15.4.4 On-Board Programming MOdes...........cccccecuirierienienieniieiteieee et 549

15.4.5 Flash Memory Emulation in RAM .......cccooiiiiiiiiiiiiiiiieeececeeeeseee e 551

15.4.6 Differences between Boot Mode and User Program Mode............ccoooueevveennnennnee. 552

15.4.7 BlOCK DIVISIONS.....coiiiiiiieiiiiiiiiiiene ettt et et 553

15.5  Pin ConfigUration..........cooiiiiieeriiiiieiie ettt ettt ettt e st e e sbteesabeesieeesaneenaee 554
15.6 Register CONfIGUIATION .....eetiiiiiiiiiieritet ettt ettt sttt et st s e s naee 555
15.7 RegiSter DESCIIPLIONS ....ccueeuieiieiiiieiiteetteteete ettt sttt ettt sttt et et eatesanesbaenbeeaes 556
15.7.1 Flash Memory Control Register 1 (FLMCRI).....cc.cccceeriiniininiiniinienienieeeene 556

15.7.2 Flash Memory Control Register 2 (FLMCR2).......ccccccoviirviiinieiiieeieeieeieeee. 559

15.7.3 Erase Block Register 1 (EBR1)....cccccoiiiiiiiiiiiiiiieeiciicceceeecec e 560
15.7.4 Erase Block Register 2 (EBR2).....c...cooiiiiiiiiiiiiiiiiciececeeeeee e 560

15.7.5 RAM Emulation Register (RAMER).......cccccoceriiiriiniiniiniiiicecteeiceeeen 561

15.7.6 Serial Control Register X (SCRX) ....cccceiieiiieiiirienieiieiierteeee et 563

15.8 On-Board Programming MOAES ..........cocueeuiriirienieniienieeieeie ettt 564
I5.8.1 BOOt MOGE ...ttt s sttt e 564

15.8.2 User Program MOdEe...........coouiiiiiiiiiiiiiiieiieeiee ettt st 569

15.9 Programming/Erasing Flash MEMOTY .........covciiiiiiiniiiiniiinieeiiteeite ettt et 571
15.9.1 Program MOE .......cc.eovueiiieiiiiieiieriteieee ettt ettt sttt 571

15.9.2 Program-Verify MOde.......c.ccoooieiiiniiniiiiieiieieeteee ettt 572

15.9.3  Erase MOGE ....c..eouiiiiiiiiieiie ettt st sttt 574

15.9.4 Erase-Verify MOdE........cooiiiiiiiiiiiiiieieeiteeee ettt ettt et 574

15,10 PrOTECHION «..cueeniienieeiieeiicrt ettt ettt sttt et e st sae e ettt e e s be e e ennee 576
15.10.1 Hardware ProteCtion ..........coceeieriieiieiinieniienieeieeieeee ettt 576
15.10.2 SOftware ProteCtion..........cceeeeruieriieiiiieeienitesieeieee ettt 577
15.10.3 ErrOr ProteCtiON. .. .ceiuiitieiieiieie ettt sttt ettt 578

15.11 Flash Memory Emulation in RAM.......cccooiiiiiiiiiiiiiieteeeeeeeeee et 580
15.12 Interrupt Handling when Programming/Erasing Flash Memory........c..cccccceveeinncnninncne. 582
15.13 Flash Memory Programmer MOdE ...........ccceovuiiiiiiiniiiniienieenieenieeeeesiee st 582
Rev.4.00 Sep. 18,2008 Page xli of Ix

REJ09B0189-0400

RENESAS



15.13.1 Socket Adapter Pin Correspondence Diagram..........ccoceeveeneenennieniienienieeneeniens 583

15.13.2 Programmer Mode OPEration .........ccc.eeouereeriereenieenieeieeiesitesieesieenieeseeeaeseesaeenne 585
15.13.3 Memory Read MOdE ........cceeiiieiiiiiiiiiieiiestenice ettt 586
15.13.4 Auto-Program MOE .........coouiiiiiiiiiiiiieeiieeeteee ettt ettt 590
15.13.5 AUtO-Erase MOdE.........cccueeiiriiniiiniieiiiieeie sttt 592
15.13.6 Status Read MOdE ........cocueeiiiiiiiiniiniinieiiet ettt 594
15.13.7 Status POIING ....ccuviiiiiiieiieiieeee ettt st 595
15.13.8 Programmer Mode Transition Time ..........ccocevveerienienienieniienienie oo 596
15.13.9 Notes on Memory Programming.........c...coceeeereenienieeniinienienieneenieeneeenie e 597
15.14 Flash Memory and POWer-Down States..........ccocueerieeniiinieiniienieenieesieesiee e 597
15.14.1 Note on POWEr-DOWN States ........ccccovvirierieriieniieienienieneenieereene e e seeneeneens 598
15.15 Flash Memory Programming and Erasing Precautions.........c..ccocevceeneenieniiiinicneeneenen. 598
15.16 Note on Switching from F-ZTAT Version to Masked ROM Version .........cc.cceceeevennennee. 604
Section 16 Clock Pulse GENeTator.........c.ceeevieeiiieeiiieenieeeiveeeseeeeieeeeveeesvee e 605
LO. 1 OVEIVIEW ..eouiiiiiiiiiiiiieitcteett ettt ettt ettt et st et b e e sanesaeesae e s e eaneeanens 605
16.1.1 BlOCK DIa@Iam....c..eevuiiiiiieniiiiiieeieeeieeeeeeee sttt ettt ettt s e s s 605
16.1.2 Register ConfiguIation.........cueevueerieerieinieenieenie ettt ettt e see et esareesaeeesaneens 606
16.2  RegiSter DESCIIPLIONS ...c..eetieiieieriieitertierteete ettt sttt et ettt sate st e b ebe e 606
16.2.1 System Clock Control Register (SCKCR) ......ccccevieviiiiiiiiiiiiiniinieneeececeee 606
16.2.2 Low-Power Control Register (LPWRCR) ......ccccooiiiiiiiiiiiiiiiiiiieniecececeeee 607
16.3  System ClOCK OSCIIALOT.......c.uiiruiiiiiiiiie ettt et sttt e s 609
16.3.1 Connecting a Crystal ReSONAtOT........c.c.ceviirriieiiieniieiieeeieerieesee e 609
16.3.2 External CloCK INPUL......c.coiiiiiiiiiiieieeeeeeeeeeee ettt s 611
16.4 Duty AdJusStment CIFCUIL......c.eeuerteriertierieeie ettt tet et ete st sbtesbeeste et et eaeesbeenbeeaeas 615
16.5 Medium-Speed CloCK DIVIET ....c..coiuiiriiiiiiiiiiiiiieiieeeieeeete st 615
16.6 Bus Master Clock Selection CIrCUIt........co.eereeriirienienieniieieeieste sttt 615
16.7 Note on Crystal RESONALOT .........eeviiiiiiiiiiiiiieciie ettt ettt et e 615
Section 17 Power-Down MOdes .........ocueeuieriiniiiniiniiiieneceeeeeee e 617
L7.1 OVEIVIEW ..ttt ettt ettt ettt st s h et e bt e et ee e s bt e s bt e bt e bt eabesatesbee bt enbeenteeanens 617
17.1.1 Register Configuration.........cccceeeerueerierierierieneenieeieeie e sitesteesiee et esae e saee e 620
17.2  RegiSter DESCIIPLIONS ...c..eetieiieiiriieiiterieesie ettt ettt sttt et ettt satesbe e b ebeenaens 620
17.2.1 Standby Control Register (SBYCR) .....coouiiriiiiiiiniiiniiieieeieeeee e 620
17.2.2 System Clock Control Register (SCKCR) ......cccceeviiiiiiiniieiniiinieenieenieenieeeeeenn 622
17.2.3 Module Stop Control Register (MSTPCR) ......ccccoviiiniiiniiiiniiinieeniieieeieeene 623
17.3  Medium-Speed MOME.......c..oocuiriiiiiiieiieieee ettt st sttt et sttt e b e 624
17.4  SIEEP MOAE ...ttt st b e b e bttt st sate bt et et et 625
1741 SIEEP MOME ...ttt sttt 625
17.4.2 Clearing S1Eep MOAE.........eeviiiiiiieiiiieiieeieeete sttt ettt st s 625
17.5 MoOdUIe StOP MOME ....cooiiiiiiiiiiieiiee ettt ettt ettt ettt be e e sbae e 626
Rev.4.00 Sep. 18, 2008 Page xlii of Ix
REJ09B0189-0400

RENESAS



17.5.1 Module StOp MOE ...cc.eeeiiiiiiiiiieiieieeeeeeeete ettt ettt 626

17.5.2 TUSAZE INOLES ..ottt ettt ettt ettt et et s bt s e sb e bt ettt satesbtesbeenbeenteenneas 628

17.6  Software Standby MOde.......cccueiiiriiiiiiiiiieeeeeet ettt 628
17.6.1 Software Standby MOdE..........cooiiiiiiiiiiiiiieeie et 628

17.6.2 Clearing Software Standby MOdE ..........coovuieriiiiiiiiiiiiiieeeceeec e 629

17.6.3 Setting Oscillation Stabilization Time after Clearing Software Standby Mode.... 629

17.6.4 Software Standby Mode Application Example...........cccceevievinniiiiniinienieneeen. 630

17.6.5 TUSAZE INOLES ...euteieeiieitieieete ettt ettt ettt ettt e s bt e be et et satesbtesbeenbeebeenneas 631

17.7 Hardware Standby MOdE..........cocueiiiiiiniiiiieiieietet ettt 632
17.7.1 Hardware Standby MOdE .........ccceeriiiriiiiiiiiiiieieeec et 632

17.7.2 Hardware Standby Mode Timing..........ccceeeeeveirniieiiieiniieeiieeieeeee e 632

17.8 ¢ Clock Output Disabling FUNCHION .........cccueriieriieiieiieie et 633
Section 18 Electrical CharacteriStiCs ..........ccevueeerieeerieeeiieeeieesieeeereeeevee s 635
18.1 Absolute Maximum Ratings ........cccccociiriiiriiniiiiiiieiie ettt 635
18.2 Power Supply Voltage and Operating Frequency Range..........cccccovveeviiieniinniienieenneenne 636
18.3  DC CRAIACLEIISTICS ...eeuveeureeurerreriieniienteett et eeresieesie et ereesresanesaeesaeentenntennesanesaeenneenneennesanes 637
18.4  AC CRAIACLEIISTICS ...eeuvieurienrerierieeriienitett et et st et et ebeeresare st e bt eseenseesnesanesbeenbeenneeanesanes 642
18.4.1 CLOCK TIIMINE ...ttt sttt sttt ettt st e b e b e be e 642

18.4.2 Control Signal TiMINg ......ccccceviiiiriinienieniteeeie ettt ettt 644

18.4.3 BUS TIMING ..eeiieiieiiieiieieete ettt ettt sttt ettt et eatesbeesbeenbeas 646

18.4.4 Timing of On-Chip Supporting Modules.........c..cceerviiriiiiniiiiienieeieeieeeeeee 653

18.4.5 DMAQC TIMNE.c.utirtirtertiriirieeitetetete et ste et et et te st b sttt eieesteasensenbesaesbesaeeueeanens 656

18.5 D/A Convervion CharacCteriStiCs ......c.cceouieruiruirieniieniienieereeteeneseeesieesteesseereeeresenesnesaeenues 657
18.6 Flash Memory CharacCteriStiCs. .. ..ccuuteuieierierienieeieeieete st siee st et et steesbe e b enbesaaeseaesbeenaes 658
18.7  USAZE INNOLE ...ttt ettt ettt ettt b e b et e st st s bt e s bt e bt e et e st e ebtenbee bt e teeanesnnes 659
Appendix A INSrUCtioN St .......coouiiiiiiiiiiiieiieeie e 661
Al INSEUCHON LISE..cuiiiiiiiiiiiiiiiiiiiie ettt sttt e 661
A2 INSIUCHON COUES ...uveiuiieiiiiiiiriiiniieiteit ettt sttt ettt e e s ennes 685
A3 Operation Code MaAP......c.cooiiiiiiiiieiieetetet ettt ettt sttt ettt s 699
A.4  Number of States Required for Instruction EXeCUtion ........c..cocceevueriinienieninicniienieneene, 703
A.5 Bus States during Instruction EXECULION .........ccceeviiiiiiiiiiiiiniiniiiiceiceeeeeeee e 717
A.6  Condition Code MOdifiCAtION .......cc.cocuiriiriiniieiieieiicree ettt 731
Appendix B Internal I/O RegISter ........covviiiiriiiiiiiiiiieeieeeeecee e 737
Bil  AdAISSES -ttt ettt st b et ettt ebe e bt e b et 737
B2 FUNCHONS ..ottt sttt et b ettt st s btesbe e st et e et eatesbeenbeebeenees 744
Appendix C 1/0 Port Block Diagrams .........ccccceeveenieiiienieiniienieeieeeieeeeeeen 827
C.1  Port 1 BIOCK DIQIamiS.......cccuuiiriiiiiiiiiiieniiesieesiteeiee sttt ettt e st e st e sbeesbeeenbee e 827
Rev.4.00 Sep. 18,2008 Page xliii of Ix

REJ09B0189-0400

RENESAS



C.2  Port 3 BloCK DIQ@IamS . ...cccueeuieiiriieniieniieieeie ettt sttt ettt e b eneas 831

C.3  Port 4 Block DIQ@Iam .....cocueeiiiiiiiiiiiiiiienieeieee ettt st sttt st as 835
C.4  Port 7 BloCK DIQ@IamS . ...cccueeiiriiriieniieiieieeie ettt sttt ettt bee b eneas 836
C.5  Port 9 BIOCK DIQZIam ......ccocueiiiiiiiiiiiieiitt ettt ettt ettt et e 841
C.6  Port A BIOCK Dia@rams .....ccc.coerieriiiiiniieiiiieieeitt ettt ettt ettt et et e e s 842
C.7  Port B BlOCK DIagram.......ccc.ceeiiieriiiiiniieiiiienieeiie ettt ettt ettt ettt et et e 846
C.8  Port C BloCK Dia@rami.........cccueeiiiriiiiiiieiienieeie ettt sttt ettt e naees 847
C.9  Port D BIOCK DIagram......cc.cocueeiiriiiiiiienieeieee ettt sttt 848
C.10 Port E BIOCK DIagram ......c..cocueeiiiriiiiiiiiniienieeit ettt sttt ettt s 849
C.11 Port F BIoCK Diagrams........c.coovuieiiiiiiniieiiiieiieeite ettt ettt ettt sbe e eiee e 850
C.12 Port G BloCK Dia@rams .......c.coovuieeiiiiiniieiiiieiieeiie ettt ettt ettt et e s e 856
Appendix D Pin States.......cooiiiiiiiiiiiieiiieeeeeteeee e 861
D.1  Port States in Each Processing State ...........coceeieriieriiriienieiienieeeie et 861

Appendix E Timing of Transition to and Recovery

from Hardware Standby Mode .........ccccceevviiiniiiiniiiiniieiieeeee 865
E.1 Timing of Transition to Hardware Standby Mode .............ccecceiiniiiiiiiniiniiiiiecieeecee 865
E.2 Timing of Recovery from Hardware Standby Mode............ccoceerieniininninniniinienceeeen. 865
Appendix F Product Code Lineup ..........coceeviiiiiieniiiiiiniiiiceieeeeee e 867
Appendix G Package DIMENSIONS .......ccovvieiriiiiiiiiieniieeniieeiee et 869

Rev.4.00 Sep. 18, 2008 Page xliv of Ix
REJ09B0189-0400

RENESAS



Figures

Section 1 Overview

Figure 1.1  H8S/2214 Group Internal Block Diagram..........cccccecerviiriinienienieniieiiinieneeneeieenne. 5
Figure 1.2 H8S/2214 Group Pin Arrangement

(TFP-100B, TFP-100BV, TFP-100G, TFP-100GV: Top View)......ccccoevereevenuennenn 6
Figure 1.3  H8S/2214 Group Pin Arrangement

(BP-112, BP-112V, TBP-112A, TBP-112AV: Top VIEW) ..ccevveiiiiiiniinecicieieenn 7

Section 2 CPU

Figure 2.1  CPU Operating MOAES ......ccccueeriiiriiiiiieiiieeiteeite ettt ettt ettt 20
Figure 2.2  Exception Vector Table (Normal Mode).........coocueeriiiriiiiiiiieniiieiiieniee et 21
Figure 2.3  Stack Structure in Normal Mode...........ccceiiiriiniiniiiiiiiiieteeecee e 22
Figure 2.4  Exception Vector Table (Advanced Mode)..........ccceevierieeneriinnieiienieneeneeieeieene 23
Figure 2.5  Stack Structure in Advanced Mode..........ccceevieiiiriiiieiiinienteteeee e 24
Figure 2.6 MEeMOTY AP ... .ciiiiiiiiiiiiieeite ettt ettt ettt ettt e st et e e 25
Figure 2.7  CPU REZISIETS ..veeeuveiriiieiiieniiieeieeeiite sttt st site e st e st e st e st esabeesabeesabaesabeesabaesanees 26
Figure 2.8  Usage of General REZISIEIS .......c.eeviiiiiieiiiiiiiieniee ettt 27
FIgure 2.9  STACK ..ottt ettt st sttt et 28
Figure 2.10 General Register Data FOrmats (1) .......ccocevierieniniinienieniiiececeeeeeeeeee 31
Figure 2.11 General Register Data FOrmats (2)........ccccoeterienienieniienienienieeeeeteseeseeeeeieeea 32
Figure 2.12 Memory Data FOrmats........cccueiviiiiiiiiiiieiiieiiceeiee ettt ettt 33
Figure 2.13 Instruction Formats (EXamples) ........ccceeriiiniiiniiiniiiniienieeeiee et 47
Figure 2.14 Branch Address Specification in Memory Indirect Mode............cccccoceerieneenienneennen. 52
Figure 2.15 ProCesSing STALES ....cccuerieiierieriiiieete ettt ettt ettt sttt e bttt st st esbee et et eaneeane s 56
Figure 2.16  State TranSitionS ......coceevuerterieriienieeieete ettt ete et site st e bt e bt et satesatesbeenbeeaeeaneas 57
Figure 2.17 Stack Structure after Exception Handling (Examples)........cc.ccoocevvirvienieneencenennnen. 60
Figure 2.18 On-Chip Memory AcCCeSS CYCLe...cc..iiiiiiiiiiiiieiiiiiiteeiteeee ettt 62
Figure 2.19 Pin States during On-Chip Memory ACCESS.....cccueevveeriieriiienieeriienieeeieeeieeeniee e 63
Figure 2.20 On-Chip Supporting Module Access CYCIe .......cuvrriiriiiiiieriieiiieiieeeeeeee e 64
Figure 2.21 Pin States during On-Chip Supporting Module ACCesS.......ccccervuervierienieneeneenieennen. 65
Figure 2.22 Flowchart for Access Methods for Registers that Include Write-Only Bits.............. 69

Section 3 MCU Operating Modes
Figure 3.1 Memory Map in Each Operating Mode in the H8S/2214.........c..ccooviviiiniiniinienen. 78

Section 4 Exception Handling
Figure 4.1  EXCEPLION SOUICES .....eeitietieiiiiieiteiitesttenteett ettt et st et e bt ebesstesatesatesbeenaeenteeaaeeanens 80
Figure 4.2  Reset Sequence (Modes 2 and 3: Not available in the H8S/2214) .........cccccevvveeenen. 84

Rev.4.00 Sep. 18,2008 Page xlv of Ix
REJ09B0189-0400
RENESAS



Figure 4.3
Figure 4.4
Figure 4.5

Figure 4.6
Figure 4.7

Section 5
Figure 5.1
Figure 5.2
Figure 5.3
Figure 5.4
Figure 5.5
Figure 5.6
Figure 5.7
Figure 5.8
Figure 5.9

Section 6
Figure 6.1
Figure 6.2
Figure 6.3
Figure 6.4
Figure 6.5
Figure 6.6
Figure 6.7
Figure 6.8
Figure 6.9
Figure 6.10
Figure 6.11
Figure 6.12
Figure 6.13
Figure 6.14
Figure 6.15
Figure 6.16
Figure 6.17
Figure 6.18
Figure 6.19
Figure 6.20
Figure 6.21
Figure 6.22

Reset Sequence (MOAE 4)......coue ittt st 85
Interrupt Sources and Number of INterrupts........ccceevuerierienienienienieieeie e 87
Stack Status after Exception Handling

(Normal Modes: Not available in the H8S/2214)........ccvvveiiiiieiiieieeeeeeeceeeee e, 89
Stack Status after Exception Handling (Advanced Modes) .........ccceevveerieenieennueenane 89
Operation when SP Value Is Odd.........coocceiriiiniiiiiiiiiiieeeeeeeeeee e 90

Interrupt Controller

Block Diagram of Interrupt Controller.............cocuerieriiniinieneenieiceieeeeeeeseeieenn 92
Block Diagram of Interrupts IRQN.......cccceriiiiriiiiiiiiiiiiiieeeceeeeee e 100
Timing of Setting IRQNFE ......coociiiiiiiiiii e 100
Block Diagram of Interrupt Control Operation ............ccecceevcveerveeenieeriieeniieereeennn. 105

Flowchart of Procedure Up to Interrupt Acceptance in Interrupt Control Mode 0.. 108

Flowchart of Procedure Up to Interrupt Acceptance in Interrupt Control Mode 2.. 110
Interrupt Exception Handling...........coooovieiiiiiiiinioniiiceeeeeeeeeee e 111
Contention between Interrupt Generation and Disabling ............ccecueevvveeniieneeennne. 114
Interrupt Control for DTC and DMAC .....cccooiiiiiiiiiiiiiiieeiceeeeee e 116

Bus Controller

Block Diagram of Bus Controller ............coceeierienieniineiieiieeeeneeeeieee e 120
Overview of Area DIVISIONS.........ccoiirieriiiiirieiientesceeee e 134
CSn Signal Output Timing (1= 010 7) cv..vvvueeeeeeeeeeeeeeeeseeeeeseeeeeseeee e seeseesees 138
Access Sizes and Data Alignment Control (8-Bit Access Space) ......ccccceevvveerueennne. 139
Access Sizes and Data Alignment Control (16-Bit Access Space) ........ccocveeevueennne. 140
Bus Timing for 8-Bit 2-State ACCESS SPACE .....ccoveerviriiriiniieieeieeiereeeee e 142
Bus Timing for 8-Bit 3-State ACCESS SPACE .....ccvveeviriiriiiieiieieeieseeeee e 143
Bus Timing for 16-Bit 2-State Access Space (Even Address Byte Access)............ 144
Bus Timing for 16-Bit 2-State Access Space (Odd Address Byte Access)............. 145
Bus Timing for 16-Bit 2-State Access Space (Word AcCess) ......cevveerveerieereeennne. 146
Bus Timing for 16-Bit 3-State Access Space (Even Address Byte Access)............ 147
Bus Timing for 16-Bit 3-State Access Space (Odd Address Byte Access)............. 148
Bus Timing for 16-Bit 3-State Access Space (Word ACCEesS) .....cocuevvereerueeruennennes 149
Example of Wait State Insertion Timing...........cecceevuervienienienieniineiieeenceneeiens 151
Example of Burst ROM Access Timing (When ASTO = BRSTS1 = I).................. 153
Example of Burst ROM Access Timing (When ASTO = BRSTS1 = 0).................. 154
Example of Idle Cycle Operation (1) .......ccooeeeveiiiieriiiinieeiceieeeeeeeeee e 155
Example of Idle Cycle Operation (2) ........ccceecuereereeneenenienieneeneenieeieee e e 156
Relationship between Chip Select (CS) and Read (RD) «...c.eeveeeeeeeeeeeeeeeeeeeeean 157
Bus-Released State Transition Timing..........ccoceeveeierienienieneenenence e 161
Multichip BIOCK DIagrami...........cocuierieiiiiiniiiniienieenieeeieestee et 165
Timing of External Module Area Access by DTC .......ccocceevviiiniiiiiiiinieieceeeeee, 171

Rev.4.00 Sep. 18, 2008 Page xlvi of Ix
REJ09B0189-0400

RENESAS



Figure 6.23

On-Chip ROM Valid Extended Mode (Mode 6) Address Map......c...cccceeeueruennenne. 172

Section 7 DMA Controller

Figure 7.1
Figure 7.2
Figure 7.3
Figure 7.4
Figure 7.5
Figure 7.6
Figure 7.7
Figure 7.8
Figure 7.9
Figure 7.10
Figure 7.11
Figure 7.12
Figure 7.13
Figure 7.14
Figure 7.15
Figure 7.16
Figure 7.17
Figure 7.18
Figure 7.19
Figure 7.20
Figure 7.21
Figure 7.22
Figure 7.23
Figure 7.24
Figure 7.25

Figure 7.26
Figure 7.27
Figure 7.28
Figure 7.29
Figure 7.30

Block Diagram of DMAC ......coouuiiiiiiiitiiteeieeceeeteestee ettt st 174
Areas for Register Re-Setting by DTC (Example: Channel 0A).........cc..ccccceveeeene 204
Operation in Sequential MOdE...........oooiiiiiiiiiiinieiieeieec et 212
Example of Sequential Mode Setting Procedure...........ccccooeereeninneniieniencenceiene 213
Operation in Idle MOdE .......c..coouiiiiiiiiiiniiieceeeee et 215
Example of Idle Mode Setting Procedure.............ccocuevienieniniienienienienceiceeceeee 216
Operation in Repeat MOAE.......cccueeviiiriiiiiiieiieeieeeee ettt 219
Example of Repeat Mode Setting Procedure.............ccoceeeviiriiiinniennieinieiieeeeene 220
Operation in NOrmal MOdE .........covuiiiiiiiiiiiiiiniieeieeeee ettt 222
Example of Normal Mode Setting Procedure............cccccoovenieninncnniineniinceneees 223
Operation in Block Transfer Mode (BLKDIR = 0) ......cccceeviriiiniinienienieniceniceees 225
Operation in Block Transfer Mode (BLKDIR = 1) ......cocceeiiriiiniiniiiienienicenieeeee 226
Operation Flow in Block Transfer MOde ...........cccoecieviiiiiiiiniieiniiiiieeeeeieeeeene 228
Example of Block Transfer Mode Setting Procedure...........ccccocevvvenieneencencnnenns 229
Example of DMA Transfer Bus Timing..........ccocceevvveiniiiniieeniieniienieeeieesieeeieenae 232
Example of Short Address Mode Transfer........c..cooceevueriiniinieneeneiciccenceene 233
Example of Full Address Mode (Cycle Steal) Transfer ........c.ccoeceevervieniinieneennen. 234
Example of Full Address Mode (Burst Mode) Transfer..........cccccocceeveevcniieniencene 235
Example of Full Address Mode (Block Transfer Mode) Transfer ..........c..cccc...... 236
Example of DREQ Pin Falling Edge Activated Normal Mode Transfer................. 237
Example of DREQ Pin Falling Edge Activated Block Transfer Mode Transfer-.....238
Example of DREQ Level Activated Normal Mode Transfer ............ccccceceveeneenen. 239
Example of DREQ Level Activated Block Transfer Mode Transfer ...................... 240
Example of Multi-Channel Transfer .........c.ccoocoeviiiinieniinienienienenceeeeeee e 241
Example of Procedure for Continuing Transfer on Channel Interrupted

DY NMI INEEITUPE .eneveeiiiieeiiie ittt ettt ettt ettt ettt et et et esateesibeesanee s 243
Example of Procedure for Forcibly Terminating DMAC Operation............cc...c..... 244
Example of Procedure for Clearing Full Address Mode ..........ccccevverieneincnneneene 245
Block Diagram of Transfer End/Transfer Break Interrupt ..........cccceveeveincnncnniene 246
DMAC Register Update Timing ........cccceeeereenieniiniinienieneenieeieeee st st sieenieeneeens 247
Contention between DMAC Register Update and CPU Read............ccocccevviieneennne 248

Section 8 Data Transfer Controller (DTC)

Figure 8.1  Block Diagram of DTC .........cociiiiiiiiiiiiiiiiiiiiece ettt 252
Figure 8.2  Flowchart of DTC OPeration.........cc.ceoueeruerierienienienieiienitesieenie et site e nie e saees 262
Figure 8.3  Block Diagram of DTC Activation Source COontrol ............ccceevenieneeniensienieneene. 265
Figure 8.4  Correspondence between DTC Vector Address and Register Information.............. 268
Figure 8.5 Location of Register Information in Address Space..........cceevcveevveeenieeriieeniieennieennne 268
Rev.4.00 Sep. 18, 2008 Page xlvii of Ix

REJ09B0189-0400

RENESAS



Figure 8.6
Figure 8.7
Figure 8.8
Figure 8.9
Figure 8.10
Figure 8.11

Figure 8.12

Memory Mapping in Normal Mode .........ccceoieiiiiiiniiniiiiiienieeeeeeeeee e 269
Memory Mapping in Repeat Mode ..........cccevieiiiniiiniiniiiieiieneeeecceee e 270
Memory Mapping in Block Transfer Mode .........c.ccooceeveriiniinienienieiceeeieneee 272
Chain Transfer Memory Map.......cccoovieiiiiinieniieeieete ettt 273
DTC Operation Timing (Example in Normal Mode or Repeat Mode) ................... 274
DTC Operation Timing

(Example of Block Transfer Mode, with Block Size of 2)......c..cccceeveiiincncnenne. 274
DTC Operation Timing (Example of Chain Transfer) ........c..ccocevveeveniinicnncneene. 275

Section 9 1/0 Ports

Figure 9.1
Figure 9.2
Figure 9.3
Figure 9.4
Figure 9.5
Figure 9.6
Figure 9.7
Figure 9.8
Figure 9.9
Figure 9.10
Figure 9.11
Figure 9.12
Figure 9.13
Figure 9.14
Figure 9.15
Figure 9.16
Figure 9.17
Figure 9.18
Figure 9.19

Port 1 Pin FUNCHONS ......oeiiiiiiicciiie ettt et e e evae e e stveeeeeraeeennns 285
POrt 3 Pin FUNCHONS .....oeiiiiiiecciiie ettt et e e evae e e etree e esereeeennnns 296
POrt 4 Pin FUNCHONS ......ooooiiiiiieiiii ettt ettt et evae e e eeaae e eeanes 304
Port 7 Pin FUNCHONS .......cooiiiiiieiiie et e ettt et eaee e e e 308
Port 9 Pin FUNCHONS .......cooiiiiiiiiiie ettt et e eae e e e 314
Port A Pin FUNCHIONS .....ooeiiiiiieciiie ettt e et tae e e sevee e eeraeeenens 315
Port B Pin FUNCHONS ......cooiiiiiiciiie ettt et e e e e e 322
Port C Pin FUNCHONS ......cooiiiiiiciiiie ettt e e et e e e tae e e sereeeeerneeenens 330
Port C Pin Functions (Modes 4 and 5) ........cooooviiioiiieiiiieeeeceee e 333
Port C Pin Functions (IMOE 6)........ccueeiiiiiiiieiiii et ettt et 334
Port C Pin Functions (IMOAE 7).......cocuieiiiiiieeeiiie e ettt 335
Port D Pin FUNCHONS .....ooiiiiiiieciii ettt ettt e e e e e e 337
Port D Pin Functions (IModes 4 £0 6).....cceeieeeiiiieeieee e et 340
Port D Pin Functions (IMOAE 7) .....cccuviiiieeeieeiiiieeeee ettt 341
Port E Pin FUNCHONS. ......ccoiiiiiieiiie ettt ettt etvee e eeaveeeeeanns 342
Port E Pin Functions (Modes 4 0 6) ......ccueieeeiuiiiieeiiee e et eeeeeee e eivee e 345
Port E Pin Functions (IMOAE 7) ......ccocuiiiiiiiie ettt eete et 346
POrt F Pin FUNCHONS ......ooiiiiiiieciiie ettt ettt evae e e svre e e eeveeeennes 348
Port G Pin FUNCHIONS .....coooiiiiieciice ettt et e e e e e e 353

Section 10 16-Bit Timer Pulse Unit (TPU)

Figure 10.1 Block Diagram of TPU ........cccoiiiiiiiiiiiiiiiiieieeeeee sttt 363
Figure 10.2 16-Bit Register Access Operation [Bus Master <> TCNT (16 Bits)].......ccc.cccueneen. 389
Figure 10.3 8-Bit Register Access Operation [Bus Master <> TCR (Upper 8 Bits)].................. 390
Figure 10.4 8-Bit Register Access Operation [Bus Master <> TMDR (Lower 8 Bits)] ............. 390
Figure 10.5 8-Bit Register Access Operation [Bus Master <> TCR and TMDR (16 Bits)] ....... 390
Figure 10.6 Example of Counter Operation Setting Procedure ...........ccoceveenieneinienieneeneennen. 392
Figure 10.7 Free-Running Counter OPeration ............c.cceveerueerieeienienieneenieenieeeeseesieeseeenieennens 393
Figure 10.8 Periodic Counter OPeration............ccocuereereereenieeniieieneenitenieenieeneeeeestesieesieenieenens 394
Figure 10.9 Example Of Setting Procedure For Waveform Output By Compare Match ........... 395
Figure 10.10 Example of O Output/1 Output OPeration ...........cocceeevueeerierniieenienrieeenieeeieeenieeeeees 396
Rev.4.00 Sep. 18,2008 Page xlviii of Ix

REJ09B0189-0400

RENESAS



Figure 10.11 Example of Toggle Output OPeration ............ccceceeeveruererinereeiesueneneneeeeeenennens 396

Figure 10.12 Example of Input Capture Operation Setting Procedure ............ccoceveeneencnncnnnne. 397
Figure 10.13 Example of Input Capture OPeration............coceereereeneenierienieneenieenieeieeie e seee e 398
Figure 10.14 Example of Synchronous Operation Setting Procedure ............cccccevvviniiiniieneennne 399
Figure 10.15 Example of Synchronous Operation............coceevveeriieenieeniieeniieessieenieesieesieessieenane 400
Figure 10.16 Compare Match Buffer Operation..............cceceerieiriieeniiieniiieniieeieeieeeee e 401
Figure 10.17 Input Capture Buffer Operation............ccccceuerierieneeniinieiie et 402
Figure 10.18 Example of Buffer Operation Setting Procedure..........c..cooeeviriiinieniiniencnncnnnne. 402
Figure 10.19 Example of Buffer Operation (1) .......ccccceeeririninieieiininineceereeeeneeeeceeenens 403
Figure 10.20 Example of Buffer Operation (2) ........cccovvierieinieinieeniierieesieeeiee ettt 404
Figure 10.21 Example of PWM Mode Setting Procedure .............ccoocueeriiieniiiinnieniiniienieeeeenae 407
Figure 10.22 Example of PWM Mode Operation (1) ........ccceevieerieinieenieenieenieenieeeieesieeeieeeane 408
Figure 10.23 Example of PWM Mode Operation (2) ........cocceeeereerierienieneeneenieeieeiesve e 409
Figure 10.24 Example of PWM Mode Operation (3) .......ccoceereereenerienienieneenieeieeieeie e 410
Figure 10.25 Example of Phase Counting Mode Setting Procedure.............ccccoeceeviencincnncnncne. 411
Figure 10.26 Example of Phase Counting Mode 1 Operation .............coccveevveeriieenieenrieensieesneennne 412
Figure 10.27 Example of Phase Counting Mode 2 Operation ............ccocceeeerueenieenieecreecrenueneenne 413
Figure 10.28 Example of Phase Counting Mode 3 Operation .............coccueerveerieeenieersieensieeeneeennne 414
Figure 10.29 Example of Phase Counting Mode 4 Operation .............ccocceveereenieenieenienueneeneennes 415
Figure 10.30 Count Timing in Internal Clock Operation...........c..ceceevuerierieneeneenienienienie e 418
Figure 10.31 Count Timing in External Clock Operation ............cccccecuereereeneenieenieenienienieneenae 418
Figure 10.32 Output Compare Output Timing .......cccueeviieriieiniieiieeniieniee ettt eee s esiee e 419
Figure 10.33 Input Capture Input Signal Timing........cccceevveeiiiinieiniienieenieeeeesee et 420
Figure 10.34 Counter Clear Timing (Compare Match) ........cccceevieeriieniiieniiieiiienieeeee e 421
Figure 10.35 Counter Clear Timing (Input Capture) .........cccceeeerueererienienieneenieenieeieere e 421
Figure 10.36 Buffer Operation Timing (Compare Match) ........c.ccooceeviiiiiiiniiniiniiniececee 422
Figure 10.37 Buffer Operation Timing (Input Capture) ........c.cceeeeveeerierierienieneenieeieeie e 422
Figure 10.38 TGI Interrupt Timing (Compare MatCh) .........ccccueerieiniieniieniieiieeieeeceeeeeeene 423
Figure 10.39 TGI Interrupt Timing (INput Capture) ........coocueerueeiniernieerieenieesieesieeeieesieeesiee e 424
Figure 10.40 TCIV Interrupt Setting Timing..........cccceerriierrieiniieiieeiieeteerteeste et see et 425
Figure 10.41 TCIU Interrupt Setting Timing..........coverierierrerrieiienieneeneeieete et 425
Figure 10.42 Timing for Status Flag Clearing by CPU .........cccccooiiiiniiniiiiiiinieneeneeeeeee e 426
Figure 10.43 Timing for Status Flag Clearing by DTC/DMAC Activation .........c..cceceeveenueennnne. 426
Figure 10.44 Phase Difference, Overlap, and Pulse Width in Phase Counting Mode................... 427
Figure 10.45 Contention between TCNT Write and Clear Operations.............coceeeeeveenreennennenne. 428
Figure 10.46 Contention between TCNT Write and Increment Operations .........c..ccccceeveeevennenne. 429
Figure 10.47 Contention between TGR Write and Compare Match............cceceeveenienieniienicneenne. 430
Figure 10.48 Contention between Buffer Register Write and Compare Match...........ccccccceeeee. 431
Figure 10.49 Contention between TGR Read and Input Capture .........c..ccoceeveeneenieniienienieneene. 432
Figure 10.50 Contention between TGR Write and Input Capture ..........cccevcveevvieeniiienieensieenneenne 433
Figure 10.51 Contention between Buffer Register Write and Input Capture...........cccccceecveeenueennne 434
Rev.4.00 Sep. 18, 2008 Page xlix of Ix

REJ09B0189-0400

RENESAS



Figure 10.52 Contention between Overflow and Counter Clearing ...........ccocceveeverveenieneenennnen. 435
Figure 10.53 Contention between TCNT Write and OVerflow ..........coccevvinieniiniiiiniienicnieen. 436

Section 11 Watchdog Timer (WDT)

Figure 11.1 Block Diagram of WDT .......ccccooiiiiiiiiiiiiiiiiceeeeeee e 438
Figure 11.2 Format of Data Written to TCNT and TCSR (Example of WDTO).......cccccceuueeneee. 444
Figure 11.3 Format of Data Written to RSTCSR (Example of WDTO) .......cccccovieviiiiinieninnnen. 445
Figure 11.4 Operation in Watchdog Timer Mode .........cc.ccoceeviirieniinieniinieeeeeeeeeeeieee 446
Figure 11.5 Operation in Interval Timer MoOde ..........coccoeiirienienieniiienie e 447
Figure 11.6 Timing of OVE SEHNE ....coocuiiiiiiiiiiiiiieiieeeeteette ettt 448
Figure 11.7 Timing of WOVEF SettNg......ccccooviriiiriiiiiiieiieienieneeeeeete et 449
Figure 11.8 Contention between TCNT Write and Increment............cccoceeveenienieiiniieneeneenen. 450

Section 12 Serial Communication Interface (SCI)

Figure 12.1 Block Diagram of SCIO........ccccoiiiiiiiiiiiiiiiieieeeeeeee ettt 455
Figure 12.2 Block Diagram of SCI1 and SCI2.......c..cccccoviiiimiiinieniiieececeeeceeeseeeereeenene 456
Figure 12.3 Examples of Base Clock when Average Transfer Rate Is Selected (1)................... 484
Figure 12.4 Examples of Base Clock when Average Transfer Rate Is Selected (2)................... 485
Figure 12.5 Data Format in Asynchronous Communication

(Example with 8-Bit Data, Parity, Two Stop Bits).......cccccoeeviininniiiiniiceceee 490
Figure 12.6 Relation between Output Clock and Transfer Data Phase (Asynchronous Mode). 492
Figure 12.7 Sample SCI Initialization Flowchart ............ccccooieviiiiniiniiniiieecccceeeee 493
Figure 12.8 Sample Serial Transmission Flowchart .........ccc.cccoeviiiiniiniininiinicciceeene 494
Figure 12.9 Example of Operation in Transmission in Asynchronous Mode

(Example with 8-Bit Data, Parity, One Stop Bit) ........cccceeveriiiniinieniiiiciicncee, 496
Figure 12.10 Sample Serial Reception Data Flowchart (1) ......cccceoveeviineniiniinieniiiinieeieeeene 497
Figure 12.11 Sample Serial Reception Data Flowchart (2) ......c.ccooeeviiniiiiiniineeniiiiiienieceee 498
Figure 12.12 Example of SCI Operation in Reception

(Example with 8-Bit Data, Parity, One Stop Bit) ........ccocouerviinniiniiiniiineeieeeeee 500
Figure 12.13 Example of Inter-Processor Communication Using Multiprocessor Format

(Transmission of Data H'AA to Receiving Station A) ........cccceeveeveeneenennenneneenne. 502
Figure 12.14 Sample Multiprocessor Serial Transmission Flowchart............cccccocceiviniiinienennen. 503
Figure 12.15 Example of SCI Operation in Transmission

(Example with 8-Bit Data, Multiprocessor Bit, One Stop Bit).........ccccceevveiinienneen. 505
Figure 12.16 Sample Multiprocessor Serial Reception Flowchart (1).........c.cccoceevieviiiiieniicninnen. 506
Figure 12.17 Sample Multiprocessor Serial Reception Flowchart (2).........c.cccoccevieviiiviinicnnnnen. 507
Figure 12.18 Example of SCI Operation in Reception

(Example with 8-Bit Data, Multiprocessor Bit, One Stop Bit)........cccccoceeneencnnnne. 508
Figure 12.19 Data Format in Synchronous CommuniCation ...........ccc.eeeereereeneeneeneeneeneeneennens 509
Figure 12.20 Sample SCI Initialization Flowchart ...........ccccooeeiiiiiniininniiicccceceeceee 511
Figure 12.21 Sample Serial Transmission FIowchart ...........cc.cccoeiiiiiniiniininiiniiceceeee 512

Rev.4.00 Sep. 18, 2008 Page | of Ix
REJ09B0189-0400
RENESAS



Figure 12.22 Example of SCI Operation in TransSmiSSiON ........ccceevueeiereerienieneenieenienieeieseeenees 514

Figure 12.23 Sample Serial Reception FIowchart ..........ccccooeiviiiiiniiniiiniiiiiieeeccce e 515
Figure 12.24 Example of SCI Operation in ReCeption ...........cccoceevieniiniiniiinienienieeieeieeee e 516
Figure 12.25 Sample Flowchart of Simultaneous Serial Transmit and Receive Operations ........ 517
Figure 12.26 Receive Data Sampling Timing in Asynchronous Mode ...........cccceceecvercriricnnene. 522
Figure 12.27 Example of Clocked Synchronous Transmission by DTC ..........c..ccccceciviiinncnncne. 524
Figure 12.28 Sample Flowchart for Mode Transition during Transmission...........cccceeeueeuerennne. 525
Figure 12.29 Asynchronous Transmission Using Internal Clock ........c..cocoeevvivienienininincnnennns 526
Figure 12.30 Synchronous Transmission Using Internal Clock ..........ccoccovvieniininniniiniienieneene. 526
Figure 12.31 Sample Flowchart for Mode Transition during Reception.............ccccceceeeveenicnncnne. 527
Figure 12.32 Operation when Switching from SCK Pin Function to Port Pin Function .............. 528
Figure 12.33 Operation when Switching from SCK Pin Function to Port Pin Function

(Example of Preventing Low-Level Output)........ccccoveevirvienienieneeneeienienieneene 529

Section 13 D/A Converter
Figure 13.1 Block Diagram of D/A CONVEITET ........ccceoieriieiiiriiiiienieneenieerieete et 532
Figure 13.2 Example of D/A Converter Operation..........c..cccceeeveeruerruereeneeneenieenieesresneseeneennes 537

Section 14 RAM
Figure 14.1 Block Diagram of RAM ........cccoiiiiiiiiiiiiiiienieneteeee ettt 539

Section 15 ROM

Figure 15.1 Block Diagram of ROM ........ccoooiiiiiiiiiiiiiiiieeieeeeettesee sttt et s 543
Figure 15.2 Block Diagram of Flash MemOTy ........ccccocuieriiiiniiiiiiieniieiie ettt 547
Figure 15.3 Flash Memory State Transitions..........cecvereereirierienieneenieeieete sttt ere e 548
Figure 15.4 B0t IMOG@.....couiiiiiiiiiiiieitieeet ettt sttt ettt st e b e b 549
Figure 15.5 User Program MOE ..........cccoeviiriiiiiiiiiiiiiieieeeeee ettt 550
Figure 15.6 Reading Overlap RAM Data in User Mode or User Program Mode....................... 551
Figure 15.7 Writing Overlap RAM Data in User Program Mode............ccccecevvienieneencencnncnne. 552
Figure 15.8 Flash Memory BIOCKS ......cooouiiiiiiiiiiiieiiteeeeeeeeste ettt s 553
Figure 15.9 System Configuration in Boot Mode...........cccceiiriiiiiiiiiiiiniinieeeieeieeee e 565
Figure 15.10 Boot Mode Execution Procedure..............cocueiieiiiniiniinciiiiienieceiceeee e 566
Figure 15.11 Automatic SCI Bit Rate Adjustment .........c..ccoceevuiiienienienieieeieeeeseeeeeee e 567
Figure 15.12 RAM Areas in BoOt MOE .......c.coouiiiiiiiiiiiieiieeieeteeee ettt st 568
Figure 15.13 User Program Mode Execution Procedure ...........cooceevieerieeniiieniieniiiniieenieeeeene 570
Figure 15.14 Program/Program-Verify FIOWChart...........ccoccovviiiiiiiniiiiiiiiiieeicieeeceeeeee 573
Figure 15.15 Erase/Erase-Verify FIOWChArt ...........cccoeiiiiiiiiiiiiiiiieeeecesteseeeee e 575
Figure 15.16 Flash Memory State Transitions..........ccceereeriernierienieneenieeieetesieenieeie e 579
Figure 15.17 Flowchart for Flash Memory Emulation in RAM .......cc.ccociiviiiiiniiniiiiicncee, 580
Figure 15.18 Example of RAM Overlap Operation..........cccccevueeerieeriieenienniieenieenieeesieeesiieesieeees 581
Figure 15.19 On-Chip ROM MemOTry Map.....ccooiiiiieiiiiinieenieeeieesiiee ettt st eiee e siee e 583
Rev.4.00 Sep. 18,2008 Page li of Ix

REJ09B0189-0400

RENESAS



Figure 15.20 Socket Adapter Pin Correspondence Diagram...........cccccevevveiiienienienennienneneennee. 584

Figure 15.21 Timing Waveforms for Memory Read after Memory Write............ccoccevceenveneennen. 587
Figure 15.22 Timing Waveforms in Transition from Memory Read Mode to Another Mode..... 588
Figure 15.23 CE and OE Enable State Read Timing Waveforms ...............ccovoveveeereesvsesrenens 589
Figure 15.24 CE and OE Clock System Read Timing Waveforms .............coooovveeeeververeesrsnens 589
Figure 15.25 Auto-Program Mode Timing Waveforms ..........ccocccoeveiriieniiiniieniciieeeceeeeee, 591
Figure 15.26 Auto-Erase Mode Timing Waveforms .......c..ccooeevuerienieniinenneneniencenceeeeene 593
Figure 15.27 Status Read Mode Timing Waveforms ..........ccccceceeieniiniinenncnneiicncenceceeeene 594
Figure 15.28 Oscillation Stabilization Time, Boot Program Transfer Time,

and POWEr-DOWN SEQUEINCE.......c...eeruiiirieiiiiierieerieeste ettt ettt e e e e saeee s 596
Figure 15.29 Power-On/Off Timing (BoOt MOdE) ........ccovvieriiiiiiieniiiiiieeeceteeee e 601
Figure 15.30 Power-On/Off Timing (User Program Mode) .........ccccceevuieriieniienieiiniieneceeeeee. 602
Figure 15.31 Mode Transition Timing

(Example: Boot Mode — User Mode <> User Program Mode).........c.cccccceveenennne. 603

Section 16 Clock Pulse Generator

Figure 16.1 Block Diagram of Clock Pulse Generator ...........cc.ceceecverieneeneeneenieeceeeeeneeneeneen 605
Figure 16.2 Connection of Crystal Resonator (EXample)..........ccceeeiivieiniiinieiniienieenieeeieeene 609
Figure 16.3 Crystal Resonator Equivalent CirCUit.........ccocceveerieneriinienienieneenieeieeieeee e 609
Figure 16.4 Example of Incorrect Board Design ..........ccooeeuiiiiiiiiniinieniinieeeceeeeseeeee 610
Figure 16.5 External Clock Input (EXamples) ........cccevierieniieiiiniienienieneeneeieee et 611
Figure 16.6 External Clock INput Timing........ccceovuieriiiiiiiiiniiiiiiienee ettt 612
Figure 16.7 Example of External Clock Switching CirCuit ........c..ceceevveriiereeneenieniinieneeneenen. 613
Figure 16.8 Example of External Clock Switchover Timing.........c.cccoccevveenienieniniinieniecneennen. 614

Section 17 Power-Down Modes

Figure 17.1 Mode Transitions........c.eeueruieriiiniiiienieite sttt ettt ettt e s e b e b ennens 619
Figure 17.2 Medium-Speed Mode Transition and Clearance Timing ..........cc.ccccceevveeciennennennen. 625
Figure 17.3 Software Standby Mode Application EXample ........cccccoovieriiiinienniiiiniennieeieeee. 631
Figure 17.4 Hardware Standby Mode Timing (EXample) .........ccoeceirviieriiiinieniiciieniceeeeee. 633

Section 18 Electrical Characteristics

Figure 18.1 Power Supply Voltage and Operating Ranges ...........ccccoeceereeneeneenciiinienieneeen. 636
Figure 18.2 Output Load CIrCUIL ......ccueeiiriiriiiieiieieeieccreereeeet et 642
Figure 18.3 System ClOck Timing.......cocetiiiieriiiiiiieiiiteiteete ettt e s 643
Figure 18.4 Oscillator Settling TIMINg ......ccceevvueerierniienieeiteerie ettt ettt e e 643
Figure 18.5 Reset INPUt TIMiNG...c..covuieiieiiiiiiieniieitiecee ettt st 644
Figure 18.6 Interrupt INput TImMiNg......cccueeiiriiriieniieieeieee ettt 645
Figure 18.7 Basic Bus Timing/TWo-State ACCESS ......cevueruirierieneeniiriertenieenieenieeeeeieesieenieenens 648
Figure 18.8 Basic Bus Timing/Three-State ACCESS ......eevueiriierieiniienieenieenie et esire e 649
Figure 18.9 Basic Bus Timing/Three-State Access with One Wait State...........cccceecverveneennen. 650
Rev.4.00 Sep. 18, 2008 Page lii of Ix

REJ09B0189-0400

RENESAS



Figure 18.10 Burst ROM Access Timing/Two-State ACCESS .......coveeruerruerierieniienieeieeieneenieenees 651

Figure 18.11 External Bus Release Timing ........c.ccooveiieriiieiieiienienieeiceeetesieeieeie e 652
Figure 18.12 I/O Port Input/Output TIMINg........cocverierierieiieiieiieneerieenieeieee et 654
Figure 18.13 TPU Input/Output TIming ......ccccueerruiiiieeriiieeiie ettt et ettt esieeesieeesiee e 654
Figure 18.14 TPU Clock INPut TimiNg........eevueeiieerieeniiienieeniieeeieesiieesiee st esree st esveesbeesnee e 654
Figure 18.15 SCK Clock INPut TIMING ..ccc.eeevuieiriiiinieeniiierieerieeeieesiee ettt siee st eieesbeeesiee e 655
Figure 18.16 SCI Input/Output Timing/Clock Synchronous Mode.........cc.cceeceeveeviiniienieniennene. 655
Figure 18.17 DMAC TEND Output Timing........ccceeeveererieeninieeniiniecnienieeeresreseeeesreseenesreseenene 656
Figure 18.18 DMAC DREQ Output TilinNg ......cc.cevueeiiieienienieniienieenie oottt eve e 656

Appendix A Instruction Set
Figure A.1 Address Bus, RD, HWR, and LWR Timing
(8-Bit Bus, Three-State Access, NO Wait States) .........ccoovvreeeeiiieeiiiieeeciieeeeieee e 718

Appendix C 1/0 Port Block Diagrams

Figure C.1 Port 1 Block Diagram (Pins P10 and P11) ...c..ccccccooiiiiiiiiiininiiiciceeeeee, 827
Figure C.2  Port 1 Block Diagram (Pins P12 and P13) .......cccccccieiiiiiiiiniiiicciceeeee, 828
Figure C.3 Port 1 Block Diagram (Pins P14 and P16) ......c.cccovviiiniiiniiiiniiiniienieeeceeieeeieee 829
Figure C.4 Port 1 Block Diagram (Pins P15 and P17) ...c..ccociiiiiiiiiiiiiieeeeeeeee, 830
Figure C.5 Port 3 Block Diagram (Pins P30 and P33) .......ccccooiiiiiiiiiiiiiieeeceeeceeee, 831
Figure C.6  Port 3 Block Diagram (Pins P31 and P34) .......ccccoooiiiiiiiiiiiinieeeeeeeeee 832
Figure C.7 Port 3 Block Diagram (Pins P32 and P35) ......cccoeiviiiniiiniiiiiccieeceeieeeieee 833
Figure C.8 Port 3 Block Diagram (Pin P36)........cccccooiiiiiiiiiiiiiiiieeeteeeeeee e 834
Figure C.9 Port 4 Block Diagram (Pins P40 to P44, P46, and P47)......ccccccovviiviiiiiiniiiieene 835
Figure C.10 Port 4 Block Diagram (Pin P45).......ccccooiiiiiiiiiiieeeeeeeeee e 835
Figure C.11 Port 7 Block Diagram (Pins P70 and P71) ......cccceoiiiiiniiiiiiiiiiieiccceee e 836
Figure C.12 Port 7 Block Diagram (Pins P72 and P73) .......ccccooiiiiiniiiiiiiiieecceeee e 837
Figure C.13 Port 7 Block Diagram (Pin P74).......coooiiiiiiiiiiiiteeteeteete et 838
Figure C.14 Port 7 Block Diagram (Pins P75 and P76) .......c..cccccooiiviiiiiiniiniiicicicciccceee 839
Figure C.15 Port 7 Block Diagram (Pin P77)...c.c.cooviiiiiiiiiiiiiieecteeteete e 840
Figure C.16 Port 9 Block Diagram (Pin PO0)........cc.cociiiiiiiiiiiiiiniiieeeceeeecee e 841
Figure C.17 Port A Block Diagram (Pin PAO) ......cccoooiiiiiiiiiiiiiiieeeeeteeeeee e 842
Figure C.18 Port A Block Diagram (Pin PAT) ......cccoiiiiiiiiiiiiieeeeeeeeee e 843
Figure C.19 Port A Block Diagram (Pin PA2) ........cccoooiiiiiiiiiiiiiiieeeecetceee e 844
Figure C.20 Port A Block Diagram (Pin PA3) ......cccccooiiiiiiiiiiieieeeeeececete e 845
Figure C.21 Port B Block Diagram (Pins PBO to PB7) ....cccccoiiiiiiiiiiiiiiiiieeeeeeceeceeee 846
Figure C.22 Port C Block Diagram (Pins PCO to PC7) ....ccccooiiiiniiniiiiiiiiieienicecee e 847
Figure C.23 Port D Block Diagram (Pins PDO to PD7) .....ccooiiiiiiiniiiiiiiienienieeeeecee 848
Figure C.24 Port E Block Diagram (Pins PEO to PE7).....c..cccceiiiiiiiiiiiiiiniieeeceeceeeee 849
Figure C.25 Port F Block Diagram (Pin PFO) .......cccccooiiiiiiiiiiiiceeeeeeeeeeeeeeiee e 850
Figure C.26 Port F Block Diagram (Pin PF1) .......coociiiiiiiiiiiieeeeeee e 851
Rev.4.00 Sep. 18, 2008 Page liii of Ix

REJ09B0189-0400

RENESAS



Figure C.27
Figure C.28
Figure C.29
Figure C.30
Figure C.31
Figure C.32
Figure C.33
Figure C.34

Port F Block Diagram (Pin PF2) .......ccccoooiiiiiiiiieeeeee 852
Port F Block Diagram (Pin PF3) .......cocoiiiiiiiieeeeeeee 853
Port F Block Diagram (Pins PF4 t0 PF6O) .........cccccoiiiiiiiiniiiieieeeceeee 854
Port F Block Diagram (Pin PE7) ......coccoiiiiiiiiiiiieeeeeeee e 855
Port G Block Diagram (Pin PGO).........coccuiiiiiiiiiiniiiiieieeceeeeee e 856
Port G Block Diagram (Pin PG1)......ccccooiiiiiiiiiiiiiiiiieieeeeceeeee e 857
Port G Block Diagram (Pins PG2 and PG3) .......ccocoiiiiiiiiiiiiieccece 858
Port G Block Diagram (Pin PG4)......cccooiiiiiiiiiiiiiiieeeeeeeeeee e 859

Appendix E Timing of Transition to and Recovery from Hardware Standby Mode

Figure E.1
Figure E.2

Timing of Transition to Hardware Standby Mode ..........c.cccoceeveeniiiiiiinicnicnncnne. 865
Timing of Recovery from Hardware Standby Mode..........cc.cccoeeviieciieciinicnicnnene. 865

Appendix G Package Dimensions

Figure G.1
Figure G.2
Figure G.3
Figure G.4

TFP-100B, TFP-100BV Package Dimensions ...........cceceveerieneenieesiennienienieneenees 869
TFP-100G, TFP-100GA Package Dimensions...........cccevveereeenieenieenieenieesieennnees 870
TBP-112A, TBP-112AV Package Dimensions..........cceevveereeenieenieeenieenieesieeennens 871
BP-112, BP-112V Package Dimensions ..........ccceocueervieeriieniieeniiieniee e 872

Rev.4.00 Sep. 18,2008 Page liv of Ix
REJ09B0189-0400

RENESAS



Tables

Section 1
Table 1.1
Table 1.2
Table 1.3

Section 2
Table 2.1
Table 2.2
Table 2.3
Table 2.4
Table 2.5
Table 2.6
Table 2.7

Section 3
Table 3.1
Table 3.2
Table 3.3
Table 3.4

Section 4
Table 4.1
Table 4.2
Table 4.3
Table 4.4
Table 4.5

Section 5
Table 5.1
Table 5.2
Table 5.3
Table 5.4
Table 5.5
Table 5.6
Table 5.7
Table 5.8
Table 5.9

Overview
OVETVIBW ..ttt ettt ettt st st ettt e ease s b e bt e e e nesanesaeenaeeneenne 2
Pin Functions in Each Operating Mode............ccceiriiiniiiniiinieiiieeiceieeeieeeee e 8
PIn FUNCHONS ...ovviiiiieiiiiiieie ettt e s e s 12
CPU
Instruction ClassifiCation.........c..ceiieierierieiieniieecee et 34
Combinations of Instructions and Addressing Modes..........occcevieeviieriiienieennieennnen. 35
Instructions Classified by FUNCHON ........ccccoviiiiiiiiiiiiiic e 38
AdAressing MOAES .......ceiruiiiriiiiiieeiitesteeete ettt sttt e st e st e s beesbeesbaeenaees 49
Absolute Address Access RANGES ......cocuevuiiiiiiinieniiiiieeeeee e 50
Effective Address Calculation..........ooeevuerieiieiienieniieie et 53
Exception Handling Types and Priority ........cc.ccovceerieneiiiniinienieiceieceeeesee e 58
MCU Operating Modes
MCU Operating Mode SeleCtion.........ccceveieriiiniiienieiiieerieesiie ettt 71
IMOCU REZISIEIS ..ttt ettt sttt ettt et ettt e bt et et e esbesaaeseaesbeenae 72
Relationship between RES and MRES pin Values and Type of Reset...................... 74
Pin Functions in Each MOde...........cooeiiiiiiiiiiiiiiiieeeeeteeeeee e 77
Exception Handling
Exception Handling Types and Priority ..........ccoceeevieeiiiinieniieiiieeiceeeeiee e 79
Exception Vector Table..........cooiiiiiiiiiiieiie ettt 81
RESEE TYPES -ttt ettt ettt et s 82
Status of CCR and EXR after Trace Exception Handling...........ccccceceveeniinieneennen. 86
Status of CCR and EXR after Trap Instruction Exception Handling ........................ 88

Interrupt Controller

Interrupt Controller Pins..........ooooiiiiiiiiiiiiieiieetec e 93
Interrupt Controller REZIStErS......cc.covuiiiiiiiiiiiieeecee e 93
Correspondence between Interrupt Sources and IPR Settings..........ccccceeveeierienenne. 95
Interrupt Sources, Vector Addresses, and Interrupt Priorities ........c.ccceeveevneeeneennne 102
Interrupt CONIOl MOAES ....ccvviiiieiiiieiieeiie ettt st 104
Interrupts Selected in Each Interrupt Control Mode (1)......ccccvvevieiniienienniieeniieenane 105
Interrupts Selected in Each Interrupt Control Mode (2).......cocveveeneeneenerncnieeneenne 106
Operations and Control Signal Functions in Each Interrupt Control Mode ............ 106
Interrupt ReSponse TIMeS. ......ccueruieriiiriiiieiieiie ettt sttt 112

Rev.4.00 Sep. 18,2008 Page Iv of Ix
REJ09B0189-0400
RENESAS



Table 5.10
Table 5.11

Section 6
Table 6.1
Table 6.2
Table 6.3
Table 6.4
Table 6.5
Table 6.6
Table 6.7
Table 6.8

Section 7
Table 7.1
Table 7.2
Table 7.3
Table 7.4
Table 7.5

Table 7.6
Table 7.7
Table 7.8
Table 7.9
Table 7.10
Table 7.11
Table 7.12
Table 7.13
Table 7.14

Section 8
Table 8.1
Table 8.2
Table 8.3
Table 8.4
Table 8.5
Table 8.6
Table 8.7
Table 8.8
Table 8.9

Number of States in Interrupt Handling Routine Execution Statuses ..................... 113
Interrupt Source Selection and Clearing Control ...........ccocevieveenieneeienienieneee 118

Bus Controller

Bus Controller PIns ......oo.eeiiiiiiiiiiieieeeece ettt 121
Bus Controller REGISLETS ......coovuieeiiiiiiiiiiiieiie ettt ettt 122
Bus Specifications for Each Area (Basic Bus Interface).........ccccceoeeveencincnncnnenne. 136
Data Buses Used and Valid Strobes ..........cccceeriieeiieniienieeniiesieeeiee e esveesveeeees 141
Pin States in Idle CYCIE ......oouiriiiiiiiiieeee e 158
Pin States in Bus Released State ..........ccooueeviiiiiiiniiiiieeieeececceee e 160
External Module Expansion Function Pins ............cccocceiiniiiiiiiniciniienicenieeeeene, 165
Bus Controller REGISLETS ......ccovuiieiiiiiiiiiiieeiieeite ettt ettt e 166
DMA Controller

Overview of DMAC Functions (Short Address Mode)........ccc.ccoeevieieiirieeeecieeeenns 175
Overview of DMAC Functions (Full Address Mode)........ccccoovevvvveeeieeeeeccinneenen.. 176
DIMAC PINS ..ttt ettt ettt ettt et sbt e et e bt e e sabeeaees 177
DIMAGC REZISIETS ..eeuveeeniieeieeeiteeiteesite ettt et ettt e site ettt e sate ettt e sateebaeesabeenbeeesaseesees 178
Short Address Mode and Full Address Mode

(For 1 Channel: Example of Channel 0)..........cccccooiriiniiniiniiniinienecceeeeee e 179
DMAC Transfer MOAES ........cccuveeiiieiiiieeiieeiieeieeesieeesteesieeeteesseeeseesssesseesnssesnsnes 209
Register Functions in Sequential Mode..........coccuvevieiniiinieiniieniecieeeieeee e 211
Register Functions in Idle Mode ..........cocceeiviiriiiiniiiiiiiecceeece e 214
Register Functions in Repeat Mode ..........cooieeiiiiniiiiiiiniiiieceeee e 217
Register Functions in Normal MOde .........ccccoceiiiiiiniiniiniiiieieneeceeee e 221
Register Functions in Block Transfer Mode ...........ccocceverviiiiiniinienieniecnenee 224
DMAC ACHIVALION SOUICES ...eeeuveererierieeniieerreensreenreessseesseessreesseessseesssesssesssssesnsees 230
DMAC Channel Priority OTder ........cccueeviierieeiiiiiniieeieeeiieeite ettt 241
Interrupt Source Priority OTder ..........cceoviivieiiiiiinieiiteieeie e 246

Data Transfer Controller (DTC)

DTC REZISTEIS ..ottt ettt ettt ettt ettt b e b e e 253
DTC FUNCHONS ...ttt ettt sttt sttt ettt s bt e b e e s s 263
Activation Source and DTCER Clearance ...........c.cccoceeveevuieniieieneeneeneeneennennenne 264
Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEs................. 266
Register Information in Normal Mode...........cocceiriiiiiiiiiniiiiiiiieciceeeee e 269
Register Information in Repeat Mode ..........ccceoiirirniiniiiiiiniiniecceeeeeeee e 270
Register Information in Block Transfer Mode ...........ccocevviiriiniiniinienincnienee 271
DTC EXCCULION STATUSES....cetieutieuiieitiniieniienieeieete et sttesiee ettt sbeesbeenbeenbessre e saee 275
Number of States Required for Each Execution Status...........ccccceceevieiiencnncnncnne. 276

Rev.4.00 Sep. 18,2008 Page Ivi of Ix
REJ09B0189-0400

RENESAS



Section 9 1/0 Ports

Table 9.1
Table 9.2
Table 9.3
Table 9.4
Table 9.5
Table 9.6
Table 9.7
Table 9.8
Table 9.9
Table 9.10
Table 9.11
Table 9.12
Table 9.13
Table 9.14
Table 9.15
Table 9.16
Table 9.17
Table 9.18
Table 9.19
Table 9.20
Table 9.21
Table 9.22
Table 9.23
Table 9.24
Table 9.25
Table 9.26

HS8S/2214 Group Port FUNCHIONS .......coouiiiiiiiiiiiiiniieiceiceeeeee e 282
POTt 1 REZISTETS ..ottt st st st e e 286
Port 1 Pin FUNCHONS «...cc.eiiiiiiiiiiciieieic ettt 288
POTE 3 REZISIETS ..eeuvveiiiiiiieeiiteee ettt ettt st ettt s e e aee e 297
Port 3 Pin FUNCHONS «...cc.eiiiiiiiiiieiicicic et 302
POTt 4 REZISLETS ...ttt ettt ettt st st s sbe e e e ea 304
POTt 7 REZISLEIS ...ttt ettt st s e e e 309
Port 7 Pin FUNCHONS ....cc.eeiiiiiieiiiieeie ettt 312
POTE O REZISETS ..eouvteiiiiiiiieiieeee ettt ettt ettt bbb e aee e 314
POTE A REZISIETS neveiiiiieiiieiiieeiee ettt ettt ettt e st e st e sabee e 316
Port A Pin FUNCHONS ......ooiiiiiiiiiiiiiiic et 319
MOS Input Pull-Up States (POIt A).......cooeeierieiienieiieieeieeiesieesiee e 321
POrt B REGISIETS ...ttt ettt st et 323
Port B Pin FUNCHONS. .......ooiiiiiiiiiiiiiciie ettt 325
MOS Input Pull-Up States (POTt B) ......covuiiiiiiiiiiiiiiiieteeeeeeeeeesee e 329
POTE C REGISTEIS ..eeuuieiiiieeiiieiiieeee ettt ettt ettt e st e st e e sabeesabeesabeesane 331
MOS Input Pull-Up States (POTt C)...cueeeueiiiiieiiieeiieeiieesteeiie et 336
POt D REZISIEIS ..ttt ettt st e 338
MOS Input Pull-Up States (Port D).......coceiviiiiiiiiniiiieieenieeiesieneeeee e 341
POt E REZISIEIS ...ttt ettt sttt 343
MOS Input Pull-Up States (POt E) ..c...oevuiiiniiiiiiiiiiiiieeeeeeeeeeeee e 347
POTE F REZISIETS ..eeutieiiiiiiiieiiieeee ettt ettt st et 349
Port F Pin FUNCHIONS .....c..ooiiiiiiiiiiiiciicrcccct ettt 351
POt G REZISIEIS ..cuviiiiiieiieiieteeteete sttt st s 354
Port G Pin FUNCHONS .......ooiiiiiiiiiiiiiiiic ettt 356
Handling of Unused INput Pins .........ccoceiiiiiiiiiiiiiieeeeeeesesteeeee e 358

Section 10 16-Bit Timer Pulse Unit (TPU)

Table 10.1
Table 10.2
Table 10.3
Table 10.4
Table 10.5
Table 10.6
Table 10.7
Table 10.8
Table 10.9
Table 10.10
Table 10.11

TPU FUNCHONS. ....covtieiiiiieiieieete ettt ettt ettt e s st eneeneeane e 361
TPU PIIS 1ottt ettt ettt et b e bt e a et e et et e sbesbeebeeneeneeneenean 364
TPU REZISELS ...uveutieiiiiieiieiieieete et st ettt ettt ettt et e b et st sitesbeesbeenbeeeesane e 365
TPU CIOCK SOUICTES ....eeuvieniieniieiieeiieeite sttt ettt ettt ettt ettt st sbeesbeenaeenee e 368
Register Combinations in Buffer Operation.............coceerviieniiiinieniininienieeeene 401
PWM Output Registers and Output Pins.........ccoceevviiiiiiiiiiiiiiieiiciiieceeeieeeeene 406
Phase Counting Mode Clock Input Pins..........coccueeriiiniiiniiiniienienieeeieeseeeieeeae 411
Up/Down-Count Conditions in Phase Counting Mode 1 .........cccceovevieniincnncneene 412
Up/Down-Count Conditions in Phase Counting Mode 2 .........ccccccveveeneincnnenneene 413
Up/Down-Count Conditions in Phase Counting Mode 3 .........ccccooeeveeninncnncnneene 414
Up/Down-Count Conditions in Phase Counting Mode 4 .........ccccccevveerieenieenneenane 415

Rev.4.00 Sep. 18,2008 Page lvii of Ix
REJ09B0189-0400
RENESAS



Table 10.12

Section 11
Table 11.1

Section 12
Table 12.1
Table 12.2
Table 12.3
Table 12.4
Table 12.5
Table 12.6

Table 12.7
Table 12.8
Table 12.9
Table 12.10
Table 12.11
Table 12.12
Table 12.13
Table 12.14

Section 13
Table 13.1
Table 13.2

Section 14
Table 14.1

Section 15
Table 15.1
Table 15.2
Table 15.3
Table 15.4
Table 15.5
Table 15.6
Table 15.7
Table 15.8
Table 15.9

Interrupt Sources and DMA Controller (DMAC) and Data Transfer (DTC)

ACHVALION ...ttt et e e ettt e e et e e e eetaeeeeeaeeeeetaeeeeesseeeeeaveeeeesseeeannes 416
Watchdog Timer (WDT)
WDT REZISIETS ..ttt ettt ettt ettt ettt ettt e be e et e e bt e e saneeaees 439

Serial Communication Interface (SCI)

SCIPINS. ..ttt ettt e et e et eeete e et e e eteeeeteeeaeeeteeereeeseeereeereeenneean 457
SCI REZISIEIS ...ttt sttt ettt st st e st e bt ettt e st esbaesbeenbeenees 458
BRR Settings for Various Bit Rates (Asynchronous Mode) ..........cccoevveeriieerinennen. 473
BRR Settings for Various Bit Rates (Clocked Synchronous Mode) ....................... 476

Maximum Bit Rate for Each Frequency (Asynchronous Mode, when ABCS = 0).478
Maximum Bit Rate with External Clock Input

(Asynchronous Mode, when ABCS = 0)....coooeiiiiiiiiiniinienieeeeeeceeee e 479
Maximum Bit Rate with External Clock Input (Clocked Synchronous Mode)....... 479
SMR Settings and Serial Transfer Format Selection.........c..cccoovevviiriiinnecnnieenneen. 488
SMR and SCR Settings and SCI Clock Source Selection ...........cccceeevveeneeeniienneen. 488
SMRO, SCRO, SEMRO Settings and SCI Clock Source Selection (SCIO Only) ..... 489
Serial Transfer Formats (Asynchronous Mode) ..........ccccoeceevienieneenenncnnenieneee. 491
Receive Errors and Conditions fOr OCCUITENCE ........cccvvieruieeriierieerieenreenereesveeenes 500
SCI INLEITUPE SOUICTES ...enveentieniienieeiieeiieeite sttt ettt sttt et ettt setesbaesbeenbeenees 519
State of SSR Status Flags and Transfer of Receive Data ...........ccocceeevieiiiiinnennen. 521

D/A Converter

Pin CONfigUIAtION ...o.eeitiiiiiiiiii ettt s 533
D/A Converter REGISTEIS .......eiueiruieniiiiieieeiieeiiesie ettt ettt 533
RAM

RAM REZISIET ettt ettt ettt ettt ettt et saae e 540
ROM

ROM REZISLET «..cuvietiiniieiieit ettt sttt ettt et ettt et s 544
Operating Modes and ROM Area (F-ZTAT Version and Masked ROM Version) 545
Differences between Boot Mode and User Program Mode..........c.ccccovveeniienennnee. 552
Pin Configuration .........oc.eeeiiiiiieriieiieec ettt e 554
Register CONfIGUIAtION .....cc.eiriieiiieiiiieeiee ettt st ettt 555
Flash Memory Erase BIOCKS.........ccoeiiiiiiiiiiiiiieiiececec e 561
Flash Memory Area DiVISIONS .........ccoceerierierieiieiienienieeie ettt 562
Setting On-Board Programming Modes..........ccccceverviiriiniinienienieceeee e 564
System Clock Frequencies for which Automatic Adjustment of LSI Bit Rate Is
POSSIDIE ... e e e 567

Rev.4.00 Sep. 18,2008 Page lviii of Ix
REJ09B0189-0400

RENESAS



Table 15.10
Table 15.11
Table 15.12
Table 15.13
Table 15.14
Table 15.15
Table 15.16
Table 15.17
Table 15.18
Table 15.19
Table 15.20
Table 15.21
Table 15.22
Table 15.23
Table 15.24
Table 15.25

Section 16
Table 16.1
Table 16.2
Table 16.3
Table 16.4
Table 16.5

Section 17
Table 17.1
Table 17.2
Table 17.3
Table 17.4
Table 17.5

Section 18

Hardware ProteCtion........c.cueiieiiiiiiriiiieiienicesiceeee ettt 576
SOFtWAre PrOteCTION ....cc.veiuiiiiiiieiieieeiteset ettt s 577
Programmer Mode Pin Settings..........cocereerienieniiiiinieniieneeieeie et 583
Settings for Various Operating Modes In Programmer Mode...........c.cccceevveunennee. 585
Programmer Mode Commands.............ceooeeerieinieenieeniienieeniee e siee e e e 586
AC Characteristics in Transition to Memory Read Mode .........cccccoevveeiiieniiiennennne 586
AC Characteristics in Transition from Memory Read Mode to Another Mode....... 587
AC Characteristics in Memory Read Mode ..........ccceeienieniiiiniinenenieiceceee 588
AC Characteristics in Auto-Program Mode ............ccceceevieniiiienienienieneeniceeeeeee 591
AC Characteristics in Auto-Erase Mode ........c..ccccoecvirienieniniinienienieneeiceieeeee 592
AC Characteristics in Status Read Mode ..........cccoecvieienienieninicnieneneeiceiceeee 594
Status Read Mode Return Commands..........coceeeenieneeniiiniinieneeneeecreerenreseeaee 595
Status Polling Output Truth Table.........ccccoceiiiiiiniiniiiii e 595
Stipulated Transition Times to Command Wait State ..........ccccecevvierieniencenennenne. 596
Flash Memory Operating States .........cocceeuereereeniieienienienieenieeieeeeseesieesieeneeeeeeas 597
Registers Present in F-ZTAT Version but Absent in Masked ROM Version ......... 604

Clock Pulse Generator

Clock Pulse Generator REZIStEr........ueiieriiriiiniiiiiiieniieieeieeeeete st 606
Damping Resistance ValUe.........ccceoieiieriiniiniiiiiiieeiienieeieeeee et 609
Crystal Resonator Parameters............ccoceiierieniiiiniinienienieeeeese e 610
External Clock Input CONAitionS .......ccc.eevueeriieeriiieeiiieeiieeiee ettt et 612

External Clock Input Conditions when the Duty Adjustment Circuit Is not Used.. 612

Power-Down Modes

LSI Internal States in Each Mode...........cocuoiiiniiniiiiiniinienieeeeee et 618
Power-Down Mode RegIStErs. ........coueiiiriiiniiiiiiiiieniieiceieeeee et 620
MSTP Bits and Corresponding On-Chip Supporting Modules ..........cc.cccevueernueennne 627
Oscillation Stabilization Time Settings .......cccceevvvieerieriieeiieerieete et 630
¢ Pin State in Each Processing Mode...........cooveiieiiieienienieiee e 633

Electrical Characteristics

Table 18.1  Absolute Maximum Ratings.........ccoceerieriiiinienieiienceicec et 635
Table 18.2 DC CharacteriStiCS (1) .....ccuiiiiuiiieeieieiiirieee e ettt eeerrre e e e eeeetrre e e e e e eeeearaaeeeeees 637
Table 18.3 DC CharacteriStiCS (2) .....ccceeiiurieeeeeeeiiirreeeeeeeeeiirreeeeeeeeeiirreeeeeeeeeiirrreeeeeeeeseisrrreeeeeas 639
Table 18.4 DC CharacteriStiCS (3) ....ccciieiirrieeeeeieiiirreeeeeeeeeiirreeeeeeeeeiirreeeeeeeeesrtaeeeeeeeeeearraeeeaeas 640
Table 18.5 Permissible OUtput CUITENLS. .....cc.ceveiriieriieiirieiie ettt ettt et 641
Table 18.6  ClOCK TIMING.....ccouiiiiiiiiieiiesite ettt ettt sttt e ettt st sbaesbe e 642
Table 18.7  Control Signal Timing........cccoevuiriiriiniiiieieeiete ettt 644
Table 18.8  BUS TIMINZ ....eiiuiiiiiiiiiieeiieetteetee sttt sttt et e s e bt e sbeeebeesbaeesaeeeane 646
Table 18.9 Timing of On-Chip Supporting ModUules ............cevveeniierieeniienieenieeeiee et 653
Rev.4.00 Sep. 18, 2008 Page lix of Ix

REJ09B0189-0400

RENESAS



Table 18.10 DMAQC TIMING ..cueeruietieiieieiteitieriterte et ettt e st e et site st e sbee et esae st e saeesbeenseensens 656
Table 18.11 D/A Conversion CharaCteriStiCs .........ueruireereenieerieeienieneeneenieenee e etesieesieenieenens 657
Table 18.12 Flash Memory CharaCteriStiCs........cuevteruieriirriirienienieeieete sttt e e 658

Appendix A Instruction Set

Table A.1  Data Transfer INStruCHONS ....cocuveiiiiiiiiiiii et 663
Table A.2  Arithmetic INStIUCHIONS. ....cc.eiiiiiiiieiieie ettt 666
Table A.3  Logical INStIUCIONS......eotieuiiriietieiieie ettt sttt 670
Table A4 Shift INSEIUCLIONS ..couveiuiiiiiiiiiiiieitieeee ettt ettt 671
Table A.5  Bit-Manipulation INStIUCHIONS ....ccc.etirieiniiiirieeiiierieeie et 674
Table A.6  Branch INSIUCLIONS ....ccc.eeevieiiiieniieiiieniee ettt ettt e s 679
Table A.7  System Control INStIUCHONS ......cevviiriieriiiiiieeiee ettt 682
Table A.8  Block Transfer INStruCtIONS ......c..cocueriiiiiiieniieiieieeeeteteeeee et 684
Table A.9  INStrUCION COAES......ccuiruiiiieiiiiieieete ettt ettt st 685
Table A.10  Operation Code Map (1) ..cc.eeoierieririiiie ettt 699
Table A.11  Operation Code Map (2) ..cecueerveerieeiiiieeiee ettt ettt ettt ettt e s e e 700
Table A.12  Operation Code Map (3) ..eecveerreerieeiriieeiee ettt ettt ettt et e e 701
Table A.13  Operation Code Map (4) ..eccueeerierieeiiieeiee ettt ettt ettt e e 702
Table A.14 Number of States Per CYCIe......ccceriiriiiiiiiieiiieeeeeee et 704
Table A.15 Number of Cycles in Instruction EXeCUtion ...........cccceevvevieniencenenneiiienieneeneeene 705
Table A.16 Instruction EXecution CYCIeS.......cooeruiriiriiniiniieiieieeieste sttt 719
Table A.17 Condition Code MOdifiCAtiON. ....c...cierieriiiiiriieeiieeieete e 732

Appendix D Pin States
Table D.1  I/O Port States in Each Processing State ............cccceveererieiieniieneeneeieeieneeneeees 861

Appendix F Product Code Lineup
Table F.1 ~ H8S/2214 Product Code LiNEUP........c.cevvueiriiiiiiiiiiieiiieeiieete et 867

Rev.4.00 Sep. 18,2008 Page Ix of Ix
REJ09B0189-0400
RENESAS



Section 1 Overview

Section 1 Overview

1.1 Overview

The H8S/2214 Group is a microcomputer (MCU: microcomputer unit), built around the H8S/2000
CPU, employing Renesas' proprietary architecture, and equipped with the on-chip peripheral
functions necessary for system configuration.

The H8S/2000 CPU has an internal 32-bit architecture, is provided with sixteen 16-bit general
registers and a concise, optimized instruction set designed for high-speed operation, and can
address a 16-Mbyte linear address space. The instruction set is upward-compatible with H8/300
and H8/300H CPU instructions at the object-code level, facilitating migration from the H8/300,
H8/300L, or H8/300H Series.

On-chip peripheral functions required for system configuration include DMA controller (DMAC)
data transfer controller (DTC) bus masters, ROM and RAM memory, a 16-bit timer-pulse unit
(TPU), watchdog timer (WDT), serial communication interface (SCI), D/A converter, and I/O
ports.

The on-chip ROM is either flash memory (F-ZTAT™™) or masked ROM, with a capacity of 128
kbytes. ROM is connected to the CPU via a 16-bit data bus, enabling both byte and word data to
be accessed in one state. Instruction fetching has been speeded up, and processing speed increased.

Four operating modes, modes 4 to 7, are provided, and there is a choice of single-chip mode or
external expansion mode.

The features of the H8S/2214 Group are shown in table 1.1.

Note: * F-ZTAT is a trademark of Renesas Technology, Corp.

Rev.4.00 Sep. 18,2008 Page 1 of 872
REJ09B0189-0400
RENESAS



Section 1 Overview

Table 1.1  Overview

Item Specification

CPU .

General-register machine

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

High-speed operation suitable for realtime control
— Maximum clock rate 16 MHz

— High-speed arithmetic operations (at 16-MHz operation)
8/16/32-bit register-register add/subtract : 62.5 ns
16 x 16-bit register-register multiply : 1250 ns
32 = 16-bit register-register divide : 1250 ns

Instruction set suitable for high-speed operation

— Sixty-five basic instructions

— 8/16/32-bit move/arithmetic and logic instructions
— Unsigned/signed multiply and divide instructions
— Powerful bit-manipulation instructions

Two CPU operating modes

— Normal mode : 64-kbyte address space (not available in the
H8S/2214 Group)

— Advanced mode : 16-Mbyte address space

Bus controller .

Address space divided into 8 areas, with bus specifications settable
independently for each area

Chip select output possible for each area

Choice of 8-bit or 16-bit access space for each area

2-state or 3-state access space can be designated for each area
Number of program wait states can be set for each area

Burst ROM directly connectable

External bus release function

DMA controller .
(DMAC)

Choice of short address mode or full address mode

Four channels in short address mode

Two channels in full address mode

Transfer possible in repeat mode, block transfer mode, etc.
Can be activated by internal interrupt
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Item Specification

Data transfer e Can be activated by internal interrupt or software

controller (DTC) Multiple transfers or multiple types of transfer possible for one activation

source
e Transfer possible in repeat mode, block transfer mode, etc.
¢ Request can be sent to CPU for interrupt that activated DTC
16-bit timer-pulse e  3-channel 16-bit timer on-chip

unit (TPU) e Pulse I/O processing capability for up to 8 pins
e Automatic 2-phase encoder count capability
Watchdog timer e Watchdog timer or interval timer selectable
(WDT) x 1 channel
Serial ¢ Asynchronous mode or synchronous mode selectable

communication
interface (SCI) x 3
channels (SCIO to

e Multiprocessor communication function

SCI2)
D/A converter ¢ Resolution: 8 bits
e OQOutput: 1 channel
1/O ports e 721/0 pins, 9 input-only pins
Memory ¢ Flash memory or masked ROM: 128 kbytes

e High-speed static RAM: 12 kbytes
Interrupt controller e  Nine external interrupt pins (NMI, IRQO to IRQ7)
Eight external expansion interrupt pins (EXIRQ7 to EXIRQO)
e 31 internal interrupt sources

e Eight priority levels settable

Power-down state e Medium-speed mode
e Sleep mode
e Module stop mode
e Software standby mode
e Hardware standby mode
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Item Specification

Operating modes  Four MCU operating modes
External Data Bus

CPU
Operating On-Chip Initial Maximum
Mode Mode Description ROM Value Value

4 Advanced On-chip ROM disabled Disabled 16 bits 16 bits
expansion mode

5 On-chip ROM disabled Disabled 8 bits 16 bits
expansion mode
6 On-chip ROM enabled Enabled 8 bits 16 bits
expansion mode
7 Single-chip mode Enabled —
Clock pulse Clock pulse generators
generator e System clock pulse generator: 2 to 16 MHz
On-chip duty correction circuit
Packages e 100-pin plastic TQFP (TFP-100B, TFP-100BV, TFP-100G, TFP-100GV)
e 112-pin plastic FBGA (BP-112, BP-112V, TBP-112A, TBP-112AV)
Product lineup Model Name
Masked ROM  F-ZTAT ROM/RAM
Version Version (Bytes) Package Code

HD6432214 HD64F2214 128 k/12 k TFP-100B, TFP-100BV,
TFP-100G, TFP-100GV,
TBP-112A, TBP-112AV,
BP-112, BP-112V

Note: Package codes ending in the letter V designate Pb-free products.
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1.2 Internal Block Diagrams

Figures 1.1 shows internal block diagram of the H8S/2214.
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Figure 1.1 HS8S/2214 Group Internal Block Diagram
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Section 1 Overview

1.3

1.3.1

Figures 1.2 and 1.3 show the pin arrangements of the H8S/2214.

Pin Description

Pin Arrangements
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Figure 1.2 H8S/2214 Group Pin Arrangement

(TFP-100B, TFP-100BV, TFP-100G, TFP-100GV: Top View)
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Figure 1.3 H8S/2214 Group Pin Arrangement
(BP-112, BP-112V, TBP-112A, TBP-112AV: Top View)
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1.3.2 Pin Functions in Each Operating Mode
Table 1.2 shows the pin functions of the H8S/2214 Group in each of the operating modes.

Table 1.2  Pin Functions in Each Operating Mode

Pin No. Pin Name

TFP-100B, BP-112,
TFP-100BV, BP-112V,

TFP-100G, TBP-112A, PROM
TFP-100GV TBP-112AV Mode 4 Mode 5 Mode 6 Mode 7 Mode*
1 B2 PE5/D5 PES5/D5 PE5/D5 PE5 NC
2 B1 PE6/D6 PE6/D6 PE6/D6 PE6 NC
3 D4 PE7/D7 PE7/D7 PE7/D7 PE7 NC
4 c2 D8 D8 D8 PDO DO
5 C1 D9 D9 D9 PD1 D1

6 D3 D10 D10 D10 PD2 D2
7 D2 D11 D11 D11 PD3 D3
8 D1 D12 D12 D12 PD4 D4
9 E4 D13 D13 D13 PD5 D5
10 E3 D14 D14 D14 PD6 D6
11 E1 D15 D15 D15 PD7 D7
12 E2, F3 VCC VCC VCC VCC VCC
13 F1 A0 A0 PCO/A0 PCO A0
14 F2, F4 VSS VSS VSS VSS VSS
15 G1 Al Al PC1/A1 PC1 Al
16 G2 A2 A2 PC2/A2 PC2 A2
17 G3 A3 A3 PC3/A3 PC3 A3
18 H1 A4 A4 PC4/A4 PC4 A4
19 G4 A5 A5 PC5/A5 PC5 A5
20 H2 A6 A6 PC6/A6 PC6 A6
21 J1 A7 A7 PC7/A7 PC7 A7
22 H3 PB0/A8 PB0/A8 PB0/A8 PBO A8
23 J2 PB1/A9 PB1/A9 PB1/A9 PB1 OE
24 K1 PB2/A10 PB2/A10 PB2/A10 PB2 A10
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Pin No. Pin Name

TFP-100B, BP-112,

TFP-100BV, BP-112V,

TFP-100G, TBP-112A, PROM

TFP-100GV TBP-112AV Mode 4 Mode 5 Mode 6 Mode 7 Mode*

25 J3 PB3/A11 PB3/A11 PB3/A11 PB3 Al

26 K2 PB4/A12 PB4/A12 PB4/A12 PB4 A12

27 L2 PB5/A13 PB5/A13 PB5/A13 PB5 A13

28 H4 PB6/A14 PB6/A14 PB6/A14 PB6 Al4

29 K3 PB7/A15 PB7/A15 PB7/A15 PB7 A15

30 L3 PAO/A16 PAO/A16 PAO/A16 PAO A16

31 J4 PA1/A17/TxD2 PA1/A17/TxD2 PA1/A17/TxD2 PA1/TxD2 VCC

32 K4 PA2/A18/RxD2 PA2/A18/RxD2 PA2/A18/RxD2  PA2/RxD2 VCC

33 L4 PA3/A19/SCK2  PA3/A19/SCK2 PA3/A19/SCK2 PA3/SCK2 NC

34 H5 P10/TIOCAO0/A20 P10/TIOCAO0/A20 P10/TIOCA0/A20 P10/TIOCAO NC

35 J5 P11/TIOCB0/A21 P11/TIOCB0/A21 P11/TIOCB0/A21 P11/TIOCBO NC

36 L5 P12/TIOCCO0/ P12/TIOCCO/ P12/TIOCCO0/ P12/TIOCCO0/ NC
TCLKA/A22 TCLKA/A22 TCLKA/A22 TCLKA

37 K5 P13/TIOCDO/ P13/TIOCDO/ P13/TIOCDO/ P13/TIOCDO/ NC
TCLKB/A23 TCLKB/A23 TCLKB/A23 TCLKB

38 J6 P14/TIOCA1/ P14/TIOCA1/ P14/TIOCA1/ P14/TIOCA1/ VSS
IRQO IRQO IRQO IRQO

39 L6 P15/TIOCB1/ P15/TIOCB1/ P15/TIOCB1/ P15/TIOCB1/ NC
TCLKC TCLKC TCLKC TCLKC

40 K6 P16/TIOCA2/ P16/TIOCA2/ P16/TIOCA2/ P16/TIOCA2/ VSS
IRQ1 IRQ1 IRQ1 IRQ1

4 H6 P17/TIOCB2/ P17/TIOCB2/ P17/TIOCB2/ P17/TIOCB2/ NC
TCLKD TCLKD TCLKD TCLKD

42 K7, L7 AVSS AVSS AVSS AVSS VSS

43 J7 Reserve Reserve Reserve Reserve NC

44 L8 P96/DA0 P96/DA0 P96/DA0 P96/DA0 NC

45 H7 P47/EXIRQ6 P47/EXIRQ6 P47/EXIRQ6 P47/EXIRQ6 NC

46 K8 P46/EXIRQ5 P46/EXIRQ5 P46/EXIRQ5 P46/EXIRQ5 NC

47 L9 P45 P45 P45 P45 NC

48 J8 P44/EXIRQ4 P44/EXIRQ4 P44/EXIRQ4 P44/EXIRQ4 NC

49 K9 P43/EXIRQ3 P43/EXIRQ3 P43/EXIRQ3 P43/EXIRQ3 NC
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Pin No. Pin Name
TFP-100B, BP-112,
TFP-100BV, BP-112V,
TFP-100G, TBP-112A, PROM
TFP-100GV TBP-112AV Mode 4 Mode 5 Mode 6 Mode 7 Mode*
50 L10 P42/EXIRQ2 P42/EXIRQ2 P42/EXIRQ2 P42/EXIRQ2 NC
51 K10 P41/EXIRQT P41/EXIRQT P41/EXIRQT P41/EXIRQT NC
52 K11 P40/EXIRQO P40/EXIRQO P40/EXIRQO P40/EXIRQO NC
53 H8 Vref Vref Vref Vref VCC
54 J10 AVCC AVCC AVCC AVCC VCC
55 Ji1 MDO MDO MDO MDO VSS
56 H9 MD1 MD1 MD1 MD1 VSS
57 H10 Reserve Reserve Reserve Reserve NC
58 H11 VSS VSS VSS VSS NC
59 G8 RES RES RES RES VPP
60 G9 NMI NMI NMI NMI A9
61 G11 STBY STBY STBY STBY VSS
62 F9, G10 VCC VCC VCC VCC VCC
63 F11 XTAL XTAL XTAL XTAL NC
64 F8, F10 VSS VSS VSS VSS VSS
65 E11 EXTAL EXTAL EXTAL EXTAL NC
66 E10 FWE FWE FWE FWE FWE
67 E9 MD2 MD2 MD2 MD2 VSS
68 D11 PF7/$ PF7/¢ PF7/$ PF7/$ NC
69 E8 AS AS AS PF6 NC
70 D10 RD RD RD PF5 NC
71 C11 HWR HWR HWR PF4 NC
72 D9 PF3/LWR/IRQ3 PF3/LWR/IRQ3 PF3/LWR/IRQ3 PF3/IRQ3 VCC
73 C10 PF2/WAIT PF2/WAIT PF2/WAIT PF2 CE
74 B11 PF1/BACK PF1/BACK PF1/BACK PF1 PGM
75 C9 PFO/BREQ/IRQ2 PFO/BREQ/IRQ2 PFO/BREQ/IRQ2 PF0/IRQ2 VCC
76 A10 P30/TxDO0 P30/TxDO0 P30/TxDO0 P30/TxDO0 NC
77 D8 P31/RxD1 P31/RxD1 P31/RxD1 P31/RxD1 NC
78 B9 P32/SCKO/IRQ4 P32/SCKO/IRQ4 P32/SCKO/IRQ4 P32/SCKO/RQ4 NC
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Pin No. Pin Name
TFP-100B, BP-112,
TFP-100BV, BP-112V,
TFP-100G, TBP-112A, PROM
TFP-100GV TBP-112AV Mode 4 Mode 5 Mode 6 Mode 7 Mode*
79 A9 P33/TxD1 P33/TxD1 P33/TxD1 P33/TxD1 NC
80 cs8 P34/RxD1 P34/RxD1 P34/RxD1 P34/RxD1 NC
81 B8 P35/SCK1/IRQ5 P35/SCK1/RQ5 P35/SCK1/RQ5 P35/SCK1/IRQ5 NC
82 A8 P36/EXIRQ7 P36/EXIRQ7 P36/EXIRQ7 P36/EXIRQ7 NC
83 D7 P77 P77 P77 P77 NC
84 c7 P76/EXMSTP P76/EXMSTP P76/EXMSTP P76/EXMSTP NC
85 A7 P75/EXMS P75/EXMS P75/EXMS P75/EXMS NC
86 B7 P74/MRES/ P74/MRES/ P74/MRES/ P74/MRES/ NC
EXDTCE EXDTCE EXDTCE EXDTCE
87 cé P73/TEND1/CS7 P73/TEND1/CS7 P73/TEND1/CS7 P73/TENDT NC
88 A6 P72/TENDO/CS6 P72/TENDO/CS6 P72/TENDO/CS6 P72/TENDO NC
89 B6 P71/DREQ1/CS5 P71/DREQ1/CS5 P71/DREQ1/CS5 P71/DREQT NC
90 D6 P70/DREQO/CS4 P70/DREQO/CS4 P70/DREQO/CS4 P70/DREQO NC
91 A5 PGO/IRQ6 PGO/IRQ6 PGO/IRQ6 PGO/IRQ6 NC
92 B5 PG1/CS3/RQ7 PG1/CS3/IRQ7 PG1/CS3/IRQ7 PG1/IRQ7 NC
93 C5 PG2/CS2 PG2/CS2 PG2/CS2 PG2 NC
94 A4 PG3/CST PG3/CST PG3/CST PG3 NC
95 D5 PG4/CS0 PG4/CS0 PG4/CS0 PG4 NC
96 B4 PE0O/DO PEO/DO PE0O/DO PEO NC
97 A3 PE1/D1 PE1/D1 PE1/D1 PE1 NC
98 c4 PE2/D2 PE2/D2 PE2/D2 PE2 NC
99 B3 PE3/D3 PE3/D3 PE3/D3 PE3 NC
100 A2 PE4/D4 PE4/D4 PE4/D4 PE4 VSS
— A1, A11, B10,Reserve Reserve Reserve Reserve Reserve
C3, Jg, L1,
L11
Note: * NC pins must be left open.
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1.3.3 Pin Functions

Table 1.3 outlines the pin functions of the H8S/2214.

Table 1.3  Pin Functions
Type Symbol /10 Name and Function
Power VCC Input  Power supply: For connection to the power supply. All V.
pins should be connected to the system power supply.
VSS Input  Ground: For connection to ground (0 V). All V¢ pins should
be connected to the system power supply (0 V).
Clock XTAL Input  Crystal: Connects to a crystal oscillator. See section 16,
Clock Pulse Generator, for typical connection diagrams for
a crystal oscillator and external clock input.
EXTAL Input  External clock: Connects to a crystal oscillator. The EXTAL
pin can also input an external clock. See section 16, Clock
Pulse Generator, for typical connection diagrams for a
crystal oscillator and external clock input.
) Output System clock: Supplies the system clock to an external
device.
Operating MD2 to Input  Mode pins: These pins set the operating mode. The relation
mode control MDO between the settings of pins MD2 to MDO and the operating

mode is shown below. These pins should not be changed
while the H8S/2214 is operating. Except when the mode is
changed, the mode pins (MD2 to MDO) must be pulled
down or pulled up to a fixed level until powering off.

MD2 MD1 MDO Operating Mode
0 0 0 —
1 —
1 0 —
1 —
1 0 0 Mode 4
1 Mode 5
1 0 Mode 6
1 Mode 7
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Type Symbol /10 Name and Function
System control RES Input  Reset input: When this pin is driven low, the chip enters the
power-on reset state.

MRES Input  Manual reset: When this pin is driven low, the chip enters
the manual reset state.

STBY Input  Standby: When this pin is driven low, a transition is made to
hardware standby mode.

BREQ Input  Bus request: Used by an external bus master to issue a bus
request to the H8S/2214.

BACK Output Bus request acknowledge: Indicates that the bus has been
released to an external bus master.

FWE Input  Flash write enable: Enables/disables flash memory
programming.

Interrupts NMI Input  Nonmaskable interrupt: Requests a nonmaskable interrupt.

When this pin is not used, it should be fixed high.

IRQ7 to Input  Interrupt request 7 to 0: These pins request a maskable
IRQO interrupt.

Address bus A23 to Output Address bus: These pins output an address.
A0

Data bus D15 to 1/0 Data bus: These pins constitute a bidirectional data bus.
DO

Bus control CS7+to Output Chip select: Signals for selecting areas 7 to 0.

CSo

AS Output Address strobe: When this pin is low, it indicates that
address output on the address bus is enabled.

RD Output Read: When this pin is low, it indicates that the external
address space can be read.

HWR Output High write: A strobe signal that writes to external space and
indicates that the upper half (D15 to D8) of the data bus is
enabled.

LWR Output Low write: A strobe signal that writes to external space and
indicates that the lower half (D7 to DO) of the data bus is
enabled.

WAIT Input  Wait: Requests insertion of a wait state in the bus cycle
when accessing external 3-state address space.

External EXIRQ7to Input  External expansion interrupt request 7 to 0: Input pins for
expansion EXIRQO interrupt requests from external modules.

EXMS Output External expansion module select: Select signal for external

modules.
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Type Symbol /10 Name and Function
External EXDTC Output External expansion DTC transfer end: DTC data transfer
expansion end signal for EXIRQ7 to EXIRQO input.

EXMSTP  Output

External expansion module stop: Module stop signal for
external modules.

DMA controller DREQT1, Input

DMA request 1 and 0: These pins request DMAC activation.

(DMAC) DREQO
TEND1, Output DMA transfer end 1 and 0: These pins indicate the end of
TENDO DMAC data transfer.

16-bit timer- TCLKD to Input
pulse unit (TPU) TCLKA

Clock input D to A: These pins input an external clock.

TIOCAO, 1/0 Input capture/output compare match A0 to DO: The TGROA

TIOCBO, to TGROD input capture input or output compare output, or

TIOCCO, PWM output pins.

TIOCDO

TIOCA1, 1/0 Input capture/output compare match A1 and B1: The

TIOCB1 TGR1A and TGR1B input capture input or output compare
output, or PWM output pins.

TIOCA2, 1/0 Input capture/output compare match A2 and B2: The

TIOCB2 TGR2A and TGR2B input capture input or output compare
output, or PWM output pins.

Serial TxD2, Output Transmit data: Data output pins.

communication TxD1,
interface (SCI) TxDO

RxD2, Input  Receive data: Data input pins.

RxD1,

RxDO

SCK2, 1/0 Serial clock: Clock I/O pins.

SCK1

SCKO

D/A converter DAO Output Analog output: D/A converter analog output pins.

AVCC Input  Analog power supply: This is the power supply pin for the
D/A converter. When the D/A converter is not used, this pin
should be connected to the system power supply (VCC).

AVSS Input  Analog ground: This is the ground pin for the D/A converter.
This pin should be connected to the system power supply
(oV).

Vref Input  Analog reference power supply: This is the reference

voltage input pin for the D/A converter. When the D/A
converter is not used, this pin should be connected to the
system power supply (VCC).
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Type Symbol /0 Name and Function
1/0 ports P17 to /10 Port 1: An 8-bit I/O port. Input or output can be designated
P10 for each bit by means of the port 1 data direction register
(P1DDR).
P36 to /10 Port 3: A 7-bit I/O port. Input or output can be designated for
P30 each bit by means of the port 3 data direction register
(P3DDR).
P47 to Input  Port 4: An 8-bit input port.
P40
P77 to /0 Port 7: An 8-bit I/0 port. Input or output can be designated
P70 for each bit by means of the port 7 data direction register
(P7DDR).
P96 Input  Port 9: A 1-bit input port.
PAS to 1/0 Port A: A 4-bit I/O port. Input or output can be designated
PAO for each bit by means of the port A data direction register
(PADDR).
PB7 to 1/0 Port B: An 8-bit I/O port. Input or output can be designated
PBO for each bit by means of the port B data direction register
(PBDDR).
PC7 to /10 Port C: An 8-bit I/O port. Input or output can be designated
PCO for each bit by means of the port C data direction register
(PCDDR).
PD7 to /10 Port D: An 8-bit I/O port. Input or output can be designated
PDO for each bit by means of the port D data direction register
(PDDDR).
PE7 to 1/0 Port E: An 8-bit I/O port. Input or output can be designated
PEO for each bit by means of the port E data direction register
(PEDDR).
PF7 to 1/0 Port F: An 8-bit I/O port. Input or output can be designated
PFO for each bit by means of the port F data direction register
(PFDDR).
PG4 to 1/0 Port G: A 5-bit I/0 port. Input or output can be designated
PGO for each bit by means of the port G data direction register
(PGDDR).
RESERVE RESERVE — Reserved pins: These pins should be open and should not

be connected to any device.
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Section 2 CPU

2.1 Overview

The H8S/2000 CPU is a high-speed central processing unit with an internal 32-bit architecture that
is upward-compatible with the H8/300 and H8/300H CPUs. The H8S/2000 CPU has sixteen 16-bit
general registers, can address a 16-Mbyte (architecturally 4-Gbyte) linear address space, and is
ideal for realtime control.

2.1.1 Features
The H8S/2000 CPU has the following features.

e Upward-compatible with H8/300 and H8/300H CPUs
— Can execute H8/300 and H8/300H object programs
¢ General-register architecture
— Sixteen 16-bit general registers (also usable as sixteen 8-bit registers or eight 32-bit
registers)
o Sixty-five basic instructions
— 8/16/32-bit arithmetic and logic instructions
— Multiply and divide instructions
— Powerful bit-manipulation instructions
o FEight addressing modes
— Register direct [Rn]
— Register indirect [@ERn]
— Register indirect with displacement [@(d:16,ERn) or @(d:32,ERn)]
— Register indirect with post-increment or pre-decrement [ @ ERn+ or @—ERn]
— Absolute address [ @aa:8, @aa:16, @aa:24, or @aa:32]
— Immediate [#xx:8, #xx:16, or #xx:32]
— Program-counter relative [@(d:8,PC) or @(d:16,PC)]
— Memory indirect [@ @aa:8]
e 16-Mbyte address space
— Program: 16 Mbytes
— Data: 16 Mbytes (4 Gbytes architecturally)
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e High-speed operation
— All frequently-used instructions execute in one or two states

— Maximum clock rate : 16 MHz
— 8/16/32-bit register-register add/subtract : 62.5 ns
— 8 x 8-bit register-register multiply : 750 ns
— 16 + 8-bit register-register divide : 750 ns
— 16 x 16-bit register-register multiply : 1250 ns
— 32 + 16-bit register-register divide : 1250 ns

e Two CPU operating modes
— Normal mode™
— Advanced mode
Note: * Not available in the H8S/2214 Group.
e Power-down state
— Transition to power-down state by SLEEP instruction
— CPU clock speed selection

2.1.2 Differences between H8S/2600 CPU and H8S/2000 CPU
The differences between the H8S/2600 CPU and the H8S/2000 CPU are as shown below.

e Register configuration
The MAC register is supported only by the H8S/2600 CPU.
e Basic instructions

The four instructions MAC, CLRMAC, LDMAC, and STMAC are supported only by the
H8S/2600 CPU.

e Number of execution states
The number of exection states of the MULXU and MULXS instructions.

Internal Operation

Instruction Mnemonic H8S/2600 H8S/2000

MULXU MULXU.B Rs, Rd 3 12
MULXU.W Rs, ERd 4 20

MULXS MULXS.B Rs, Rd 4 13
MULXS.W Rs, ERd 5 21
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There are also differences in the address space, CCR and EXR register functions, power-down
state, etc., depending on the product.

2.1.3 Differences from H8/300 CPU

In comparison to the H8/300 CPU, the H8S/2000 CPU has the following enhancements.

More general registers and control registers

— Eight 16-bit expanded registers, plus one 8-bit and two 32-bit control registers, have been
added

Expanded address space

— Normal mode™ supports the same 64-kbyte address space as the H8/300 CPU

— Advanced mode supports a maximum 16-Mbyte address space

Note: * Not available in the H8S/2214 Group.

Enhanced addressing

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

Enhanced instructions

— Addressing modes of bit-manipulation instructions have been enhanced

— Signed multiply and divide instructions have been added

— Two-bit shift instructions have been added

— Instructions for saving and restoring multiple registers have been added

— A test and set instruction has been added

Higher speed

— Basic instructions execute twice as fast

2.14 Differences from H8/300H CPU

In comparison to the H8/300H CPU, the H8S/2000 CPU has the following enhancements.

Additional control register

— One 8-bit and two 32-bit control registers have been added

Enhanced instructions

— Addressing modes of bit-manipulation instructions have been enhanced
— Two-bit shift instructions have been added

— Instructions for saving and restoring multiple registers have been added

— A test and set instruction has been added
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e Higher speed

— Basic instructions execute twice as fast

2.2 CPU Operating Modes

The H8S/2000 CPU has two operating modes: normal™ and advanced. Normal mode supports a
maximum 64-kbyte address space. Advanced mode supports a maximum 16-Mbyte total address
space (architecturally a maximum 16-Mbyte program area and a maximum of 4 Gbytes for
program and data areas combined). The mode is selected by the mode pins of the microcontroller.

Note: * Not available in the H8S/2214 Group.

Maximum 64-kbytes, program
N
Normal mode and data areas combined

CPU operating modes }7

Maximum 16-Mbytes for

4{ Advanced mode | program and data areas
combined

Note: * Not available in the H8S/2214 Group.

Figure 2.1 CPU Operating Modes
(1) Normal Mode (not available in the H8S/2214 Group)
The exception vector table and stack have the same structure as in the H8/300 CPU.

(a) Address Space
A maximum address space of 64 kbytes can be accessed.

(b) Extended Registers (En)

The extended registers (EO to E7) can be used as 16-bit registers, or as the upper 16-bit segments
of 32-bit registers. When En is used as a 16-bit register it can contain any value, even when the
corresponding general register (Rn) is used as an address register. If the general register is
referenced in the register indirect addressing mode with pre-decrement (@—Rn) or post-increment
(@Rn+) and a carry or borrow occurs, however, the value in the corresponding extended register
(En) will be affected.
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(¢) Instruction Set
All instructions and addressing modes can be used. Only the lower 16 bits of effective addresses
(EA) are valid.

(d) Exception Vector Table and Memory Indirect Branch Addresses

In normal mode the top area starting at H'0000 is allocated to the exception vector table. One
branch address is stored per 16 bits. The configuration of the exception vector table in normal
mode is shown in figure 2.2. For details of the exception vector table, see section 4, Exception
Handling.

H'0000
H'0001
H'0002 |
H'0003
H'0004 |
HO0005 1 (Reserved for system use)  --A ,
H'0006 Exception

H'0007 | 1 (" vector table
H'0008 |
H'0009
H'000A|
H'000B

--- Power-on reset exception vector ---

- Manual reset exception vector ---

Exception vector 1

Exception vector 2

O

Figure 2.2 Exception Vector Table (Normal Mode)

The memory indirect addressing mode (@ @aa:8) employed in the JMP and JSR instructions uses
an 8-bit absolute address included in the instruction code to specify a memory operand that
contains a branch address. In normal mode the operand is a 16-bit word operand, providing a 16-
bit branch address. Branch addresses can be stored in the top area from H'0000 to H'OOFF. Note
that this area is also used for the exception vector table.
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(e) Stack Structure

When the program counter (PC) is pushed onto the stack in a subroutine call, and the PC,
condition-code register (CCR), and extended control register (EXR) are pushed onto the stack in
exception handling, they are stored as shown in figure 2.3. When EXR is invalid, it is not pushed
onto the stack. For details, see section 4, Exception Handling.

\_/_\ \_/_\

SP—~| PC SP— EXR*1
(16 bits) o Reserved™! *3

(SP—) CCR

\_/_\ CCR™

I PC -
(16 bits)
a) Subroutine Branch b) Exception Handlin
Y g

Notes: 1. When EXR is not used it is not stored on the stack.
2. SP when EXR is not used.
3. Ignored when returning.

Figure 2.3 Stack Structure in Normal Mode
(2) Advanced Mode

(a) Address Space

Linear access is provided to a 16-Mbyte maximum address space (architecturally a maximum 16-
Mbyte program area and a maximum 4-Gbyte data area, with a maximum of 4 Gbytes for program
and data areas combined).

(b) Extended Registers (En)
The extended registers (EO to E7) can be used as 16-bit registers, or as the upper 16-bit segments
of 32-bit registers or address registers.

(¢) Instruction Set
All instructions and addressing modes can be used.
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(d) Exception Vector Table and Memory Indirect Branch Addresses

In advanced mode the top area starting at H'00000000 is allocated to the exception vector table in
units of 32 bits. In each 32 bits, the upper 8 bits are ignored and a branch address is stored in the
lower 24 bits (figure 2.4). For details of the exception vector table, see section 4, Exception
Handling.

H'00000000 Reserved
Power-on reset exception vector
H'00000003
Hoo000004 | | Reserved |
~ Manual reset exception vector |
H'00000007
H'00000008
1 > Exception vector table
H'0000000B | |
(Reserved for system use)
H'0000000C | |
H'0000O00O10 | Reserved |
Exception vector 1 |

Figure 2.4 Exception Vector Table (Advanced Mode)

The memory indirect addressing mode (@ @aa:8) employed in the JMP and JSR instructions uses
an 8-bit absolute address included in the instruction code to specify a memory operand that
contains a branch address. In advanced mode the operand is a 32-bit longword operand, providing
a 32-bit branch address. The upper 8 bits of these 32 bits are a reserved area that is regarded as
H'00. Branch addresses can be stored in the area from H'00000000 to H'000000FF. Note that the
first part of this range is also the exception vector table.
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(e) Stack Structure
In advanced mode, when the program counter (PC) is pushed onto the stack in a subroutine call,

and the PC, condition-code register (CCR), and extended control register (EXR) are pushed onto

the stack in exception handling, they are stored as shown in figure 2.5. When EXR is invalid, it is

not pushed onto the stack. For details, see section 4, Exception Handling.

SP—+

\_/_\

Reserved

- __ PC -
(24 bits)

(a) Subroutine Branch

2. SP when EXR is not used.
3. Ignored when returning.

\_/_\

SP—+

#2
(SP—)

\_/_\

EXR*1

Reserved™1 *3
CCR

- PC R
(24 bits)

\_/_\

(b) Exception Handling

Notes: 1. When EXR is not used it is not stored on the stack.

Figure 2.5 Stack Structure in Advanced Mode
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23 Address Space

Figure 2.6 shows a memory map of the H8§S/2000 CPU. The H8S/2000 CPU provides linear
access to a maximum 64-kbyte address space in normal mode, and a maximum 16-Mbyte
(architecturally 4-Gbyte) address space in advanced mode. Note that the modes and address spaces
that can actually be used differ between individual products. See section 3, MCU Operating
Modes, for details.

H'0000 H'00000000
64 kbyte
HFFFF 16 Mbyte Program area
H'00FFFFFF Data area
Cannot be
used by the
H8S/2214 Group
H'FFFFFFFF
(a) Normal Mode* (b) Advanced Mode

Note: * Not available in the H8S/2214 Group.

Figure 2.6 Memory Map
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24 Register Configuration

24.1 Overview

The CPU has the internal registers shown in figure 2.7. There are two types of registers: general
registers and control registers.

General Registers (Rn) and Extended Registers (En)

15 07 07 0
ERO EO ROH ROL
ER1 E1 R1H RIL
ER2 E2 R2H RaL
ER3 E3 R3H R3L
ER4 E4 R4H RAL
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L

Control Registers (CR)
23 0
| PC |

76543210
EXR |T|=|—|—|-[12]i1]i0]

76543210
CCR |1 ulH|U|N[Z]V[C]

Legend:

SP: Stack pointer H: Half-carry flag
PC: Program counter uU: User bit

EXR:  Extended control register N: Negative flag
T: Trace bit Z: Zero flag

12 to 10: Interrupt mask bits V: Overflow flag
CCR: Condition-code register C: Carry flag

I: Interrupt mask bit
ul: User bit or interrupt mask bit*

Note: * Inthe H8S/2214 Group, this bit cannot be used as an interrupt mask.

Figure 2.7 CPU Registers
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24.2 General Registers

The CPU has eight 32-bit general registers. These general registers are all functionally alike and
can be used as both address registers and data registers. When a general register is used as a data
register, it can be accessed as a 32-bit, 16-bit, or 8-bit register. When the general registers are used
as 32-bit registers or address registers, they are designated by the letters ER (ERO to ER7).

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

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

Figure 2.8 illustrates the usage of the general registers. The usage of each register can be selected
independently.

* Address registers

e 32-bit registers * 16-bit registers * 8-bit registers
E registers (extended registers)
(EO to E7)

ER registers RH registers
(ERO to ER7) (ROH to R7H)
R registers

(RO to R7)
RL registers
(ROL to R7L)

Figure 2.8 Usage of General Registers
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General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2.9 shows the
stack.

/\/

Free area

SP (ER7) —»

Stack area

/\/

Figure 2.9 Stack

243 Control Registers

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

(1) Program Counter (PC)

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

(2) Extended Control Register (EXR)
This 8-bit register contains the trace bit (T) and interrupt mask bit (I).

Bit 7—Trace Bit (T): Selects trace mode. When this bit is cleared to 0, instructions are executed
in sequence. When this bit is set to 1, a trace exception is generated each time an instruction is
executed.

Bits 6 to 3—Reserved: These bits are reserved. They are always read as 1.
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Bits 2 to 0—Interrupt Mask Bits (I2 to 10): These bits designate the interrupt mask level (0 to
7). For details, refer to section 5, Interrupt Controller.

Operations can be performed on the EXR bits by the LDC, STC, ANDC, ORC, and XORC
instructions. All interrupts, including NMI, are disabled for three states after one of these
instructions is executed, except for STC.

(3) Condition-Code Register (CCR)

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

Bit 7—Interrupt Mask Bit (I): Masks interrupts other than NMI when set to 1. (NMI is accepted
regardless of the I bit setting.) The I bit is set to 1 by hardware at the start of an exception-
handling sequence. For details, refer to section 5, Interrupt Controller.

Bit 6—User Bit or Interrupt Mask Bit (UI): Can be written and read by software using the
LDC, STC, ANDC, ORC, and XORC instructions. With the H8S/2214 Group, this bit cannot be
used as an interrupt mask bit.

Bit 5—Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or NEG.B
instruction is executed, this flag is set to 1 if there is a carry or borrow at bit 3, and cleared to 0
otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is executed, the H flag is
set to 1 if there is a carry or borrow at bit 11, and cleared to 0 otherwise. When the ADD.L,
SUB.L, CMP.L, or NEG.L instruction is executed, the H flag is set to 1 if there is a carry or
borrow at bit 27, and cleared to O otherwise.

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

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

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

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

e Add instructions, to indicate a carry
e Subtract instructions, to indicate a borrow

e Shift and rotate instructions, to indicate a carry
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The carry flag is also used as a bit accumulator by bit manipulation instructions.

Some instructions leave some or all of the flag bits unchanged. For the action of each instruction
on the flag bits, refer to appendix A.1, Instruction List.

Operations can be performed on the CCR bits by the LDC, STC, ANDC, ORC, and XORC
instructions. The N, Z, V, and C flags are used as branching conditions for conditional branch
(Bcc) instructions.

244 Initial Register Values

Reset exception handling loads the CPU’s program counter (PC) from the vector table, clears the
trace bit in EXR to 0, and sets the interrupt mask bits in CCR and EXR to 1. The other CCR bits
and the general registers are not initialized. In particular, the stack pointer (ER7) is not initialized.
The stack pointer should therefore be initialized by an MOV.L instruction executed immediately
after a reset.
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2.5 Data Formats

The CPU can process 1-bit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit (longword) data.
Bit-manipulation instructions operate on 1-bit data by accessing bitn (n =0, 1, 2, ..., 7) of byte
operand data. The DAA and DAS decimal-adjust instructions treat byte data as two digits of 4-bit

BCD data.

2.5.1 General Register Data Formats

Figures 2.10 and 2.11 show the data formats in general registers.

Data Type

1-bit data

1-bit data

4-bit BCD data

4-bit BCD data

Byte data

Byte data

Legend:

Register Number

RnH

RnL

RnH

RnL

RnH

RnL

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

Data Format

7 43 0

Figure 2.10 General Register Data Formats (1)
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Data Type Register Number Data Format
Word data Rn 15
MSB
Word data En
15 0
MSB LSB
Longword data ERn
31 16 15
MSB En
Legend:

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

Figure 2.11 General Register Data Formats (2)
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2.5.2 Memory Data Formats

Figure 2.12 shows the data formats in memory. The CPU can access word data and longword data
in memory, but word or longword data must begin at an even address. If an attempt is made to
access word or longword data at an odd address, no address error occurs but the least significant
bit of the address is regarded as 0, so the access starts at the preceding address. This also applies to

instruction fetches.

Data Type

1-bit data

Byte data

Word data

Longword data

Address

Address L

Address L

Address 2M
Address 2M + 1

Address 2N
Address 2N + 1
Address 2N + 2
Address 2N + 3

Data Format

7 0
7/6|5]4|3|2/1]0
MSB: 'LSB

MSB:
| LSB

MSB:
'LSB

Figure 2.12 Memory Data Formats

When ER7 is used as an address register to access the stack, the operand size should be word size

or longword size.
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2.6 Instruction Set

2.6.1 Overview

The H8S/2000 CPU has 65 types of instructions. The instructions are classified by function in
table 2.1.

Table 2.1 Instruction Classification

Function Instructions Size  Types
Data transfer MOV BWL 5
POP™', PUSH™' WL
LDM*®, STM*® L
MOVFPE, MOVTPE™*® B
Arithmetic ADD, SUB, CMP, NEG BWL 19
operations ADDX, SUBX, DAA, DAS B
INC, DEC BWL
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS BW
EXTU, EXTS WL
TAS™ B
Logic operations AND, OR, XOR, NOT BWL
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR BWL
Bit manipulation BSET, BCLR, BNOT, BTST, BLD, BILD, BST, BIST, BAND, B 14
BIAND, BOR, BIOR, BXOR, BIXOR
Branch Bcc™, JMP, BSR, JSR, RTS —
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP —
Block data transfer EEPMOQOV — 1
Total: 65

Notes: B: Byte size; W: Word size; L: Longword size.

1. POP.W Rn and PUSH.W Rn are identical to MOV.W @SP+, Rn and MOV.W Rn,
@-SP. POP.L ERn and PUSH.L ERn are identical to MOV.L @ SP+, ERn and MOV.L
ERn, @-SP.

Bcc is the general name for conditional branch instructions.

Cannot be used in the H8S/2214 Group.

This instruction should be used with the ERO, ER1, ER4, or ER5 general register only.
The STM/LDM instructions may only be used with the ERO to ER6 registers.

ok 0D
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2.6.2 Instructions and Addressing Modes

Table 2.2 indicates the combinations of instructions and addressing modes that the H8S/2600 CPU
can use.

Table 2.2  Combinations of Instructions and Addressing Modes
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2.6.3 Table of Instructions Classified by Function

Table 2.3 summarizes the instructions in each functional category. The notation used in table 2.3
is defined below.

Operation Notation

Rd General register (destination)™
Rs General register (source)™

Rn General register”

ERn General register (32-bit register)
(EAd) Destination operand

(EAS) Source operand

EXR Extended control register

CCR Condition-code register

N N (negative) flag in CCR

V4 Z (zero) flag in CCR

\ V (overflow) flag in CCR
C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

x Multiplication

+ Division

A Logical AND

v Logical OR

@ Logical exclusive OR

- Move

- NOT (logical complement)
:8/:16/:24/:32 8-, 16-, 24-, or 32-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 registers (ERO to ER7).
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Table 2.3  Instructions Classified by Function

Type Instruction

Size™

Function

Data transfer 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

Cannot be used in the H8S/2214.

MOVTPE

Cannot be used in the H8S/2214.

POP

W/L

@SP+ — Rn

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

PUSH

W/L

Rn » @-SP

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

LDM™*?

@SP+ — Rn (register list)
Pops two or more general registers from the stack.

STM*

Rn (register list) > @-SP
Pushes two or more general registers onto the stack.
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Type Instruction Size™  Function
Arithmetic ADD B/W/L Rd=xRs— Rd, Rdzx#MM— Rd
operations SuB 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
byte 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
byte data in two general registers, or on immediate data
and data in a general register.
INC BW/L Rdx1->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 the CCR to produce 4-bit
BCD data.
MULXU B/W Rd x Rs - Rd
Performs unsigned multiplication on data in two general
registers: either 8 bits x 8 bits — 16 bits or 16 bits x
16 bits — 32 bits.
MULXS B/W Rd x Rs - Rd
Performs signed multiplication on data in two general
registers: either 8 bits x 8 bits — 16 bits or 16 bits x
16 bits — 32 bits.
DIVXU B/W Rd + Rs > Rd

Performs unsigned division on data in two general
registers: either 16 bits + 8 bits — 8-bit quotient and 8-bit
remainder or 32 bits + 16 bits — 16-bit quotient and 16-
bit remainder.
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Type Instruction Size®™  Function
Arithmetic DIVXS B/W Rd + Rs - Rd
operations 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
bits according to the result.
NEG B/W/L 0-Rd— Rd
Takes the two’s complement (arithmetic complement) of
data in a general register.
EXTU W/L Rd (zero extension) —» Rd
Extends the lower 8 bits of a 16-bit register to word size,
or the lower 16 bits of a 32-bit register to longword size,
by padding with zeros on the left.
EXTS W/L Rd (sign extension) — Rd
Extends the lower 8 bits of a 16-bit register to word size,
or the lower 16 bits of a 32-bit register to longword size,
by extending the sign bit.
TAS™ B @ERd -0, 1 — (<bit 7> of @ERd)

Tests memory contents, and sets the most significant bit
(bit 7) to 1.

Rev.4.00 Sep. 18, 2008 Page 40 of 872

REJ09B0189-0400

RENESAS



Section2 CPU

Type Instruction Size™  Function
Logic AND B/W/L RdARs—>Rd, RdAa#IMM — Rd
operations Performs a logical AND operation on a general register
and another general register or immediate data.
OR B/W/L RdvRs—Rd, Rdv#IMM — Rd

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

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

NOT B/W/L - (Rd) — (Rd)
Takes the one’s complement of general register
contents.
Shift SHAL B/W/L  Rd (shift) - Rd
operations SHAR Performs an arithmetic shift on general register contents.
1-bit or 2-bit shift is possible.
SHLL B/W/L  Rd (shift) - Rd
SHLR Performs a logical shift on general register contents.
1-bit or 2-bit shift is possible.
ROTL B/W/L  Rd (rotate) -» Rd
ROTR Rotates general register contents.
1-bit or 2-bit rotation is possible.
ROTXL B/W/L  Rd (rotate) -» Rd
ROTXR Rotates general register contents through the carry flag.

1-bit or 2-bit rotation is possible.
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Type Instruction

Size™

Function

Bit- BSET
manipulation
instructions

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 three bits of a general
register.

BCLR

0 — (<bit-No.> of <EAd>)

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

BNOT

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

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

BTST

- (<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 three bits of a general register.

BAND

BIAND

C A (<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.

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

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

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

BOR

BIOR

C v (<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.

C v - (<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.
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Type Instruction Size™  Function
Bit- BXOR B C @ (<bit-No.> of <EAd>) — C
manipulation Exclusive-ORs the carry flag with a specified bit in a
instructions general register or memory operand and stores the
result in the carry flag.
BIXOR B C ® - (<bit-No.> of <EAd>) - C

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

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

BLD B (<bit-No.> of <EAd>) —» C
Transfers a specified bit in a general register or memory
operand to the carry flag.

BILD B - (<bit-No.> of <EAd>) — C
Transfers the inverse of a specified bit in a general
register or memory operand to the carry flag.
The bit number is specified by 3-bit immediate data.

BST B C — (<bit-No.> of <EAd>)
Transfers the carry flag value to a specified bit in a
general register or memory operand.

BIST B - C — (<bit-No.> of <EAd>)
Transfers the inverse of the carry flag value to a
specified bit in a general register or memory operand.
The bit number is specified by 3-bit immediate data.
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Type Instruction Size Function
Branch Bcc — Branches to a specified address if a specified condition
instructions is true. The branching conditions are listed below.
Mnemonic Description Condition
BRA(BT) Always (true) Always
BRN(BF) Never (false) Never
BHI High Cvz=0
BLS Low or same Cvz=1
BCC(BHS) Carry clear C=0
(high or same)
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 NeV=0
BLT Less than NeV=1
BGT Greater than Zv(N®eV)=0
BLE Less or equal Zv(NeV)=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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Type

Instruction

Size™

1

Function

System control
instructions

TRAPA

Starts trap-instruction exception handling.

RTE

Returns from an exception-handling routine.

SLEEP

Causes a transition to a power-down state.

LDC

B/W

(EAs) —» CCR, (EAs) -» EXR

Moves the source operand contents or immediate data
to CCR or EXR. Although CCR and EXR are 8-bit
registers, word-size transfers are performed between
them and memory. The upper 8 bits are valid.

STC

B/W

CCR — (EAd), EXR — (EAd)

Transfers CCR or EXR contents to a general register or
memory. Although CCR and EXR are 8-bit registers,
word-size transfers are performed between them and
memory. The upper 8 bits are valid.

ANDC

CCR A #IMM — CCR, EXR A #IMM — EXR
Logically ANDs the CCR or EXR contents with
immediate data.

ORC

CCR v #IMM — CCR, EXR v #IMM — EXR
Logically ORs the CCR or EXR contents with immediate
data.

XORC

CCR @ #IMM — CCR, EXR @ #IMM — EXR
Logically exclusive-ORs the CCR or EXR contents with
immediate data.

NOP

PC+2—>PC
Only increments the program counter.
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Type Instruction Size Function
Block data EEPMOV.B — if R4L = 0 then
transfer Repeat @ER5+ —» @ER6+
instruction R4L-1 —» R4L
Until R4L =0
else next;
EEPMOV.W — if R4 = 0 then
Repeat @ER5+ - @ER6+
R4-1 —» R4
UntilR4 =0
else next;

Transfers a data block according to parameters set in
general registers R4L or R4, ER5, and ERG6.

R4L or R4: size of block (bytes)
ERS5: starting source address
ERG6: starting destination address

Execution of the next instruction begins as soon as the
transfer is completed.

Notes: 1. Size refers to the operand size.

B: Byte
W: Word
L: Longword

2. The STM/LDM instructions may only be used with the ERO to ERG6 registers.
3. This instruction should be used with the ERO, ER1, ER4, or ER5 general register only.

Rev.4.00 Sep. 18, 2008 Page 46 of 872

REJ09B0189-0400

RENESAS



Section2 CPU

2.6.4 Basic Instruction Formats

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

Figure 2.13 shows examples of instruction formats.

(1) Operation field only

op NOP, RTS, etc.

(2) Operation field and register fields

op mn rm ADD.B Rn, Rm, etc.

(3) Operation field, register fields, and effective address extension

op m rm

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

EA (disp)

(4) Operation field, effective address extension, and condition field

op cc EA (disp) BRA d:16, etc

Figure 2.13 Instruction Formats (Examples)
(1) Operation Field

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

(2) Register Field

Specifies a general register. Address registers are specified by 3 bits, data registers by 3 bits or 4
bits. Some instructions have two register fields. Some have no register field.
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(3) Effective Address Extension
Eight, 16, or 32 bits specifying immediate data, an absolute address, or a displacement.
(4) Condition Field

Specifies the branching condition of Bcc instructions.

2.6.5 Notes on Use of Bit-Manipulation Instructions

The BSET, BCLR, BNOT, BST, and BIST instructions read a byte of data, carry out bit
manipulation, then write back the byte of data. Caution is therefore required when using these
instructions on a register containing write-only bits, or a port.

The BCLR instruction can be used to clear internal I/O register flags to 0. In this case, the relevant
flag need not be read beforehand if it is clear that it has been set to 1 in an interrupt handling
routine, etc.

See section 2.10.3, Bit Manipulation Instructions Usage Notes, for details.

2.7 Addressing Modes and Effective Address Calculation

2.7.1 Addressing Mode

The CPU supports the eight addressing modes listed in table 2.4. 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 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.
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Table 2.4  Addressing Modes

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

(1) Register Direct—Rn

The register field of the instruction specifies an 8-, 16-, or 32-bit general 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) which contains the
address of the operand on memory. If the address is a program instruction address, the lower 24
bits are valid and the upper 8 bits are all assumed to be 0 (H'00).

(3) Register Indirect with Displacement—@(d:16, ERn) or @(d:32, ERn)

A 16-bit or 32-bit displacement contained in the instruction is added to an address register (ERn)
specified by the register field of the instruction, and the sum gives the address of a memory
operand. A 16-bit displacement is sign-extended when added.

(4) Register Indirect with Post-Increment or Pre-Decrement— @ERn+ or @-ERn

e Register indirect with post-increment—@ERn+
The register field of the instruction code specifies an address register (ERn) which contains the
address of a memory operand. After the operand is accessed, 1, 2, or 4 is added to the address
register contents and the sum is stored in the address register. The value added is 1 for byte
access, 2 for word transfer instruction, or 4 for longword transfer instruction. For word or
longword transfer instruction, the register value should be even.
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e Register indirect with pre-decrement—@-ERn

The value 1, 2, or 4 is subtracted from an address register (ERn) specified by the register field
in the instruction code, and the result becomes 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 transfer
instruction, or 4 for longword transfer instruction. For word or longword transfer instruction,
the register value should be even.

(5) Absolute Address—@aa:8, @aa:16, @aa:24, or @aa:32

The instruction code contains the absolute address of a memory operand. The absolute address
may be 8 bits long (@aa:8), 16 bits long (@aa:16), 24 bits long (@aa:24), or 32 bits long
(@aa:32).

To access data, the absolute address should be 8 bits (@aa:8), 16 bits (@aa:16), or 32 bits
(@aa:32) long. For an 8-bit absolute address, the upper 24 bits are all assumed to be 1
(H'FFFFFF). For a 16-bit absolute address the upper 16 bits are a sign extension. A 32-bit absolute
address can access the entire address space.

A 24-bit absolute address (@aa:24) indicates the address of a program instruction. The upper 8
bits are all assumed to be 0 (H'00).

Table 2.5 indicates the accessible absolute address ranges.

Table 2.5  Absolute Address Access Ranges

Absolute Address Normal Mode* Advanced Mode
Data address 8 bits (@aa:8) H'FFO0 to H'FFFF H'FFFFO0O0 to H'FFFFFF

16 bits (@aa:16)  H'0000 to HFFFF  H'000000 to H'007FFF,
H'FF8000 to H'FFFFFF

32 bits (@aa:32) H'000000 to H'FFFFFF

Program instruction 24 bits (@aa:24)
address

Note: * Not available in the H8S/2214 Group.
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(6) Immediate—#xx:8, #xx:16, or #xx:32

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

The ADDS, SUBS, INC, and DEC instructions contain immediate data implicitly. Some bit
manipulation instructions contain 3-bit immediate data in the instruction code, specifying a bit
number. The TRAPA instruction contains 2-bit immediate data in its instruction code, specifying a
vector address.

(7) Program-Counter Relative—@(d:8, PC) or @(d:16, PC)

This mode is used in the Bcc and BSR instructions. An 8-bit or 16-bit displacement contained in
the instruction is sign-extended and added to the 24-bit PC contents to generate a branch address.
Only the lower 24 bits of this branch address are valid; the upper 8 bits are all assumed to be 0
(H'00). The PC value to which the displacement is added is the address of the first byte of the next
instruction, so the possible branching range is —126 to +128 bytes (=63 to +64 words) or —32766 to
+32768 bytes (—16383 to +16384 words) from the branch instruction. The resulting value should
be an even number.

(8) Memory Indirect—@ @aa:8

This mode can be used by the JMP and JSR instructions. The instruction code contains an 8-bit
absolute address specifying a memory operand. This memory operand contains a branch address.
The upper bits of the absolute address are all assumed to be 0, so the address range is 0 to 255
(H'0000 to H'OOFE™ in normal mode, H'000000 to H'0000EF in advanced mode). In normal mode
the memory operand is a word operand and the branch address is 16 bits long. In advanced mode
the memory operand is a longword operand, the first byte of which is assumed to be all 0 (H'00).

Note that the first part of the address range is also the exception vector area. For further details,
refer to section 4, Exception Handling.

Note: * Not available in the H8S/2214 Group.

Rev.4.00 Sep. 18, 2008 Page 51 of 872
REJ09B0189-0400
RENESAS



Section2 CPU

\_/\ \_/\

Specified Specified Reserved
by @aa:8 | Branch address  ---- by @aa:8

\/\

Branch address

(a) Normal Mode* (b) Advanced Mode

Note: * Not available in the H8S/2214 Group.

Figure 2.14 Branch Address Specification in Memory Indirect Mode

If an odd address is specified in word or longword memory access, or as a branch address, the
least significant bit is regarded as 0, causing data to be accessed or instruction code to be fetched
at the address preceding the specified address. (For further information, see section 2.5.2, Memory
Data Formats.)

2.7.2 Effective Address Calculation

Table 2.6 indicates how effective addresses are calculated in each addressing mode. In normal
mode the upper 8 bits of the effective address are ignored in order to generate a 16-bit address.
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Effective Address Calculation

Table 2.6
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2.8 Processing States

2.8.1 Overview

The CPU has five main processing states: the reset state, exception handling state, program
execution state, bus-released state, and power-down state. Figure 2.15 shows a diagram of the
processing states. Figure 2.16 indicates the state transitions.

Reset state

The CPU and all on-chip supporting modules have been
initialized and are stopped.

Exception-handling
state

A transient state in which the CPU changes the normal
processing flow in response to a reset, interrupt, or trap

instruction.
Processing Program execution
states state

The CPU executes program instructions in sequence.

Bus-released state

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

Sleep mode

Software standby

Power-down state

mode

CPU operation is stopped

to conserve power.* Hardware standby
mode

Note: * The power-down state also includes a medium-speed mode and module stop mode.
See section 17, Power-Down Modes, for details.

Figure 2.15 Processing States

Rev.4.00 Sep. 18, 2008 Page 56 of 872
REJ09B0189-0400
RENESAS




Section2 CPU

End of bus request

Bus request

state
End of bus
request
Bus
request SLEEP
Y instruction
with
Bus-released state SSBY =1
Request for !
EQgegt(ion exception :
handling handling :
Interrupt .
request !
Exception-handling state '
External interrupt .
I RES = high ;
MRES = high :
STBY = high, RES =

Manual reset state™"

Reset state

state

Program execution

Power-on reset

SLEEP
instruction

with
SSBY =0

Sleep mode

Software standby mode

low

Hardware standby mode™?

Low Power States

Notes: 1. From any state except hardware standby mode, a transition to the power-on reset state occurs whenever
RES goes low. From any state except hardware standby mode and the power-on reset state, a transition
to the manual reset state occurs whenever MRES goes low. A transition can also be made to the reset
state when the watchdog timer overflows.

2. From any state, a transition to hardware standby mode occurs when STBY goes low.

Figure 2.16 State Transitions

2.8.2 Reset State

When the RES input goes low all current processing stops and the CPU enters the power-on reset
state. When the MRES input goes low, the CPU enters the manual reset state. All interrupts are
disabled in the reset state. Reset exception handling starts when the RES or MRES signal changes

from low to high.

The reset state can also be entered by a watchdog timer overflow. For details, refer to section 11,

Watchdog Timer (WDT).
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2.8.3

Exception-Handling State

The exception-handling state is a transient state that occurs when the CPU alters the normal
processing flow due to a reset, interrupt, or trap instruction. The CPU fetches a start address
(vector) from the exception vector table and branches to that address.

(1) Types of Exception Handling and Their Priority

Exception handling is performed for resets, traces, interrupts, and trap instructions. Table 2.7
indicates the types of exception handling and their priority. Trap instruction exception handling is
always accepted, in the program execution state.

Exception handling and the stack structure depend on the interrupt control mode set in SYSCR.

Table 2.7 Exception Handling Types and Priority
Priority Type of Exception Detection Timing Start of Exception Handling
High Reset Synchronized with clock  Exception handling starts
4 immediately after a low-to-high
transition at the RES or MRES
pin, or when the watchdog timer
overflows.

Trace End of instruction When the trace (T) bit is set to
execution or end of 1, the trace starts at the end of
exception-handling the current instruction or current
sequence™ exception-handling sequence

Interrupt End of instruction When an interrupt is requested,
execution or end of exception handling starts at the
exception-handling end of the current instruction or
sequence™ current exception-handling

sequence

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

Low executed™
Notes: 1. Traces are enabled only in interrupt control mode 2. Trace exception-handling is not
executed at the end of the RTE instruction.
2. Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC instructions,
or immediately after reset exception handling.
3. Trap instruction exception handling is always accepted, in the program execution state.
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(2) Reset Exception Handling

After the RES or MRES pin has gone low and the reset state has been entered, reset exception
handling starts when RES or MRES goes high again. The CPU enters the power-on reset state
when the RES pin is low, and the manual reset state when the MRES pin is low. When reset
exception handling starts the CPU fetches a start address (vector) from the exception vector table
and starts program execution from that address. All interrupts, including NMI, are disabled during
reset exception handling and after it ends.

(3) Traces

Traces are enabled only in interrupt control mode 2. Trace mode is entered when the T bit of EXR
is set to 1. When trace mode is established, trace exception handling starts at the end of each
instruction.

At the end of a trace exception-handling sequence, the T bit of EXR is cleared to 0 and trace mode
is cleared. Interrupt masks are not affected.

The T bit saved on the stack retains its value of 1, and when the RTE instruction is executed to
return from the trace exception-handling routine, trace mode is entered again. Trace exception-
handling is not executed at the end of the RTE instruction.

Trace mode is not entered in interrupt control mode 0, regardless of the state of the T bit.
(4) Interrupt Exception Handling and Trap Instruction Exception Handling

When interrupt or trap-instruction exception handling begins, the CPU references the stack pointer
(ER7) and pushes the program counter and other control registers onto the stack. Next, the CPU
alters the settings of the interrupt mask bits in the control registers. Then the CPU fetches a start
address (vector) from the exception vector table and program execution starts from that start
address.

Figure 2.17 shows the stack after exception handling ends.
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Normal mode™2

SP—+

CCR

CCR™*!

PC
(16 bits)

\\\\__,///////’—\\\\

(a) Interrupt control mode 0

Advanced mode

SP—

(c) Interrupt control mode 0

Notes: 1. Ignored when returning.

2. Not available in the H8S/2214 Group.

SP—

SP—

\\\\__,////////_\\\\

EXR
Reserved™

CCR

CCR*!

PC
(16 bits)

\\\\_’///////ﬁ‘\\\

(b) Interrupt control mode 2

\\\\__,////////_\\\\

EXR
Reserved™!
CCR

L _ PC R,
L (24 bits) L

\\\\_’///////ﬁ‘\\\

(d) Interrupt control mode 2

Figure 2.17 Stack Structure after Exception Handling (Examples)
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2.84 Program Execution State

In this state the CPU executes program instructions in sequence.

2.8.5 Bus-Released State

This is a state in which the bus has been released in response to a bus request from a bus master
other than the CPU. While the bus is released, the CPU halts operations.

There are two other bus masters in addition to the CPU: the DMA controller (DMAC) and data
transfer controller (DTC).

For further details, refer to section 6, Bus Controller.

2.8.6 Power-Down State

The power-down state includes both modes in which the CPU stops operating and modes in which
the CPU does not stop. There are five modes in which the CPU stops operating: sleep mode,
software standby mode, and hardware standby mode. There are also three other power-down
modes: medium-speed mode, module stop mode, and subactive mode. In medium-speed mode the
CPU and other bus masters operate on a medium-speed clock. Module stop mode permits halting
of the operation of individual modules, other than the CPU. For details, refer to section 17, Power-
Down Modes.

(1) Sleep Mode

A transition to sleep mode is made if the SLEEP instruction is executed while the SSBY bit in
SBYCR and the LSON bit in LPWRCR are both cleared to 0. In sleep mode, CPU operations stop
immediately after execution of the SLEEP instruction. The contents of CPU registers are retained.

(2) Software Standby Mode

A transition to software standby mode is made if the SLEEP instruction is executed while the
SSBY bit in SBYCR is set to 1, and the LSON bit in LPWRCR and the PSS bit in TCSR (WDT1)
are both cleared to 0. In software standby mode, the CPU and clock halt and all MCU operations
stop. As long as a specified voltage is supplied, the contents of CPU registers and on-chip RAM
are retained. The I/O ports also remain in their existing states.

(3) Hardware Standby Mode

A transition to hardware standby mode is made when the STBY pin goes low. In hardware
standby mode, the CPU and clock halt and all MCU operations stop. The on-chip supporting
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modules are reset, but as long as a specified voltage is supplied, on-chip RAM contents are
retained.

29 Basic Timing

2.9.1 Overview

The CPU is driven by a system clock, denoted by the symbol ¢. The period from one rising edge
of ¢ to the next is referred to as a “state”. The memory cycle or bus cycle consists of one, two, or
three states. Different methods are used to access on-chip memory, on-chip supporting modules,

and the external address space.

2.9.2 On-Chip Memory (ROM, RAM)

On-chip memory is accessed in one state. The data bus is 16 bits wide, permitting both byte and
word transfer instruction. Figure 2.18 shows the on-chip memory access cycle. Figure 2.19 shows
the pin states.

Bus cycle

Internal address bus X Address X

Internal read signal \ /:

Read

access ‘
Internal data bus ‘ < Read data >—
Internal write signal N\ /

Write ! !

access

N

Internal data bus

Write data >—

Figure 2.18 On-Chip Memory Access Cycle
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Bus cycle

o

Address bus Unchanged

AS High

RD High

HWR, LWR High

Data bus high-impedance statei

Figure 2.19 Pin States during On-Chip Memory Access
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293 On-Chip Supporting Module Access Timing

The on-chip supporting modules are accessed in two states. The data bus is either 8 bits or 16 bits
wide, depending on the particular internal I/O register being accessed. Figure 2.20 shows the
access timing for the on-chip supporting modules. Figure 2.21 shows the pin states.

Bus cycle

Internal address bus >< Address ><
Internal read signal A\ /
Read
access ‘ |
Internal data bus : < Read data >—

Internal write signal ! \ 3/
Write |

access ! ! !
Internal data bus < Write data >—

Figure 2.20 On-Chip Supporting Module Access Cycle
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Bus cycle

Address bus | Unchanged

AS Hijgh

RD Hi:gh

HWR, LWR ! Hi:gh

Data bus High-impec:jance state

Figure 2.21 Pin States during On-Chip Supporting Module Access

294 External Address Space Access Timing

The external address space is accessed with an 8-bit or 16-bit data bus width in a two-state or
three-state bus cycle. In three-state access, wait states can be inserted. For further details, refer to
section 6, Bus Controller.

2.10  Usage Notes

2.10.1 TAS Instruction

Only register ER0O, ER1, ER4, or ERS should be used when using the TAS instruction. The TAS
instruction is not generated by the Renesas Technology H8S and H8/300 Series C/C++ compilers.
If the TAS instruction is used as a user-defined intrinsic function, ensure that only register ERO,
ER1, ER4, or ER5 is used.
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2.10.2 STM/LDM Instruction Usage

With the STM or LDM instruction, the ER7 register is used as the stack pointer, and thus cannot
be used as a register that allows save (STM) or restore (LDM) operation.

With a single STM or LDM instruction, two to four registers can be saved or restored. The
available registers are as follows:

For two registers: ERO and ER1, ER2 and ER3, or ER4 and ERS5
For three registers: ERO to ER2, or ER4 to ER6
For four registers: ERO to ER3

For the Renesas Technology H8S or H8/300 Series C/C++ Compiler, the STM/LDM instruction
including ER7 is not created.

2.10.3  Bit Manipulation Instructions

When a register that includes write-only bits is manipulated by a bit manipulation instruction,
there are cases where the bits manipulated are not manipulated correctly or bits unrelated to the
bits manipulated are changed.

When a register containing write-only bits is read, the value read is either a fixed value or an
undefined value. This means that the bit manipulation instructions that use the value of bits read in
their operation (BNOT, BTST, BAND, BIAND, BOR, BIOR, BXOR, BIXOR, BLD, and BILD)
will not perform correct bit operations.

Also, bit manipulation instructions that perform a write operation on the data read after the
calculation (BSET, BCLR, BNOT, BST, and BIST) may change bits unrelated to the bits
manipulated. Thus extreme care is required when performing bit manipulation instructions on
registers that include write-only bits.

The BSET, BCLR, BNOT, BST, and BIST instructions perform their operations in the following
order.

1. Read the data in byte units
2. Perform the bit manipulation operation according to the instruction on the data read.
3. Write the data back in byte units
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Example: Using the BCLR instruction to clear only P14 in the port 1 PIDDR register.

The P1DDR register consists of 8 write-only bits and sets the I/O direction of the port 1 pins.
Reading this register is invalid. When read, the values returned are undefined.

Here we present an example in which P14 is specified to be an input port using the BCLR
instruction. Currently, P17 to 14 are set to be output pins and P13 to P10 are set to be input pins.
At this point, the value of PIDDR is H'FO.

P17 P16 P15 P14 P13 P12 P11 P10
I/0 Output | Output | Output | Output Input Input Input Input
P1DDR 1 1 1 1 0 0 0 0

To switch P14 from the Output pin to the input pin function, the value of PIDDR bit 4 must be
changed from 1 to 0 (H'FO — H'EO). Here we assume that the BCLR instruction is used to clear
P1DDR bit 4.

BCLR  #4, @PIDDR

However if a bit manipulation instruction of the type shown above is used on PIDDR, which is a
write-only register, the following problem may occur.

Although the first thing that happens is that data is read from P1DDR in byte units, the value read
at this time is undefined. An undefined value is a value that is either O or 1 in the register but reads
out as an arbitrary value whose relationship to the actual value is unknown. Since the P1DDR bits
are all write-only bits, every bit reads out as an undefined value. Although the actual value of
P1DDR at this point is H'FO, assume that bit 3 becomes a 1 here, and the value read out is H'FS.

P17 P16 P15 P14 P13 P12 P11 P10
I/0 Output | Output | Output | Output Input Input Input Input
P1DDR 1 1 1 1 0 0 0 0
Read value 1 1 1 1 1 0 0 0

Rev.4.00 Sep. 18,2008 Page 67 of 872
REJ09B0189-0400
RENESAS



Section2 CPU

The bit manipulation operation is performed on this value that was read. In this example, bit 4 will
be cleared for H'FS.

P17 P16 P15 P14 P13 P12 P11 P10
I/0 Output | Output | Output | Output Input Input Input Input
P1DDR 1 1 1 1 0 0 0 0
After bit 1 1 1 0 1 0 0 0
manipulation

After the bit manipulation operation, this data will be written to PIDDR, and the BCLR
instruction completes.

P17 P16 P15 P14 P13 P12 P11 P10
I/0 Output | Output | Output Input Output Input Input Input
P1DDR 1 1 1 0 1 0 0 0
Write value 1 1 1 0 1 0 0 0

Although the instruction was expected to write H'EO back to PIDDR, it actually wrote H'E8, and
P13, which was expected to be an input pin, is changed to function as an output pin. While this
section described the case where P13 was read out as a 1, since the values read are undefined
when P17 to P10 are read, when this bit manipulation instruction completes, bits that were 0 may
be changed to 1, and bits that were 1 may be changed to 0. To avoid this sort of problem, see
section 2.10.4, Access Methods for Registers with Write-Only Bits for methods for modifying
registers that include write-only bits.

Also note that it is possible to use the BCLR instruction to clear to O flags in internal I/O registers.
In this case, if it is clear from the interrupt handler or other information that the corresponding flag
is set to 1, then there is no need to read the value of the corresponding flag in advance.

2.104  Access Methods for Registers with Write-Only Bits

Undefined values will be read out if a data transfer instruction is executed for a register that
includes write-only bits, or if a bit manipulation instruction is executed for a register that includes
write-only bits. To avoid reading undefined values, use methods such as those shown below to
access registers that include write-only bits.

The basic method for writing to a register that includes write-only bits is to create a work area in
internal RAM or other memory area and first write the data to that area. Then, perform the desired
access operation for that memory and finally write that data to the register that includes write-only
bits.
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Write data to the work area

Write the work area data to the
register that includes write-only bits

Access the work area data
(data transfer and bit manipulation
instructions can be used)

Write the work area data to the register
that includes write-only bits

Initial value write

Modifying the value of a register
that includes write-only bits

Figure 2.22 Flowchart for Access Methods for Registers that Include Write-Only Bits

Example: To clear only P14 in the port 1 PIDDR

The P1DDR register consists of 8 write-only bits and sets the I/O direction of the port 1 pins.

Reading this register is invalid. When read, the values returned are undefined.

Here we present an example in which P14 is specified to be an input port using the BCLR
instruction. First, we write the initial value H'FO written to PIDDR to the work area in RAM

(RAMO).
MOV.B  #H'FO, ROL
MOV.B ROL, @PAMO
MOV.B  ROL, @P1DDR

P17 P16 P15 P14 P13 P12 P11 P10
I/0 Output | Output | Output | Output Input Input Input Input
P1DDR 1 1 1 1 0 0 0 0
RAMO B 1 1 | 1 | o | o o | o
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To switch P14 from being an output pin to being an input pin, we must change the value of
P1DDR bit 4 from 1 to O (H'FO — H'EO). Here, were execute a BCLR instruction for RAMO.

BCLR #4, @RAMO
P17 P16 P15 P14 P13 P12 P11 P10
I/0 Output | Output | Output | Output Input Input Input Input
P1DDR 1 1 1 1 0 0 0 0
RAMO 1+ | 1 | 1 |0 | o | o | o | o

Since RAMO can be read and written, when the bit manipulation instruction is executed, only bit 4
in RAMO is cleared. Then we write this RAMO value to PIDDR.

MOV.B @RAMO, ROL

MOV.B ROL, @P1DDR
P17 P16 P15 P14 P13 P12 P11 P10
I/0 Output | Output | Output Input Input Input Input Input
P1DDR 1 1 1 0 0 0 0 0
RAMO o+ 1t | 1 | 0o | o | o | o | o0

If this procedure is used to write registers that include write-only bits, programs can be written
without depending on the type of the instructions used.
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Section 3 MCU Operating Modes

3.1 Overview

3.1.1 Operating Mode Selection

The H8S/2214 Group has four operating modes (modes 4 to 7). These modes enable selection of
the CPU operating mode, enabling/disabling of on-chip ROM, and the initial bus width setting, by
setting the mode pins (MD2 to MDO).

Table 3.1 lists the MCU operating modes.

Table 3.1 MCU Operating Mode Selection

External Data Bus

MCU CPU

Operating Operating On-Chip Initial Max.

Mode MD2 MD1 MDO Mode Description ROM Width  Width

0* o 0 0 — — — —

1% 1

oF 1 0

3* 1

4 1 0 0 Advanced On-chip ROM disabled, Disabled 16 bits 16 bits

5 1 expanded mode 8bits 16 bits

6 1 0 On-chip ROM enabled, Enabled 8 bits 16 bits
expanded mode

7 1 Single-chip mode —

Note: * Not available in the H8S/2214 Group.

The CPU’s architecture allows for 4 Gbytes of address space, but the H§S/2214 Group actually
accesses a maximum of 16 Mbytes.

Modes 4 to 6 are externally expanded modes that allow access to external memory and peripheral
devices.

The external expansion modes allow switching between 8-bit and 16-bit bus modes. After program
execution starts, an 8-bit or 16-bit address space can be set for each area, depending on the bus
controller setting. If 16-bit access is selected for any one area, 16-bit bus mode is set; if 8-bit
access is selected for all areas, 8-bit bus mode is set.
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Note that the functions of each pin depend on the operating mode.

The H8S/2214 Group can be used only in modes 4 to 7. This means that the mode pins must be set
to select one of these modes. Do not change the inputs at the mode pins during operation.

3.1.2 Register Configuration

The H8S/2214 Group has a mode control register (MDCR) that indicates the inputs at the mode
pins (MD2 to MDO), and a system control register (SYSCR) that controls the operation of the
H8S/2214 Group. Table 3.2 summarizes these registers.

Table 3.2 MCU Registers

Name Abbreviation R/W Initial Value Address™
Mode control register MDCR R Undetermined H'FDE7
System control register SYSCR R/W H'01 H'FDE5

Note: * Lower 16 bits of the address.

3.2 Register Descriptions

3.21 Mode Control Register (MDCR)

Bit : 7 6 5 4 3 2 1 0

| — | - | — | — | — | MDS2 | MDSH1 | MDSO0 ‘
Initial value: 1 0 0 0 0 % — % —
R/W : — — — — — R R R

Note: * Determined by pins MD2 to MDO.

MDCR is an 8-bit read-only register that indicates the current operating mode of the H8S/2214
Group.

Bit 7—Reserved: Read-only bit, always read as 1.
Bits 6 to 3—Reserved: Read-only bits, always read as 0.

Bits 2 to 0—Mode Select 2 to 0 (MDS2 to MDSO0): These bits indicate the input levels at pins
MD2 to MDO (the current operating mode). Bits MDS2 to MDSO correspond to MD2 to MDO.
MDS2 to MDSO are read-only bits-they cannot be written to. The mode pin (MD2 to MDO) input
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levels are latched into these bits when MDCR is read. These latches are canceled by a power-on
reset, but are retained after a manual reset.

3.2.2 System Control Register (SYSCR)

Bit : 7 6 5 4 3 2 1 0

| — | — | INTMA | INTMO | NMIEG |MRESE| — | RAME ‘
Initial value: 0 0 0 0 0 0 0 1
R/W : R/W — R/W R/W R/W R/W — R/W

SYSCR is an 8-bit readable/writable register that selects the interrupt control mode, the detected
edge for NMI, and enables or disables MRES pin input and on-chip RAM.

SYSCR is initialized to H'01 by a power-on reset and in hardware standby mode. In a manual
reset, the INTM1, INTMO, NMIEG, and RAME bits are initialized, but the MRESE bit is not.
SYSCR is not initialized in software standby mode.

Bit 7—Reserved: Only 0 should be written to this bit.
Bit 6—Reserved: Read-only bit, always read as 0.

Bits 5 and 4—Interrupt Control Mode 1 and 0 (INTM1, INTMO): These bits select the control
mode of the interrupt controller. For details of the interrupt control modes, see section 5.4.1,
Interrupt Control Modes and Interrupt Operation.

Bit5 Bit 4

Interrupt
INTM1 INTMO Control Mode Description
0 0 0 Control of interrupts by | bit (Initial value)
1 — Setting prohibited
1 0 2 Control of interrupts by 12 to 10 bits and IPR
1 — Setting prohibited

Bit 3—NMI Edge Select (NMIEG): Selects the valid edge of the NMI interrupt input.

Bit 3

NMIEG Description

0 An interrupt is requested at the falling edge of NMI input (Initial value)
1 An interrupt is requested at the rising edge of NMI input
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Bit 2—Manual Reset Select (MRESE): Enables or disables the MRES pin. Table 3.3 shows the
relationship between the RES and MRES pin values and type of reset. For details of resets, see
section 4.2, Resets.

Bit 2
MRESE Description
0 Manual reset is disabled
P74/MRES pin can be used as P74 I/O pin (Initial value)
1 Manual reset is enabled

P74/MRES pin can be used as MRES input pin

Table 3.3  Relationship between RES and MRES pin Values and Type of Reset

Pins
RES MRES Type of Reset
0 * Power-on reset
1 0 Manual reset
1 1 Operating state

*: Don’t care

Bit 1—Reserved: Read-only bit, always read as 0.

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit is
initialized when the reset status is released. 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)

Note: When the DTC is used, the RAME bit should not be cleared to 0.
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33 Operating Mode Descriptions

3.3.1 Mode 4
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabled.

Pins P13 to P10, and ports A, B, and C function as an address bus, ports D and E function as a
data bus, and part of port F carries bus control signals.

Pins P13 to P11 function as input ports immediately after a reset. Address (A23 to A21) output
can be enabled or disabled by bits AE3 to AEO in the pin function control register (PFCR)
regardless of the corresponding data direction register (DDR) values. Pin 10 and ports A and B
function as address (A20 to A8) outputs immediately after a reset. Address output can be enabled
or disabled by bits AE3 to AEO in PFCR regardless of the corresponding DDR values. Pins for
which address output is disabled among pins P13 to P10 and in ports A and B become port outputs
when the corresponding DDR bits are set to 1.

Port C always has an address (A7 to AO) output function.

The initial bus mode after a reset is 16 bits, with 16-bit access to all areas. However, note that if 8-
bit access is designated by the bus controller for all areas, the bus mode switches to 8 bits.

3.3.2 Mode 5
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabled.

Pins P13 to P10, and ports A, B, and C function as an address bus, ports D and E function as a
data bus, and part of port F carries bus control signals.

Pins P13 to P11 function as input ports immediately after a reset. Address (A23 to A21) output
can be enabled or disabled by bits AE3 to AEO in the pin function control register (PFCR)
regardless of the corresponding data direction register (DDR) values. Pin 10 and ports A and B
function as address (A20 to A8) outputs immediately after a reset. Address output can be enabled
or disabled by bits AE3 to AEO in PFCR regardless of the corresponding DDR values. Pins for
which address output is disabled among pins P13 to P10 and in ports A and B become port outputs
when the corresponding DDR bits are set to 1.

Port C always has an address (A7 to AO) output function.
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The initial bus mode after a reset is 8 bits, with 8-bit access to all areas. However, note that if 16-
bit access is designated by the bus controller for any area, the bus mode switches to 16 bits and
port E becomes a data bus.

3.3.3 Mode 6
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled.

Pins P13 to P10, and ports A and B function as input ports immediately after a reset. Address
(A23 to A8) output can be enabled or disabled by bits AE3 to AEOQ in the pin function control
register (PFCR) regardless of the corresponding data direction register (DDR) values. Pins for
which address output is disabled among pins P13 to P10 and in ports A and B become port outputs
when the corresponding DDR bits are set to 1.

Ports D and E function as a data bus, and part of port F carries data bus signals.

Port C is an input port immediately after a reset. Addresses A7 to AO are output by setting the
corresponding DDR bits to 1.

The initial bus mode after a reset is 8 bits, with 8-bit access to all areas. However, note that if 16-
bit access is designated by the bus controller for any area, the bus mode switches to 16 bits and
port E becomes a data bus.

3.34 Mode 7

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled,
but external addresses cannot be accessed.

All I/O ports are available for use as input-output ports.
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34 Pin Functions in Each Operating Mode

The pin functions of ports 1, and A to F vary depending on the operating mode. Table 3.4 shows
their functions in each operating mode.

Table 3.4  Pin Functions in Each Mode

Port Mode 4 Mode 5 Mode 6 Mode 7
Port 1 P13 to P11 P*/A P*/A P*/A P
P10 P/A* P/A* P*/A P
Port A PA3 to PAO P/A* P/A* P*/A P
Port B P/A* P/A* P*/A P
Port C A A P*/A P
Port D D D D P
Port E P/D* P*/D P*/D P
Port F PF7 P/C* P/C* P/C* P*/C
PF6 to PF4 C C C P
PF3 P/C* P*/C P*/C
PF2 to PFO P*/C P*/IC P*/C
Legend:
P: 1/0 port
A: Address bus output
D: Databus I/O
C: Control signals, clock I/O
*: After reset

3.5 Memory Map in Each Operating Mode
The H8S/2214 memory map is shown in figure 3.1.
The address space is 16 Mbytes in modes 4 to 7 (advanced modes).

The address space is divided into eight areas for modes 4 to 7. For details, see section 6, Bus
Controller.
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Modes 4 and 5 Mode 6 Mode 7
(advanced expanded modes (advanced expanded mode (advanced single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)
H'000000 H'000000 H'000000
External address On-chip ROM On-chip ROM
space
H'01FFFF
= I H'020000_| External address_|.
N T N space T
H'FFBO00 | Reserved area* H'FFBO00 | Reserved area*
H'FFC000 o H'FFC000 o H'FFC000
n-chip RAM* n-chip RAM* -chi
p p HEFEEBF On-chip RAM
H'FFEFCO| External address H'FFEFCO| External address
space space .
H'FFF800 |nternal 110 registers H'FFF800 [|nternal 110 registers :,E:z:zlszg'o: Internal I/O registers
H'FFFF40 | External address H'FFFF40 | External address
space space
H'FFFF60 [|nternal | ist H'FFFF60 . H'FFFF60 .
HFFEFCO nternal I/O registers HEFFFCO Internal I/0 registers HEFEFCO Internal 1/O registers
HFFEFFF| ©On-chip RAM* HEFFFFE | On-chip RAM* HFFEFFE| ©On-chip RAM

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure 3.1 Memory Map in Each Operating Mode in the H8S/2214
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Section 4 Exception Handling

4.1 Overview

4.1.1 Exception Handling Types and Priority

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

Exception handling sources, the stack structure, and the operation of the CPU vary depending on
the interrupt control mode set by the INTMO and INTM1 bits of SYSCR.

Table 4.1 Exception Handling Types and Priority

Priority Exception Handling Type Start of Exception Handling

Hig Reset Starts immediately after a low-to-high transition at the
4 RES or MRES pin, or when the watchdog timer
overflows. The CPU enters the power-on reset state
when the RES pin is low, and the manual reset state
when the MRES pin is low.

Trace™ Starts when execution of the current instruction or
exception handling ends, if the trace (T) bit is set to 1

Interrupt Starts when execution of the current instruction or
exception handling ends, if an interrupt request has
been issued™

Low Trap instruction (TRAPA)™® Started by execution of a trap instruction (TRAPA)
Notes: 1. Traces are enabled only in interrupt control mode 2. Trace exception handling is not
executed after execution of an RTE instruction.
2. Interrupt detection is not performed on completion of ANDC, ORC, XORC, or LDC
instruction execution, or on completion of reset exception handling.
3. Trap instruction exception handling requests are accepted at all times in program
execution state.
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4.1.2 Exception Handling Operation
Exceptions originate from various sources. Trap instructions and interrupts are handled as follows:

1. The program counter (PC), condition code register (CCR), and extended register (EXR) are
pushed onto the stack.

2. The interrupt mask bits are updated. The T bit is cleared to 0.

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

For a reset exception, steps 2 and 3 above are carried out.

4.1.3 Exception Sources and Vector Table

The exception sources are classified as shown in figure 4.1. Different vector addresses are
assigned to different exception sources.

Table 4.2 lists the exception sources and their vector addresses.

Power-on reset

Reset
Manual reset
Trace
Exception Direct transition
sources External interrupts: NMI, IRQ7 to IRQO

Interrupts External expansion interrupts: EXIRQ7 to EXIRQO

Internal interrupts: 31 interrupt sources

Trap instruction

Figure 4.1 Exception Sources
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Table 4.2  Exception Vector Table

Vector Address™

Exception Source Vector Number Advanced Mode
Power-on reset 0 H'0000 to H'0003
Manual reset 1 H'0004 to H'0007
Reserved for system use 2 H'0008 to H'000B
3 H'000C to H'000F

4 H'0010 to H'0013

Trace 5 H'0014 to H'0017
Direct transition 6 H'0018 to H'001B
External interrupt NMI 7 H'001C to H'001F
Trap instruction (4 sources) 8 H'0020 to H'0023
9 H'0024 to H'0027

10 H'0028 to H'002B

11 H'002C to H'002F

Reserved for system use 12 H'0030 to H'0033
13 H'0034 to H'0037

14 H'0038 to H'003B

15 H'003C to H'003F

External interrupt IRQO 16 H'0040 to H'0043
IRQ1 17 H'0044 to H'0047

IRQ2 18 H'0048 to H'004B

IRQ3 19 H'004C to H'004F

IRQ4 20 H'0050 to H'0053

IRQ5 21 H'0054 to H'0057

IRQ6 22 H'0058 to H'005B

IRQ7 23 H'005C to H'005F

Internal interrupt™ 2|4 H'0060 t|o H'0063
111 H'01BC to H'01BF

Notes: 1. Lower 16 bits of the address.

2. For details of internal interrupt vectors, see section 5.3.3, Interrupt Exception Handling
Vector Table.
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4.2 Reset

4.2.1 Overview
A reset has the highest exception priority.

When the RES or MRES pin goes low, all processing halts and the H8S/2214 enters the reset state.
A reset initializes the internal state of the CPU and the registers of on-chip supporting modules.
Immediately after a reset, interrupt control mode 0 is set.

Reset exception handling begins when the RES or MRES pin changes from low to high.

The levels of the RES and MRES pins at reset determine whether a power-on reset or a manual
reset is effected.

The H8S/2214 can also be reset by overflow of the watchdog timer. For details see section 11,
Watchdog Timer (WDT).

4.2.2 Reset Types

A reset can be of either of two types: a power-on reset or a manual reset. Reset types are shown in
table 4.3. A power-on reset should be used when powering on.

The internal state of the CPU is initialized by either type of reset. A power-on reset also initializes
all the registers in the on-chip supporting modules, while a manual reset initializes all the registers
in the on-chip supporting modules except for the bus controller and I/O ports, which retain their
previous states.

With a manual reset, since the on-chip supporting modules are initialized, ports used as on-chip
supporting module I/O pins are switched to I/O ports controlled by DDR and DR.

Table 4.3  Reset Types

Reset Transition

Conditions Internal State
Type MRES RES CPU On-Chip Supporting Modules
Power-on reset * Low Initialized Initialized
Manual reset Low High Initialized Initialized, except for bus controller
and /O ports

*: Don’t care

Rev.4.00 Sep. 18, 2008 Page 82 of 872
REJ09B0189-0400

RENESAS



Section 4 Exception Handling

A reset caused by the watchdog timer can also be of either of two types: a power-on reset or a
manual reset.

When the MRES pin is used, MRES pin input must be enabled by setting the MRESE bit to 1 in
SYSCR.

4.2.3 Reset Sequence
The H8S/2214 Group enters the reset state when the RES or MRES pin goes low.

To ensure that the H8S/2214 Group is reset, hold the RES or MRES pin low for at least 20 ms at
power-up. To reset the H8S/2214 Group during operation, hold the RES or MRES pin low for at
least 20 states.

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

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

2. The reset exception handling vector address is read and transferred to the PC, and program
execution starts from the address indicated by the PC.

Figures 4.2 and 4.3 show examples of the reset sequence.
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Vector Internal Prefetch of first program
fetch  processing instruction

| | | |
-
| | | |
| | | |

o 1 L |

RES, MRES J

adaross bus U Lo X

Internal read

signal
Internal write 1 1 -
signal 1 . High
L oy Y e |
Lnljgrnal data { (2) :, { (4) :, D—

(1) Reset exception handling vector address (for a power-on reset, (1) = H'0000;
for a manual reset, (1) = H'0002)

(2) Start address (contents of reset exception handling vector address)

(3) Start address ((3) = (2))

(4) First program instruction

Figure 4.2 Reset Sequence (Modes 2 and 3: Not available in the H8S/2214)
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Internal Prefetch of first

Vector fetch processing program instruction

- -

A

RES, MRES /

Address bus — X o >< 5 ><:
= LT
D15 to DO @ (@) o

(1) (3) Reset exception handling vector address (for a power-on reset, (1) = H'000000,
(3) = H'000002; for a manual reset, (1) = H'000004, (3) = H'000006)

(2) (4) Start address (contents of reset exception handling vector address)

(5) Start address ((5) = (2) (4))

(6) First program instruction

Note: * Three program wait states are inserted.

Figure 4.3 Reset Sequence (Mode 4)

4.2.4 Interrupts after Reset

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

4.2.5 State of On-Chip Supporting Modules after Reset Release

After reset release, MSTPCRA is initialized to H'3F, MSTPCRB and MSTPCRC are initialized to
H'FF, and all modules except the DMAC and DTC enter module stop mode. Consequently, on-
chip supporting module registers cannot be read or written to. Register reading and writing is
enabled when module stop mode is exited.
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4.3 Traces

Traces are enabled in interrupt control mode 2. Trace mode is not activated in interrupt control
mode 0, irrespective of the state of the T bit. For details of interrupt control modes, see section 5,
Interrupt Controller.

If the T bit in EXR is set to 1, trace mode is activated. In trace mode, a trace exception occurs on
completion of each instruction.

Trace mode is canceled by clearing the T bit in EXR to 0. It is not affected by interrupt masking.
Table 4.4 shows the state of CCR and EXR after execution of trace exception handling.
Interrupts are accepted even within the trace exception handling routine.

The T bit saved on the stack retains its value of 1, and when control is returned from the trace
exception handling routine by the RTE instruction, trace mode resumes.

Trace exception handling is not carried out after execution of the RTE instruction.

Table 4.4  Status of CCR and EXR after Trace Exception Handling

CCR EXR
Interrupt Control Mode | ul 12to 10 T
0 Trace exception handling cannot be used.
2 1 — — 0
Legend:
1: Setto1

0: Clearedto 0
—: Retains value prior to execution.
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44 Interrupts

Interrupt exception handling can be requested by nine external sources (NMI, IRQ7 to IRQO),

eight external expansion sources (EXIRQ7 to EXIRQO0), and 31 internal sources in the on-chip
supporting modules. Figure 4.4 classifies the interrupt sources and the number of interrupts of
each type.

The on-chip supporting modules that can request interrupts include the watchdog timer (WDT),
16-bit timer-pulse unit (TPU), serial communication interface (SCI), data transfer controller
(DTC), and DMA controller (DMAC). Each interrupt source has a separate vector address.

NMI is the highest-priority interrupt. Interrupts are controlled by the interrupt controller. The
interrupt controller has two interrupt control modes and can assign interrupts other than NMI to
eight priority/mask levels to enable multiplexed interrupt control.

For details of interrupts, see section 5, Interrupt Controller.

External NMIE)
interrupts IRQ7 to IRQO (8)

External
expansion
Interrupts < interrupts: EXIRQ7 to EXIRQO (8)

WDT" (1)
Internal TPU(13)
interrupts SCI (12)

DTC (1)

DMAC (4)

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

Figure 4.4 Interrupt Sources and Number of Interrupts
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4.5 Trap Instruction

Trap instruction exception handling starts when a TRAPA instruction is executed. Trap instruction
exception handling can be executed at all times in the program execution state.

The TRAPA instruction fetches a start address from a vector table entry corresponding to a vector
number from O to 3, as specified in the instruction code.

Table 4.5 shows the status of CCR and EXR after execution of trap instruction exception handling.

Table 4.5  Status of CCR and EXR after Trap Instruction Exception Handling

CCR EXR
Interrupt Control Mode | ul 12to 10 T
0 1 — — —
2 1 — — 0
Legend:
1: Setto1

0: Clearedto 0
—: Retains value prior to execution.
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4.6 Stack Status after Exception Handling

Figures 4.5 and 4.6 show the stack after completion of trap instruction exception handling and
interrupt exception handling.

f f

SP —» EXR
Reserved*
SP —» CCR CCR
CCR* CCR*
. PC | PC
(16 bits) (16 bits)
f f
(a) Interrupt control mode 0 (b) Interrupt control mode 2

Note: * Ignored on return.

Figure 4.5 Stack Status after Exception Handling (Normal Modes: Not available in the

HS8S/2214)
SP —» EXR
Reserved*
SP —» CCR CCR
———————— PC - r-—------ PC --—-------
,,,,,,,, (24 bits) - _____ L. (24 bits). ...

f f

(a) Interrupt control mode 0 (b) Interrupt control mode 2

Note: * Ignored on return.

Figure 4.6 Stack Status after Exception Handling (Advanced Modes)
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4.7 Notes on Use of the Stack

When accessing word data or longword data, the H8S/2214 Group assumes that the lowest address
bit is 0. The stack should always be accessed by word transfer instruction or longword transfer
instruction, and the value of the stack pointer (SP: ER7) should always be kept even. Use the
following instructions to save registers:

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

Use the following instructions to restore registers:

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

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

CCR SP-» R1L HFFFEFA
SP > HFFFEFB
PC PC H'FFFEFC
HFFFEFD
SP»| 1 | 1 [ ]
fffffffffffffffffffffffffffffffffffffffffffffffffff H'FFFEFF

TRAP instruction executed MOV.B R1L, @-ER7
E— Em—

SP set to HFFFEFF  Data saved above SP Contents of CCR lost

Legend: CCR: Condition code register
PC: Program counter
R1L: General register R1L
SP: Stack pointer

Note: This diagram illustrates an example in which the interrupt control mode is 0O, in advanced
mode.

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

5.1 Overview

5.1.1 Features

The H8S/2214 Group controls interrupts by means of an interrupt controller. The interrupt
controller has the following features:

Two interrupt control modes

— Any of two interrupt control modes can be set by means of the INTM1 and INTMO bits in
the system control register (SYSCR).

Priorities settable with IPR

— An interrupt priority register (IPR) is provided for setting interrupt priorities. Eight priority
levels can be set for each module for all interrupts except NMI.

— NMI is assigned the highest priority level of 8, and can be accepted at all times.

Independent vector addresses

— All interrupt sources are assigned independent vector addresses, making it unnecessary for
the source to be identified in the interrupt handling routine.

Nine external interrupts

— NMI is the highest-priority interrupt, and is accepted at all times. Rising edge or falling
edge can be selected for NMI.

— Falling edge, rising edge, or both edge detection, or level sensing, can be selected for IRQ7
to IRQO.

DTC or DMAC control
— DTC or DMAC activation is performed by means of interrupts.

Eight external expansion interrupt input pins
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5.1.2 Block Diagram

A block diagram of the interrupt controller is shown in figure 5.1.

CPU

| CCR

INTM1 INTMO
SYSCR|
NMIEG ¢ L
NMI input = NMI input unit L Interrupt
request
TIRQinput —— —— IRQ input unit | Vector
ISR
number
ISCR ﬁ Priority
determination
Internal interrupt |
request
SWDTEND to 2t0l0 |
TEI2

| EXR

External expansion N
interrupt sources *
EXIRQO to EXIRQ7 m

Interrupt controller

Legend:

ISCR:  IRQ sense control register
IER: IRQ enable register

ISR: IRQ status register

IPR: Interrupt priority register

SYSCR: System control register

Figure 5.1 Block Diagram of Interrupt Controller
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5.1.3 Pin Configuration
Table 5.1 summarizes the pins of the interrupt controller.

Table 5.1 Interrupt Controller Pins

Name Symbol /10 Function

Nonmaskable interrupt ~ NMI Input Nonmaskable external interrupt; rising or
falling edge can be selected

External interrupt IRQ7 to IRQO Input Maskable external interrupts; rising, falling, or

requests 7to 0 both edges, or level sensing, can be selected

External expansion EXIRQ7 to Input Interrupts from external expansion modules.

interrupt sources 7to 0 EXIRQO Interrupt is accepted on low level.

5.14 Register Configuration
Table 5.2 summarizes the registers of the interrupt controller.

Table 5.2  Interrupt Controller Registers

Name Abbreviation R/W Initial Value Address™
System control register SYSCR R/W H'01 H'FDE5
IRQ sense control register H ISCRH R/wW H'00 H'FE12
IRQ sense control register L ISCRL R/W H'00 H'FE13
IRQ enable register IER R/W H'00 HFE14
IRQ status register ISR R/(W)* H'00 HFE15
Interrupt priority register A IPRA R/W H'77 H'FECO
Interrupt priority register B IPRB R/W H'77 H'FEC1
Interrupt priority register C IPRC R/W H'77 H'FEC2
Interrupt priority register D IPRD R/W H'77 H'FEC3
Interrupt priority register F IPRF R/W H'77 H'FEC5
Interrupt priority register G IPRG R/W H'77 H'FEC6
Interrupt priority register J IPRJ R/W H'77 H'FEC9
Interrupt priority register K IPRK R/W H'77 H'FECA
Interrupt priority register M IPRM R/W H'77 H'FECC

Notes: 1. Lower 16 bits of the address.
2. Can only be written with O for flag clearing.
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5.2 Register Descriptions

5.2.1 System Control Register (SYSCR)

Bit : 7 6 5 4 3 2 1

| — | — | INTM1 | INTMO | NMIEG |MRESE| — | RAME ‘
Initial value: 0 0 0 0 0 0 0 1
R/W : R/W — R/W R/W R/W R/W — R/W

SYSCR is an 8-bit readable/writable register that selects the interrupt control mode, and the
detected edge for NMI.

Only bits 5 to 3 are described here; for details of the other bits, see section 3.2.2, System Control
Register (SYSCR).

SYSCR is initialized to H'01 by a power-on reset and in hardware standby mode. In a manual
reset, the INTM1, INTMO, NMIEG, and RAME bits are initialized, but the MRESE bit is not.
SYSCR is not initialized in software standby mode.

Bits 5 and 4—Interrupt Control Mode 1 and 0 (INTM1, INTMO): These bits select one of two
interrupt control modes for the interrupt controller.

Bit 5 Bit 4

Interrupt
INTM1 INTMO Control Mode Description
0 0 0 Interrupts are controlled by | bit (Initial value)
1 — Setting prohibited
1 0 2 Interrupts are controlled by bits 12 to 10, and IPR
1 — Setting prohibited

Bit 3—NMI Edge Select (NMIEG): Selects the input edge for the NMI pin.

Bit 3

NMIEG Description

0 Interrupt request generated at falling edge of NMI input (Initial value)
1 Interrupt request generated at rising edge of NMI input
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5.2.2 Interrupt Priority Registers A to D, F, G, J, K, M (IPRA to IPRD, IPRF, IPRG,
IPR], IPRK, IPRM)

Bit : 7 6 5 4 3 2 1 0

| — | IPR6 | IPR5 | IPR4 | — | IPR2 | IPR1 | IPRO ‘
Initial value: 0 1 1 1 0 1 1 1
R/W : — R/W R/W R/W — R/W R/W R/W

The IPR registers are nine 8-bit readable/writable registers that set priorities (levels 7 to 0) for
interrupts other than NMIL.

The correspondence between IPR settings and interrupt sources is shown in table 5.3.
The IPR registers set a priority (level 7 to 0) for each interrupt source other than NMI.
The IPR registers are initialized to H'77 by a reset and in hardware standby mode.
They are not initialized in software standby mode.

Bits 7 and 3—Reserved: Read-only bits, always read as 0.

Table 5.3  Correspondence between Interrupt Sources and IPR Settings

Bits

Register 6to4 2to 0
IPRA IRQO IRQ1
IPRB IRQ2 IRQ4

IRQ3 IRQ5
IPRC IRQ6 DTC

IRQ7
IPRD Watchdog timer 0 —*
IPRF TPU channel 0 TPU channel 1
IPRG TPU channel 2 —
IPRJ DMAC SClI channel 0
IPRK SCl channel 1 SCI channel 2
IPRM EXIRQS3 to EXIRQO EXIRQ7 to EXIRQ4

Note: * Reserved bits. These bits cannot be modified and are always read as 1.
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As shown in table 5.3, multiple interrupts are assigned to one IPR. Setting a value in the range
from H'0 to H'7 in the 3-bit groups of bits 6 to 4 and 2 to 0 sets the priority of the corresponding
interrupt. The lowest priority level, level O, is assigned by setting H'0, and the highest priority
level, level 7, by setting H'7.

When interrupt requests are generated, the highest-priority interrupt according to the priority
levels set in the IPR registers is selected. This interrupt level is then compared with the interrupt
mask level set by the interrupt mask bits (I2 to I0) in the extend register (EXR) in the CPU, and if
the priority level of the interrupt is higher than the set mask level, an interrupt request is issued to
the CPU.

5.2.3 IRQ Enable Register (IER)

Bit : 7 6 5 4 3 2 1 0
| 1IRQ7E | 1RQEE | IRQSE | IRQ4E | IRQSE | IRQ2E | IRQIE | IRQCE |

Initial value: 0 0 0 0 0 0 0 0

RIW . RW RW RW RW RW RW RW RW

IER is an 8-bit readable/writable register that controls enabling and disabling of interrupt requests
IRQ7 to IRQO.

IER is initialized to H'0O by a reset and in hardware standby mode.
It is not initialized in software standby mode.

Bits 7 to 0—IRQ7 to IRQ0 Enable (IRQ7E to IRQOE): These bits select whether IRQ7 to
IRQO are enabled or disabled.

Bitn
IRQNE Description
0 IRQn interrupts disabled (Initial value)
1 IRQn interrupts enabled
(n=7100)
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5.2.4 IRQ Sense Control Registers H and L. ISCRH, ISCRL)

ISCRH
Bit . 15 14 13 12 11 10 9 8

| IRQ7SCB | IRQ7SCA| IRQGSCB| IR068CA| IRQ5SCB | IRQ5SCA | IRO4SCB| IRQ4SCA ‘
Initial value: 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW RW
ISCRL
Bit : 7 6 5 4 3 2 1 0

| IRQ3SCB | IRQSSCA| |RQ2SCB| IRQZSCA| IRQ1SCB | IRQ1SCA | IRQOSCB| IRQOSCA ‘
Initial value: 0 0 0 0 0 0 0 0
RW . AW RW RW RW RW RW RW RW

The ISCR registers are 16-bit readable/writable registers that select rising edge, falling edge, or
both edge detection, or level sensing, for the input at pins IRQ7 to IRQO.

The ISCR registers are initialized to H'0000 by a reset and in hardware standby mode.
They are not initialized in software standby mode.

Bits 15 to 0: IRQ7 Sense Control A and B (IRQ7SCA, IRQ7SCB) to IRQO Sense Control A and
B (IRQOSCA, IRQOSCB)

Bits 15t0 0
IRQ7SCB to IRQ7SCA to
IRQOSCB IRQOSCA Description
0 0 Interrupt request generated at IRQ7 to IRQO input low level
(initial value)
Interrupt request generated at falling edge of IRQ7 to IRQO input
1 0 Interrupt request generated at rising edge of IRQ7 to IRQO input

Interrupt request generated at both falling and rising edges of
IRQ7 to IRQO input
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5.2.5 IRQ Status Register (ISR)

Bit : 7 6 5 4 3 2 1 0

| IRQ7F | 1RQ6F | 1RQSF | IRQ4F | IRQSF | IRG2F | IRQ1F | IRQOF |
Initial value: 0 0 0 0 0 0 0 0
R/W R/((W)*  R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)*
Note: * Only 0 can be written, to clear the flag.

ISR is an 8-bit readable/writable register that indicates the status of IRQ7 to IRQO interrupt

requests.

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

It is not initialized in software standby mode.

Bits 7 to 0—IRQ7 to IRQO flags (IRQ7F to IRQOF): These bits indicate the status of IRQ7 to
IRQO interrupt requests.

Bit n

IRQnF  Description

0 [Clearing conditions] (Initial value)

Cleared by reading IRQnF flag when IRQnF = 1, then writing 0 to IRQNF flag
When interrupt exception handling is executed when low-level detection is set
(IRQNSCB = IRQNSCA = 0) and IRQn input is high

When IRQn interrupt exception handling is executed when falling, rising, or both-
edge detection is set (IRQNSCB = 1 or IRQNSCA = 1)

When the DTC is activated by an IRQn interrupt, and the DISEL bit in MRB of the
DTCis cleared to 0

1 [Setting conditions]

When IRQn input goes low when low-level detection is set (IRQnSCB = IRQNSCA =
0)

When a falling edge occurs in IRQn input when falling edge detection is set
(IRQNSCB = 0, IRQNSCA = 1)

When a rising edge occurs in IRQn input when rising edge detection is set
(IRQNSCB = 1, IRQNSCA = 0)

When a falling or rising edge occurs in IRQn input when both-edge detection is set
(IRQNSCB = IRQNSCA = 1)

(n=7100)
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53 Interrupt Sources

Interrupt sources comprise external interrupts (NMI and IRQ7 to IRQO0) and internal interrupts (53
sources).

5.3.1 External Interrupts

There are nine external interrupts: NMI and IRQ7 to IRQO. Of these, NMI and IRQ2 to IRQO can
be used to restore the H8S/2214 Group from software standby mode.

(1) NMI Interrupt

NMI is the highest-priority interrupt, and is always accepted by the CPU regardless of the interrupt
control mode or the status of the CPU interrupt mask bits. The NMIEG bit in SYSCR can be used
to select whether an interrupt is requested at a rising edge or a falling edge on the NMI pin.

The vector number for NMI interrupt exception handling is 7.
(2) TRQ7 to IRQO Interrupts

Interrupts IRQ7 to IRQO are requested by an input signal at pins IRQ7 to IRQO. Interrupts IRQ7 to
IRQO have the following features:

e Using ISCR, it is possible to select whether an interrupt is generated by a low level, falling
edge, rising edge, or both edges, at pins IRQ7 to IRQO.

e Enabling or disabling of interrupt requests IRQ7 to IRQO can be selected with IER.

e The interrupt priority level can be set with IPR.

e The status of interrupt requests IRQ7 to IRQO is indicated in ISR. ISR flags can be cleared to 0
by software.

A block diagram of interrupts IRQn is shown in figure 5.2.
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IRQnE

IRQNSCA, IRQnSCB
‘ IRQNF S

IRQn interrupt
> Edge/level >—>
detection circuit S Q L

request
IRQn input >R

Clear signal

Note: n=71t00

Figure 5.2 Block Diagram of Interrupts IRQn

Figure 5.3 shows the timing of setting IRQnF.

IRQN
input pin

IRQnF

Note: n=7t00

Figure 5.3 Timing of Setting IRQnF
The vector numbers for IRQ7 to IRQO interrupt exception handling are 23 to 16.

Detection of IRQ7 to IRQO interrupts does not depend on whether the relevant pin has been set for
input or output. However, when a pin is used as an external interrupt input pin, do not clear the
corresponding DDR to 0 and use the pin as an I/O pin for another function. Since interrupt request
flags IRQ7F to IRQOF are set when the setting condition is satisfied, regardless of the IER setting,
only the necessary flags should be referenced.

(3) EXIRQ7 to EXIRQO Interrupts

Interrupts EXIRQ7 to EXIRQO are for use by external expansion modules. An interrupt is
requested by a low-level input signal at one of pins EXIRQ7 to EXIRQO.
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5.3.2 Internal Interrupts
There are 31 sources for internal interrupts from on-chip supporting modules.

e For each on-chip supporting module there are flags that indicate the interrupt request status,
and enable bits that select enabling or disabling of these interrupts. If both of these are set to 1
for a particular interrupt source, an interrupt request is issued to the interrupt controller.

e The interrupt priority level can be set by means of IPR.

e The DMAC and DTC can be activated by a TPU, 8-bit timer, SCI, or other interrupt request.
When the DMAC and DTC is activated by an interrupt, the interrupt control mode and
interrupt mask bits are not affected.

533 Interrupt Exception Handling Vector Table

Table 5.4 shows interrupt exception handling sources, vector addresses, and interrupt priorities.
For default priorities, the lower the vector number, the higher the priority.

Priorities among modules can be set by means of the IPR. The situation when two or more
modules are set to the same priority, and priorities within a module, are fixed as shown in
table 5.4.
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Table 5.4  Interrupt Sources, Vector Addresses, and Interrupt Priorities

Vector
*
Origin of Address
Interrupt  Vector Advanced
Interrupt Source Source Number Mode IPR Priority
NMI External 7 H'001C High
IRQO pin 16 H'0040 IPRA6 to 4
IPRA 4
IRQ1 17 H'0044 IPRA2 to
IPRAO
IRQ2 18 H'0048 IPRB6 to
IRQ3 19 H'004C IPRB 4
IRQ4 20 H'0050 IPRB2 to
IRQ5 21 H'0054 IPRB 0
IRQ6 22 H'0058 IPRCS6 to
IRQ7 23 H'005C IPRC 4
SWDTEND DTC 24 H'0060 IPRC2 to
(software activation interrupt end) IPRC 0
WOVIO (interval timer) Watchdog 25 H'0064 IPRD6 to
timer O IPRD 4
TGIOA (TGROA input TPU 32 H'0080 IPRF6 to
capture/compare match) channel 0 IPRF 4
TGIOB (TGROB input 33 H'0084
capture/compare match)
TGIOC (TGROC input 34 H'0088
capture/compare match)
TGIOD (TGROD input 35 H'008C
capture/compare match)
TCIOV (overflow 0) 36 H'0090
Reserved — 37 H'0094
38 H'0098
39 H'009C Low

Note: * Lower 16 bits of the start address.
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Vector
%k
Origin of Address
Interrupt  Vector Advanced

Interrupt Source Source Number Mode IPR Priority
TGIHA (TGR1A input TPU 40 H'00A0 IPRF2 to High
capture/compare match) channel 1 IPRF O 4
TGI1B (TGR1B input 4 H'00A4
capture/compare match)
TCI1V (overflow 1) 42 H'00A8
TCI1U (underflow 1) 43 H'00AC
TGI2A (TGR2A input TPU 44 H'00BO IPRGS6 to
capture/compare match) channel 2 IPRG 4
TGI2B (TGR2B input 45 H'00B4
capture/compare match)
TCI2V (overflow 2) 46 H'00B8
TCI2U (underflow 2) 47 H'00BC
DENDOA (channel 0/channel 0OA°  DMAC 72 H'0120 IPRJ6 to
transfer end) IPRJ4
DENDOB (channel 0B transfer end) 73 H'0124
DEND1A (channel 1/channel 1A 74 H'0128
transfer end)
DEND1B (channel 1B transfer end) 75 H'012C
ERIO (receive error 0) SCI 80 H'0140 IPRJ2 to
RXI0 (reception completed 0) channel0 81 H'0144 IPRJ O
TXIO (transmit data empty 0) 82 H'0148
TEIO (transmission end 0) 83 H'014C
ERI1 (receive error 1) SCI 84 H'0150 IPRK6 to
RXI1 (reception completed 1) channel1 85 H'0154 IPRK 4
TXI1 (transmit data empty 1) 86 H'0158
TEI1 (transmission end 1) 87 H'015C
ERI2 (receive error 2) SCI 88 H'0160 IPRK2 to
RXI2 (reception completed 2) channel2 89 H'0164 IPRK 0
TXI2 (transmit data empty 2) 90 H'0168
TEI2 (transmission end 2) 91 H'016C
EXIRQO External 104 H'01A0 IPRM®6 to
EXIRQ1 module 105 H'01A4 IPRM4
EXIRQ2 106 H'01A8
EXIRQ3 107 H'01AC
EXIRQ4 108 H'01B0O IPRM2 to
EXIRQ5 109 H'01B4 IPRMO
EXIRQ6 110 H'01B8
EXIRQ7 111 H'01DC Low
Note: * Lower 16 bits of the start address.
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54 Interrupt Operation

5.4.1 Interrupt Control Modes and Interrupt Operation
Interrupt operations in the H8S/2214 Group differ depending on the interrupt control mode.

NMI interrupts are accepted at all times except in the reset state and the hardware standby state. In
the case of IRQ interrupts and on-chip supporting module interrupts, an enable bit is provided for
each interrupt. Clearing an enable bit to 0 disables the corresponding interrupt request. Interrupt
sources for which the enable bits are set to 1 are controlled by the interrupt controller.

Table 5.5 shows the interrupt control modes.

The interrupt controller performs interrupt control according to the interrupt control mode set by
the INTM1 and INTMO bits in SYSCR, the priorities set in IPR, and the masking state indicated
by the I and UI bits in the CPU’s CCR, and bits 12 to I0 in EXR.

Table 5.5 Interrupt Control Modes

Interrupt SYSCR Priority Setting Interrupt

Control Mode INTM1 INTMO Registers Mask Bits Description

0 0 0 — | Interrupt mask control is
performed by the | bit.

— 1 — — Setting prohibited

2 1 0 IPR 12to 10 8-level interrupt mask control
is performed by bits 12 to 10.
8 priority levels can be set with
IPR.

— 1 — — Setting prohibited
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Figure 5.4 shows a block diagram of the priority decision circuit.

Interrupt
control
mode 0 [

I

Interrupt
Yy
acceptance
control
Interrupt source —
8-level
L1

mask control

Default priority

= [ > Vector number
determination

?
12to 10

Interrupt control mode 2

Figure 5.4 Block Diagram of Interrupt Control Operation

(1) Interrupt Acceptance Control

In interrupt control mode 0, interrupt acceptance is controlled by the I bit in CCR.

Table 5.6 shows the interrupts selected in each interrupt control mode.

Table 5.6  Interrupts Selected in Each Interrupt Control Mode (1)

Interrupt Mask Bits

Interrupt Control Mode |

Selected Interrupts

0 0 All interrupts
1 NMI interrupts
2 * All interrupts

(2) 8-Level Control

*: Don't care

In interrupt control mode 2, 8-level mask level determination is performed for the selected
interrupts in interrupt acceptance control according to the interrupt priority level (IPR).
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The interrupt source selected is the interrupt with the highest priority level, and whose priority
level set in IPR is higher than the mask level.

Table 5.7 Interrupts Selected in Each Interrupt Control Mode (2)

Interrupt Control Mode Selected Interrupts
0 All interrupts
2 Highest-priority-level (IPR) interrupt whose priority level is greater

than the mask level (IPR > 12 to 10).

(3) Default Priority Determination

When an interrupt is selected by 8-level control, its priority is determined and a vector number is
generated.

If the same value is set for IPR, acceptance of multiple interrupts is enabled, and so only the
interrupt source with the highest priority according to the preset default priorities is selected and
has a vector number generated.

Interrupt sources with a lower priority than the accepted interrupt source are held pending.
Table 5.8 shows operations and control signal functions in each interrupt control mode.

Table 5.8  Operations and Control Signal Functions in Each Interrupt Control Mode

Interrupt Acceptance

Interrupt Setting Control 8-Level Control De.fal_JIt

Control Priority T
Mode INTM1 INTMO | 12to 10 IPR Determination (Trace)
0 0 0 O IM X - =" o0 —

2 1 0 X —* O M PR O T
Legend:

O : Interrupt operation control performed

X 1 No operation. (All interrupts enabled)

IM : Used as interrupt mask bit

PR : Sets priority.

— : Not used.

Notes: 1. Setto 1 when interrupt is accepted.
2. Keep the initial setting.
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54.2 Interrupt Control Mode 0

Enabling and disabling of IRQ interrupts and on-chip supporting module interrupts can be set by
means of the I bit in the CPU’s CCR. Interrupts are enabled when the I bit is cleared to 0, and
disabled when set to 1.

Figure 5.5 shows a flowchart of the interrupt acceptance operation in this case.

[1] If an interrupt source occurs when the corresponding interrupt enable bit is set to 1, an
interrupt request is sent to the interrupt controller.

[2] The I bit is then referenced. If the I bit is cleared to O, the interrupt request is accepted. If the I
bit is set to 1, only an NMI interrupt is accepted, and other interrupt requests are held pending.

[3] Interrupt requests are sent to the interrupt controller, the highest-ranked interrupt according to
the priority system is accepted, and other interrupt requests are held pending.

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

[5] The PC and CCR are saved to the stack area by interrupt exception handling. The PC saved on
the stack shows the address of the first instruction to be executed after returning from the
interrupt handling routine.

[6] Next, the I bit in CCR is set to 1. This masks all interrupts except NMI.

[7] A vector address is generated for the accepted interrupt, and execution of the interrupt
handling routine starts at the address indicated by the contents of that vector address.
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'

Program execution status
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Interrupt generated?

Yes

No

Hold pending

| Save PC and CCR |
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| Read vector address |

|Branch to interrupt handling routine|

Figure 5.5 Flowchart of Procedure Up to Interrupt Acceptance in

Interrupt Control Mode 0
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543 Interrupt Control Mode 2

Eight-level masking is implemented for IRQ interrupts and on-chip supporting module interrupts
by comparing the interrupt mask level set by bits 12 to I0 of EXR in the CPU with IPR.

Figure 5.6 shows a flowchart of the interrupt acceptance operation in this case.

[1] If an interrupt source occurs when the corresponding interrupt enable bit is set to 1, an
interrupt request is sent to the interrupt controller.

[2] When interrupt requests are sent to the interrupt controller, the interrupt with the highest
priority according to the interrupt priority levels set in IPR is selected, and lower-priority
interrupt requests are held pending. If a number of interrupt requests with the same priority are
generated at the same time, the interrupt request with the highest priority according to the
priority system shown in table 5.4 is selected.

[3] Next, the priority of the selected interrupt request is compared with the interrupt mask level set
in EXR. An interrupt request with a priority no higher than the mask level set at that time is
held pending, and only an interrupt request with a priority higher than the interrupt mask level
is accepted.

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

[5] The PC, CCR, and EXR are saved to the stack area by interrupt exception handling. The PC
saved on the stack shows the address of the first instruction to be executed after returning from
the interrupt handling routine.

[6] The T bit in EXR is cleared to 0. The interrupt mask level is rewritten with the priority level of
the accepted interrupt.

If the accepted interrupt is NMI, the interrupt mask level is set to H'7.

[7]1 A vector address is generated for the accepted interrupt, and execution of the interrupt
handling routine starts at the address indicated by the contents of that vector address.
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Figure 5.6 Flowchart of Procedure Up to Interrupt Acceptance in

Interrupt Control Mode 2
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Interrupt Exception Handling Sequence

544

Figure 5.7 shows the interrupt exception handling sequence. The example shown is for the case

where interrupt control mode 0 is set in advanced mode, and the program area and stack area are

in on-chip memory.
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Figure 5.7 Interrupt Exception Handling
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545 Interrupt Response Times

The H8S/2214 Group is capable of fast word transfer instruction to on-chip memory, and the
program area is provided in on-chip ROM and the stack area in on-chip RAM, enabling high-
speed processing.

Table 5.9 shows interrupt response times—the interval between generation of an interrupt request
and execution of the first instruction in the interrupt handling routine. The execution status
symbols used in table 5.9 are explained in table 5.10.

Table 5.9 Interrupt Response Times

Normal Mode™ Advanced Mode
No. Execution Status INTM1 =0 INTM1=1 INTM1=0 INTM1=1
1 Interrupt priority determination™’ 3 3 3 3
2 Number of wait states until executing (1 to 19) (1to 19) (1to19) (1to 19)
instruction ends™* +2.8 +2-§ +2-8 +2-8
3 PC, CCR, EXR stack save 2.5, 3-S5, 2.8, 3-S5,
4 Vector fetch S S 2.8 2.8
5 Instruction fetch*® 2.5, 2.5, 2.8, 2.8,
6 Internal processing™ 2 2 2 2
Total (using on-chip memory) 1110 31 12 to 32 1210 32 1310 33

Notes: 1. Two states in case of internal interrupt.
2. Refers to MULXS and DIVXS instructions.
3. Prefetch after interrupt acceptance and interrupt handling routine prefetch.
4. Internal processing after interrupt acceptance and internal processing after vector fetch.
5. Not available in the H8S/2214 Group.
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Table 5.10 Number of States in Interrupt Handling Routine Execution Statuses

Object of Access

External Device

8 Bit Bus 16 Bit Bus
Internal 2-State 3-State 2-State 3-State
Symbol Memory  Access Access Access Access
Instruction fetch S 1 4 6+2m 2 3+m
Branch address read S,
Stack manipulation S,

m: Number of wait states in an external device access.

5.5 Usage Notes

5.5.1 Contention between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to 0 to disable interrupt requests, the disabling becomes
effective after execution of the instruction.

In other words, when an interrupt enable bit is cleared to 0 by an instruction such as BCLR or
MOV, if an interrupt is generated during execution of the instruction, the interrupt concerned will
still be enabled on completion of the instruction, and so interrupt exception handling for that
interrupt will be executed on completion of the instruction. However, if there is an interrupt
request of higher priority than that interrupt, interrupt exception handling will be executed for the
higher-priority interrupt, and the lower-priority interrupt will be ignored.

The same also applies when an interrupt source flag is cleared to 0.
Figure 5.8 shows and example in which the TGIEA bit in 16-bit timer TIERO is cleared to O.

The above contention will not occur if an enable bit or interrupt source flag is cleared to O while
the interrupt is masked.
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TIERO write cycle by CPU TGIOA exception handling

Internal ! |
address bus >< TIERO address ><

Internal
write signal

TGIEA

TGFA

TGIOA
interrupt signal

Figure 5.8 Contention between Interrupt Generation and Disabling

5.5.2 Instructions that Disable Interrupts

Instructions that disable interrupts are LDC, ANDC, ORC, and XORC. After any of these
instructions is executed, all interrupts including NMI are disabled and the next instruction is
always executed. When the I bit is set by one of these instructions, the new value becomes valid
two states after execution of the instruction ends.

553 Times when Interrupts Are Disabled
There are times when interrupt acceptance is disabled by the interrupt controller.

The interrupt controller disables interrupt acceptance for a 3-state period after the CPU has
updated the mask level with an LDC, ANDC, ORC, or XORC instruction.
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554 Interrupts during Execution of EEPMOYV Instruction
Interrupt operation differs between the EEPMOV B instruction and the EEPMOV.W instruction.

With the EEPMOV B instruction, an interrupt request (including NMI) issued during the transfer
is not accepted until the move is completed.

With the EEPMOV.W instruction, if an interrupt request is issued during the transfer, interrupt
exception handling starts at a break in the transfer cycle. The PC value saved on the stack in this
case is the address of the next instruction.

Therefore, if an interrupt is generated during execution of an EEPMOV.W instruction, the
following coding should be used.

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

5.5.5 IRQ Interrupts

When operating from a clock signal, interrupt requests are accepted in synchronization with the
clock.

Interrupt requests are accepted asynchronously in software standby mode.

See section 18.4.2, Control Signal Timing, for the input conditions.

5.5.6 NMI Interrupt Usage Notes

The NMI interrupt invokes exception handling that is performed by cooperation between the
interrupt controller and the CPU built into this IC during normal operation under the conditions
stipulated in the electrical characteristics. No operations, including the NMI interrupt, are
guaranteed if there are abnormal inputs to the IC pins or if there are software problems (e.g. if the
application has crashed or gone into an infinite loop). In such cases, the IC can be returned to the
normal program execution state by applying an external reset.
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5.6 DTC and DMAC Activation by Interrupt

5.6.1 Overview

The DTC and DMAC can be activated by an interrupt. In this case, the following options are
available:

e Interrupt request to CPU
e Activation request to DTC
e Activation request to DMAC

e Selection of a number of the above

For details of interrupt requests that can be used with to activate the DTC and DMAC, see section
7, DMA Controller (DMAC) and section 8, Data Transfer Controller (DTC).

5.6.2 Block Diagram

Figure 5.9 shows a block diagram of the DTC and DMAC interrupt controller.

é DMAC
©
[0} c
Ke) o2
g3 2
35 3
o o
I |
Interrupt DTC activation
request ) request vector
Selection number
circuit
IRQ
interrupt ,
i Control logi
ontrol logic DTC
. |Interrupt source .
On—ch!p clear signal Clear signal
supporting
module
DTVECR a
SWDTE
clear signal CPU interrupt
request vector
o number
Determlngtlon of CPU
priority 1, 12t0 10
Interrupt controller -

Figure 5.9 Interrupt Control for DTC and DMAC
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5.6.3 Operation
The interrupt controller has three main functions in DTC and DMAC control.
(1) Selection of Interrupt Source

DMAC inputs activation factor directly to each channel. The activation factors for each channel of
DMAC are selected by DTF3 to DTFO bits of DMACR. The DTA bit of DMABCR can be used to
select whether the selected activation factors are managed by DMAC. By setting the DTA bitto 1,
the interrupt factor which were the activation factor for that DMAC do not act as the DTC
activation factor or the CPU interrupt factor.

Interrupt factors other than the interrupts managed by the DMAC are selected as DTC activation
request or CPU interrupt request by the DTCE bit of the DTCEA to DTCEG of DTC.

By specifying the DISEL bit of the DTC's MRB, it is possible to clear the DTCE bit to 0 after
DTC data transfer, and request a CPU interrupt.

If DTC carries out the designate number of data transfers and the transfer counter reads 0, after
DTC data transfer, the DTCE bit is also cleared to 0, and a CPU interrupt requested.

(2) Determination of Priority

The DTC activation source is selected in accordance with the default priority order, and is not
affected by mask or priority levels. See section 8.4, Interrupts, and section 8.3.3, DTC Vector
Table for the respective priority.

(3) Operation Order

If the same interrupt is selected as a DTC activation source and a CPU interrupt source, the DTC
data transfer is performed first, followed by CPU interrupt exception handling.

If the same interrupt is selected as the DMAC activation factor and as the DTC activation factor or
CPU interrupt factor, these operate independently. They operate in accordance with the respective
operating states and bus priorities.

Table 5.11 shows the interrupt factor clear control and selection of interrupt factors by
specification of the DTA bit of DMAC's DMABCR, DTCE bits of DTC's DTCEA to DTCEG,
and the DISEL bit of DTC's MRB.
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Table 5.11 Interrupt Source Selection and Clearing Control

Settings
DMAC DTC Interrupt Sources Selection/Clearing Control
DTA DTCE DISEL DMAC DTC CPU
0 0 * @) X ©

1 0 O © X

1 O O ©

1 * * © X X
Legend:

© : The relevant interrupt is used. Interrupt source clearing is performed.
(The CPU should clear the source flag in the interrupt handling routine.)

O : The relevant interrupt is used. The interrupt source is not cleared.

X : The relevant bit cannot be used.

* : Don'’t care

(4) Notes on Use

The SCI interrupt source is cleared when the DMAC or DTC reads or writes to the prescribed
register, and is not dependent upon the DTA bit, DTCE bit, or DISEL bit.
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Section 6 Bus Controller

6.1 Overview

The H8S/2214 Group has an on-chip bus controller (BSC) that manages the external address space
divided into eight areas. The bus specifications, such as bus width and number of access states,
can be set independently for each area, enabling multiple memories to be connected easily.

The bus controller also has a bus arbitration function, and controls the operation of the internal bus
masters: the CPU, DMA controller (DMAC), and data transfer controller (DTC).

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

e Manages external address space in area units
— Manages the external space as 8 areas of 2-Mbytes
— Bus specifications can be set independently for each area
— Burst ROM interface can be set
e Basic bus interface
— Chip select (@ to @) can be output for areas 0 to 7
— 8-bit access or 16-bit access can be selected for each area
— 2-state access or 3-state access can be selected for each area
— Program wait states can be inserted for each area
e Burst ROM interface
— Burst ROM interface can be set for area 0
— Choice of 1- or 2-state burst access
e Idle cycle insertion
— An idle cycle can be inserted in case of an external read cycle between different areas

— An idle cycle can be inserted in case of an external write cycle immediately after an
external read cycle

e Bus arbitration function
— Includes a bus arbiter that arbitrates bus mastership among the CPU, DMAC, and DTC
e Other features

— External bus release function
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6.1.2 Block Diagram

Figure 6.1 shows a block diagram of the bus controller.

CS0to CS7 — Internal
Area decoder __ address bus
ABWCR
External bus control signals ASTCR o
BCRH
BCRL S
BREQ ————————*™
_ [2]
-
BACK Bus 3 Internal control
controller % signals
o
g
o™ Bus mode signal
S
— | Wait
WAIT controller WCRH
WCRL
<—— CPU bus request signal
~+—— DTC bus request signal
E— Bus arbiter ~+—— DMAC bus request signal
— CPU bus acknowledge signal
— DTC bus acknowledge signal
— DMAC bus acknowledge signal
Legend:

ABWCR: Bus width control register
ASTCR: Access state control register
BCRH: Bus control register H

BCRL: Bus control register L

WCRH: Wait state control register H
WCRL: Wait state control register L

Figure 6.1 Block Diagram of Bus Controller
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6.1.3 Pin Configuration

Table 6.1 summarizes the pins of the bus controller.

Table 6.1 Bus Controller Pins

Name Symbol /0 Function

Address strobe AS Output  Strobe signal indicating that address output on address
bus is enabled.

Read RD Output  Strobe signal indicating that external space is being
read.

High write HWR Output  Strobe signal indicating that external space is to be
written, and upper half (D15 to D8) of data bus is
enabled.

Low write LWR Output  Strobe signal indicating that external space is to be

written, and lower half (D7 to DO) of data bus is enabled.

Chip select0to7  CSOto Output

Strobe signal indicating that areas 0 to 7 are selected.

CS7
Wait WAIT Input Wait request signal when accessing external 3-state
access space.
Bus request BREQ Input Request signal that releases bus to external device.
Bus request BACK Output  Acknowledge signal indicating that bus has been

acknowledge

released.
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6.1.4 Register Configuration
Table 6.2 summarizes the registers of the bus controller.

Table 6.2  Bus Controller Registers

Initial Value
Power-On Manual
Name Abbreviation R/W Reset Reset Address™
Bus width control register ABWCR R/W HFF/H00™  Retained HFEDO
Access state control register ASTCR R/W HFF Retained H'FED1
Wait control register H WCRH RW HFF Retained H'FED2
Wait control register L WCRL R/W  HFF Retained H'FEDS
Bus control register H BCRH R/W  H'DO Retained H'FED4
Bus control register L BCRL R/W  H'08 Retained H'FED5
Pin function control register PFCR R/W HOD/H00*  Retained HFDEB

Notes: 1. Lower 16 bits of the address.

2. Determined by the MCU operating mode. Initialized to H'00 in mode 4, and to H'FF in
modes 5to 7.

3. Initialized to H'OD in modes 4 and 5, and to H'00 in modes 6 and 7.
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6.2 Register Descriptions

6.2.1 Bus Width Control Register (ABWCR)

Bit : 7 6 5 4 3 2 1 0

| ABW?7 | ABW6 | ABW5 | ABW4 | ABW3 | ABW?2 | ABW1 | ABWO |
Modes 5 to 7
Initial value : 1 1 1 1 1 1 1 1
RW : R/W R/W R/W R/W R/W R/W R/W R/W
Mode 4
Initial value : 0 0 0 0 0 0 0 0
RwW : R/W R/W R/W R/W R/W R/W R/W R/W

ABWCR is an 8-bit readable/writable register that designates each area for either 8-bit access or
16-bit access.

ABWCR sets the data bus width for the external memory space. The bus width for on-chip
memory and internal I/O registers is fixed regardless of the settings in ABWCR.

After a power-on reset and in hardware standby mode, ABWCR is initialized to H'FF in modes 5,
6, and 7, and to H'00 in mode 4. It is not initialized by a manual reset or in software standby mode.

Bits 7 to 0—Area 7 to 0 Bus Width Control (ABW7 to ABW0): These bits select whether the
corresponding area is to be designated for 8-bit access or 16-bit access.

Bitn

ABWn Description

0 Area n is designated for 16-bit access
1 Area n is designated for 8-bit access

(n=71o00)
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6.2.2 Access State Control Register (ASTCR)

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
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

ASTCR is an 8-bit readable/writable register that designates each area as either a 2-state access
space or a 3-state access space.

ASTCR sets the number of access states for the external memory space. The number of access
states for on-chip memory and internal I/O registers is fixed regardless of the settings in ASTCR.

ASTCR is initialized to H'FF by a power-on reset and in hardware standby mode. It is not
initialized by a manual reset or in software standby mode.

Bits 7 to 0—Area 7 to 0 Access State Control (AST7 to ASTO0): These bits select whether the
corresponding area is to be designated as a 2-state access space or a 3-state access space.

Wait state insertion is enabled or disabled at the same time.

Bit n
ASTn Description
0 Area n is designated for 2-state access
Wait state insertion in area n external space is disabled
1 Area n is designated for 3-state access (Initial value)

Wait state insertion in area n external space is enabled

(n=71o00)
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6.2.3 Wait Control Registers H and L (WCRH, WCRL)

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

Program waits are not inserted in the case of on-chip memory or internal I/O registers.

WCRH and WCRL are initialized to HFF by a power-on reset and in hardware standby mode.
They are not initialized by a manual reset or in software standby mode.

(1) WCRH
Bit : 7 6 5 4 3 2 1 0

| W71 | W70 | W61 | W60 | W51 | W50 | W41 | W40 |
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

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

Bit 7 Bit 6
w71 w70 Description
0 0 Program wait not inserted when external space area 7 is accessed
1 1 program wait state inserted when external space area 7 is accessed
1 0 2 program wait states inserted when external space area 7 is accessed
1 3 program wait states inserted when external space area 7 is accessed

(Initial value)

Rev.4.00 Sep. 18, 2008 Page 125 of 872
REJ09B0189-0400

RENESAS



Section 6 Bus Controller

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

Bit5 Bit 4
wé61 w60 Description
0 0 Program wait not inserted when external space area 6 is accessed
1 1 program wait state inserted when external space area 6 is accessed
1 0 2 program wait states inserted when external space area 6 is accessed
1 3 program wait states inserted when external space area 6 is accessed

(Initial value)

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

Bit 3 Bit 2
w51 w50 Description
0 0 Program wait not inserted when external space area 5 is accessed
1 1 program wait state inserted when external space area 5 is accessed
1 0 2 program wait states inserted when external space area 5 is accessed
1 3 program wait states inserted when external space area 5 is accessed

(Initial value)

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

Bit 1 Bit 0
w41 w40 Description
0 0 Program wait not inserted when external space area 4 is accessed
1 1 program wait state inserted when external space area 4 is accessed
1 0 2 program wait states inserted when external space area 4 is accessed
1 3 program wait states inserted when external space area 4 is accessed

(Initial value)
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3 2 1 0

w21 | W20 |

W11 | W10 | WO1 | W00 ‘

(2) WCRL
Bit : 7 6
| W31 | W30 |
Initial value : 1 1
R/W : R/W R/W

1 1 1 1
R/W R/W R/W R/W

Bits 7 and 6—Area 3 Wait Control 1 and 0 (W31, W30): These bits select the number of
program wait states when area 3 in external space is accessed while the AST3 bit in ASTCR is set

to 1.

Bit 7 Bit 6

w31 w30 Description

0 Program wait not inserted when external space area 3 is accessed

1 program wait state inserted when external space area 3 is accessed

2 program wait states inserted when external space area 3 is accessed

- O =] O

3 program wait states inserted when external space area 3 is accessed

(Initial value)

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

to 1.
Bit5 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)

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

Bit 3 Bit 2
w11 w10 Description
0 0 Program wait not inserted when external space area 1 is accessed
1 1 program wait state inserted when external space area 1 is accessed
1 0 2 program wait states inserted when external space area 1 is accessed
1 3 program wait states inserted when external space area 1 is accessed

(Initial value)

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

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

(Initial value)
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6.2.4 Bus Control Register H (BCRH)

Bit : 7 6 5 4 3 2 1 0

| ICIS1 | ICISO |BRSTRM|BRSTS1|BRSTSO| — | — | — ‘
Initial value : 1 1 0 1 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

BCRH is an 8-bit readable/writable register that selects enabling or disabling of idle cycle
insertion, and the memory interface for area 0.

BCRH is initialized to H'DO by a power-on reset and in hardware standby mode. It is not
initialized by a manual reset or in software standby mode.

Bit 7—Idle Cycle Insert 1 (ICIS1): Selects whether or not one idle cycle state is to be inserted
between bus cycles when successive external read cycles are performed in different areas.

Bit 7

ICIST Description

0 Idle cycle not inserted in case of successive external read cycles in different areas
1 Idle cycle inserted in case of successive external read cycles in different areas

(Initial value)

Bit 6—Idle Cycle Insert 0 (ICIS0): Selects whether or not one idle cycle state is to be inserted
between bus cycles when successive external read and external write cycles are performed.

Bit 6

ICISO Description

0 Idle cycle not inserted in case of successive external read and external write cycles
1 Idle cycle inserted in case of successive external read and external write cycles

(Initial value)
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Bit 5—Burst ROM Enable (BRSTRM): Selects whether area 0O is used as a burst ROM
interface.

Bit5

BRSTRM Description

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

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

Bit 4

BRSTS1 Description

0 Burst cycle comprises 1 state

1 Burst cycle comprises 2 states (Initial value)

Bit 3—Burst Cycle Select 0 (BRSTSO0): Selects the number of words that can be accessed in a
burst ROM interface burst access.

Bit 3

BRSTSO0 Description

0 Max. 4 words in burst access (Initial value)
1 Max. 8 words in burst access

Bits 2 to 0—Reserved: Only 0 should be written to these bits.
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6.2.5 Bus Control Register L. (BCRL)

Bit : 7 6 5 4 3 2 1 0
leRe | — | — | — | — | — | — [ware]

Initial value : 0 0 0 0 1 0 0 0

R/W : R/W R/W — R/W R/W R/W R/W R/W

BCRL is an 8-bit readable/writable register that performs selection of the external bus-released
state protocol, and enabling or disabling of WAIT pin input.

BCRL is initialized to H'0O8 by a power-on reset and in hardware standby mode. It is not initialized
by a manual reset or in software standby mode.

Bit 7—Bus Release Enable (BRLE): Enables or disables external bus release.

Bit 7
BRLE Description
0 External bus release is disabled. BREQ and BACK can be used as I/O ports.
(Initial value)
1 External bus release is enabled.

Bit 6—Reserved: Only 0 should be written to this bit.

Bit 5—Reserved: This bit cannot be modified and is always read as 0.
Bit 4—Reserved: Only 0 should be written to this bit.

Bit 3—Reserved: Only 1 should be written to this bit.

Bits 2 and 1—Reserved: Only 0 should be written to these bits.

Bit 0—WAIT Pin Enable (WAITE): Selects enabling or disabling of wait input by the WAIT

pin.

Bit 0

WAITE Description

0 Wait input by WAIT pin disabled. WAIT pin can be used as I/O port. (Initial value)
1 Wait input by WAIT pin enabled
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6.2.6 Pin Function Control Register (PFCR)

Bit 7 6 5 4 3 2 1 0
T [ — [ = [ = [ oes [ a2 [ aer | aeo |

Modes 4 and 5

Initial value : 0 0 0 0 1 1 0 1
Modes 6 and 7

Initial value : 0 0 0 0 0 0 0 0
R/W . RW R/W R/W R/W R/W R/W R/W R/W

PFCR is an 8-bit readable/writable register that performs address output control in external
expanded mode.

PFCR is initialized to H'OD (modes 4 and 5) or H'00 (modes 6 and 7) by a power-on reset and in
hardware standby mode. It retains its previous state in a manual reset and in software standby
mode.

Bits 7 to 4—Reserved: Only 0 should be written to these bits.

Bits 3 to 0—Address Output Enable 3 to 0 (AE3 to AE0): These bits select enabling or
disabling of address outputs A8 to A23 in ROMless expanded mode and modes with ROM. When
a pin is enabled for address output, the address is output regardless of the corresponding DDR
setting. When a pin is disabled for address output, it becomes an output port when the
corresponding DDR bit is set to 1.
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Bit3 Bit2 Bit1 Bit 0
AE3 AE2 AE1 AEO Description

0 0 0 0 A8 to A23 output disabled (Initial value™1)
1 A8 output enabled; A9 to A23 output disabled
1 0 A8, A9 output enabled; A10 to A23 output disabled
1 A8 to A10 output enabled; A11 to A23 output disabled
1 0 0 A8 to A11 output enabled; A12 to A23 output disabled
1 A8 to A12 output enabled; A13 to A23 output disabled
1 0 A8 to A13 output enabled; A14 to A23 output disabled
1 A8 to A14 output enabled; A15 to A23 output disabled
1 0 0 0 A8 to A15 output enabled; A16 to A23 output disabled
1 A8 to A16 output enabled; A17 to A23 output disabled
1 0 A8 to A17 output enabled; A18 to A23 output disabled
1 A8 to A18 output enabled; A19 to A23 output disabled
1 0 0 A8 to A19 output enabled; A20 to A23 output disabled
1 A8 to A20 output enabled; A21 to A23 output disabled
(Initial value™2)
1 0 A8 to A21 output enabled; A22, A23 output disabled

1 A8 to A23 output enabled

Notes: 1. In expanded mode with ROM, bits AE3 to AEO are initialized to B'0000.

In expanded mode with ROM, address pins AO to A7 are made address outputs by
setting the corresponding DDR bits to 1.

2. In ROMless expanded mode, bits AE3 to AEO are initialized to B'1101.
In ROMIess expanded mode, address pins A0 to A7 are always made address output.
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6.3 Overview of Bus Control

6.3.1 Area Divisions

In advanced mode, the bus controller partitions the 16 Mbytes address space into eight areas, 0 to
7, in 2-Mbyte units, and performs bus control for external space in area units. In normal mode™, it
controls a 64-kbyte address space comprising part of area 0. Figure 6.2 shows an outline of the
memory map.

Chip select signals (CSO to CS7) can be output for each area.

Note: * Not available in the H8S/2214 Group.

H'000000 H'0000
Area 0 X
(2 Mbytes)
H'1FFFFF
H'200000
Area 1
(2 Mbytes)
H'3FFFFF
H'400000
Area 2
2M
(& Mbytes) - HEFFE.
H'5FFFFF
H'600000
Area 3
(2 Mbytes)
H7FFFFF
H'800000
Area 4
(2 Mbytes)
H'9FFFFF
H'A00000
Area 5
(2 Mbytes)
H'BFFFFF
H'C00000
Area 6
(2 Mbytes)
H'DFFFFF
H'E00000
Area7
(2 Mbytes)
___ HFFFFFF
(1) Advanced mode (2) Normal mode*

Note: * Not available in the H8S/2214 Group.

Figure 6.2 Overview of Area Divisions
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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 internal I/O registers are
fixed, and are not affected by the bus controller.

(1) Bus Width

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

If all areas are designated for 8-bit access, 8-bit bus mode is set; if any area is designated for 16-bit
access, 16-bit bus mode is set. When the burst ROM interface is designated, 16-bit bus mode is
always set.

(2) Number of Access States

Two or three access states can be selected with ASTCR. An area for which 2-state access is
selected functions as a 2-state access space, and an area for which 3-state access is selected
functions as a 3-state access space.

With the burst ROM interface, the number of access states may be determined without regard to
ASTCR.

When 2-state access space is designated, wait insertion is disabled.
(3) Number of Program Wait States

When 3-state access space is designated by ASTCR, the number of program wait states to be
inserted automatically is selected with WCRH and WCRL. From 0 to 3 program wait states can be
selected.

Table 6.3 shows the bus specifications for each basic bus interface area.

Rev.4.00 Sep. 18, 2008 Page 135 of 872
REJ09B0189-0400
RENESAS



Section 6 Bus Controller

Table 6.3  Bus Specifications for Each Area (Basic Bus Interface)

ABWCR ASTCR WCRH, WCRL Bus Specifications (Basic Bus Interface)
Program Wait
ABWn ASTn Wn1 Wno Bus Width Access States States
0 0 — — 16 2 0
1 0 0 3 0
1 1
1 0 2
1 3
1 0 — — 8 0
0 0 0
1 1
1 0 2
1 3

6.3.3 Memory Interfaces

The H8S/2214 Group memory interfaces comprise a basic bus interface that allows direct
connection of ROM, SRAM, and so on, and a burst ROM interface (for area O only) that allows
direct connection of burst ROM.

An area for which the basic bus interface is designated functions as normal space, and an area for
which the burst ROM interface is designated functions as burst ROM space.
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6.3.4 Interface Specifications for Each Area

The initial state of each area is basic bus interface, 3-state access space. The initial bus width is
selected according to the operating mode. The bus specifications described here cover basic items
only, and the sections on each memory interface (see section 6.4, Basic Bus Interface, and 6.5,
Burst ROM Interface) should be referred to for further details.

(1) Area0

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

When area 0 external space is accessed, the CSO signal can be output.
Either basic bus interface or burst ROM interface can be selected for area 0.
(2) Areas1to 6

In external expansion mode, all of areas 1 to 6 is external space.

When area 1 to 6 external space is accessed, the CS1 to CS6 pin signals respectively can be
output.

Only the basic bus interface can be used for areas 1 to 6.
(3) Area7

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

When the P7SMSOE bit in the external module connection output pin select register (OPINSEL)
is set to 1, the external module expansion function is enabled and the signal is output for addresses
H'FFFF40 to HFFFFSF. When the P7SMSOE bit is cleared to 0, the external module expansion
function is disabled and the corresponding addresses are external space.

When area 7 external space is accessed, the CS7 signal can be output.

Only the basic bus interface can be used for the area 7.
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6.3.5 Chip Select Signals

The H8S/2214 Group can output chip select signals (CSO to CS7) to areas O to 7, the signal being
driven low when the corresponding external space area is accessed.

Figure 6.3 shows an example of CSn (n = 0 to 7) output timing.

Enabling or disabling of the CSn signal is performed by setting the data direction register (DDR)
for the port corresponding to the particular CSn pin.

In ROM-disabled expansion mode, the CSO pin is placed in the output state after a power-on reset.
Pins CS1 to CS7 are placed in the input state after a power-on reset, and so the corresponding
DDR should be set to 1 when outputting signals CS1 to CS7.

In ROM-enabled expansion mode, pins CSO to CS7 are all placed in the input state after a power-
on reset, and so the corresponding DDR should be set to 1 when outputting signals CSO to CS7.

For details, see section 9, I/0 Ports.

Bus cycle
3 T, T, T,
: L]
Address bus X Area n external address X
CSn

Figure 6.3 CSn Signal Output Timing (n =0 to 7)
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64 Basic Bus Interface

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

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

6.4.2 Data Size and Data Alignment

Data sizes for the CPU and other internal bus masters are byte, word, and longword. The bus
controller has a data alignment function, and when accessing external space, controls whether the
upper data bus (D15 to D8) or lower data bus (D7 to DO0) is used according to the bus
specifications for the area being accessed (8-bit access space or 16-bit access space) and the data
size.

(1) 8-Bit Access Space

Figure 6.4 illustrates data alignment control for the 8-bit access space. With the 8-bit access space,
the upper data bus (D15 to D8) is always used for accesses. The amount of data that can be
accessed at one time is one byte: a word transfer instruction is performed as two byte accesses, and
a longword transfer instruction, as four byte accesses.

Upper data bus Lower data bus
(D15 D8, D7 DO,

Byte size |“““‘|

) 1st bus cycle | : : : : : : :
Word size | T T T T T 1 |

2nd bus cycle

1st bus cycle

Longword size 2nd bus cycle

3rd bus cycle

4th bus cycle

Figure 6.4 Access Sizes and Data Alignment Control (8-Bit Access Space)
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(2) 16-Bit Access Space

Figure 6.5 illustrates data alignment control for the 16-bit access space. With the 16-bit access
space, the upper data bus (D15 to D8) and lower data bus (D7 to DO) are used for accesses. The
amount of data that can be accessed at one time is one byte or one word, and a longword transfer
instruction is executed as two word transfer instructions.

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

Upper data bus Lower data bus
D15 D8 D7 DO,

Byte size e« Even address R
Byte size ¢ Odd address | — |

Word size I B
Longword | 1stbuscycle [ | . ., |
size endbuscycle | | | 0 [0 ]

Figure 6.5 Access Sizes and Data Alignment Control (16-Bit Access Space)
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6.4.3 Valid Strobes
Table 6.4 shows the data buses used and valid strobes for the access spaces.

In a read, the RD signal is valid without discrimination between the upper and lower halves of the
data bus.

In a write, the HWR signal is valid for the upper half of the data bus, and the LWR signal for the
lower half.

Table 6.4 Data Buses Used and Valid Strobes

Access Read/ Valid Upper Data Bus Lower data bus
Area Size Write Address Strobe (D15 to D8) (D7 to DO)
8-bit access  Byte Read — RD Valid Invalid
space Write — HWR Hi-Z
16-bit access Byte Read Even RD Valid Invalid
space Odd Invalid Valid
Write  Even HWR Valid Hi-Z
Odd LWR Hi-Z Valid
Word Read — RD Valid Valid
Write — HWR, LWR Valid Valid

Notes: Hi-Z: High impedance.
Invalid: Input state; input value is ignored.
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6.4.4 Basic Timing
(1) 8-Bit 2-State Access Space

Figure 6.6 shows the bus timing for an 8-bit 2-state access space. When an 8-bit access space is
accessed, the upper half (D15 to D8) of the data bus is used.

Wait states cannot be inserted.

—— Buscycle ——————»

T1 3 T2 3

e e
.
-

Address bus

RD : i
Read D15 to D8 i } @
D7 to DO 3 3 @

I
my]

LWR ! High
(16-bit bus mode) ! !

Write WR
(8-bit bus mode)

D15 to D8 H | Valid F

High imbedance

High impedance

D7 to DO

Note: n=0to7

Figure 6.6 Bus Timing for 8-Bit 2-State Access Space
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(2) 8-Bit 3-State Access Space

Figure 6.7 shows the bus timing for an 8-bit 3-state access space. When an 8-bit access space is
accessed, the upper half (D15 to D8) of the data bus is used.

Wait states can be inserted.

Read

Write

Bus cycle
To

—

Address bus

|

O
2]
=

g

i

D15 to D8

Valid !

D7 to DO

Invalid |

I
my]

LWR
(16-bit bus mode)

LWR

High

i High impedance 3

(8-bit bus mode)

D15 to D8 j

D7 to DO

I sl

Valid |

High impedance

Note: n=0to 7

Figure 6.7 Bus Timing for 8-Bit 3-State Access Space
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(3) 16-Bit 2-State Access Space

Figures 6.8 to 6.10 show bus timings for a 16-bit 2-state access space. When a 16-bit access space
is accessed, the upper half (D15 to D8) of the data bus is used for the even address, and the lower
half (D7 to DO) for the odd address.

Wait states cannot be inserted.

———— Buscycle —————————™

Ty

¢
Address bus X
CSn

Read { D15toD8 : : valid !

D7 to DO : : Invalid |

QQTTWHNA

|

I
=
By

LWR 3 High

D15 to D8 —< " Vald >—

High impedance

Write

D7 to DO

Note: n=0to 7

Figure 6.8 Bus Timing for 16-Bit 2-State Access Space (Even Address Byte Access)
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Read

Write

Address bus

D15 to D8

D7 to DO

D15 to D8

D7 to DO

Note: n=0to7

—————— Buscycle —————————

Ty T2

x C

Invalid

Valid

High

High impedance

HETE——

Figure 6.9 Bus Timing for 16-Bit 2-State Access Space (Odd Address Byte Access)
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Read

Write

Address bus

D15 to D8

D7 to DO

D15 to D8

D7 to DO

Note: n=0to7

—————— Buscycle ————————

Ty T2

x C

{ valid | }—

{ Vvalid 'F—

S S—

Valid

e

Figure 6.10 Bus Timing for 16-Bit 2-State Access Space (Word Access)
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(4) 16-Bit 3-State Access Space

Figures 6.11 to 6.13 show bus timings for a 16-bit 3-state access space. When a 16-bit access
space is accessed, the upper half (D15 to D8) of the data bus is used for the even address, and the
lower half (D7 to DO) for the odd address.

Wait states can be inserted.

Bus cycle
To

Address bus

CSn

Jg%‘

Read | D15to D8 —— ] Valid |

D7 to DO —— ] Invalid |

QQTTF?H;'

WR | . High

D15 to D8 H ! Valid

High impedance

Write

D7 to DO

Note: n=0to 7

Figure 6.11 Bus Timing for 16-Bit 3-State Access Space (Even Address Byte Access)
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- Bus cycle -
| T To | T3 |
0
Address bus >< ! B
CSn
AS i i i
RD |

Read < D15to D8

{ Invalid )—
{ valid |}—

D7 to DO ‘
HWR High |
LWR | 1
Write :
D15 to D8 High impedance

D7 to DO ——< | Valid | >7

Note: n=0to 7

Figure 6.12 Bus Timing for 16-Bit 3-State Access Space (Odd Address Byte Access)
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Bus cycle
T2

Address bus

CSn

JLJ%‘

Read | D15t0D8 — j Valid |

D7t0 D0 — j Valid |

LWR

Write

D15 to D8 Valid

D7 to DO I ! Valid

TTI}QQTTFTM;'

Note: n=0to7

Figure 6.13 Bus Timing for 16-Bit 3-State Access Space (Word Access)
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6.4.5 Wait Control

When accessing external space, the H8S/2214 Group can extend the bus cycle by inserting one or
more wait states (Tw). There are two ways of inserting wait states: (1) program wait insertion and
(2) pin wait insertion using the WAIT pin.

(1) Program Wait Insertion

From 0 to 3 wait states can be inserted automatically between the T, state and T, state on an
individual area basis in 3-state access space, according to the settings of WCRH and WCRL.

(2) Pin Wait Insertion

Setting the WAITE bit in BCRH to 1 enables wait insertion by means of the WAIT pin. When
external space is accessed in this state, program wait insertion is first carried out according to the
settings in WCRH and WCRL. Then, if the WAIT pin is low at the falling edge of ¢ in the last T,
or T, state, a T,, state is inserted. If the WAIT pin is held low, T,, states are inserted until it goes
high.

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

The WAITE bit setting applies to all areas.
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Figure 6.14 shows an example of wait state insertion timing.

By program wait By WAIT pin

T4 To Tw Tw Tw T3
[ -t - - - - =
0 J r
WAIT
Address bus :>< >{
AS
RD
Read
Data bus { Readdata |-
HWR, LWR
Write
Data bus 4< Write data >—

Note: | indicates the timing of WAIT pin sampling.

Figure 6.14 Example of Wait State Insertion Timing

The settings after a power-on reset are: 3-state access, 3 program wait state insertion, and WAIT
input disabled. When a manual reset is performed, the contents of bus controller registers are
retained, and the wait control settings remain the same as before the reset.
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6.5 Burst ROM Interface

6.5.1 Overview

With the H8S/2214 Group, external space area 0 can be designated as burst ROM space, and burst
ROM interfacing can be performed. The burst ROM space interface enables 16-bit configuration
ROM with burst access capability to be accessed at high speed.

Area 0 can be designated as burst ROM space by means of the BRSTRM bit in BCRH.
Consecutive burst accesses of a maximum of 4 words or 8 words can be performed for CPU
instruction fetches only. One or two states can be selected for burst access.

6.5.2 Basic Timing

The number of states in the initial cycle (full access) of the burst ROM interface is in accordance
with the setting of the ASTO bit in ASTCR. Also, when the ASTO bit is set to 1, wait state
insertion is possible. One or two states can be selected for the burst cycle, according to the setting
of the BRSTS1 bit in BCRH. Wait states cannot be inserted. When area 0O is designated as burst
ROM space, it becomes 16-bit access space regardless of the setting of the ABWO bit in ABWCR.

When the BRSTSO bit in BCRH is cleared to O, burst access of up to 4 words is performed; when
the BRSTSO bit is set to 1, burst access of up to 8 words is performed.

The basic access timing for burst ROM space is shown in figures 6.15 and 6.16. The timing shown
in figure 6.15 is for the case where the ASTO and BRSTS1 bits are both set to 1, and that in figure
6.16 is for the case where both these bits are cleared to 0.
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Full access

Burst access
To Ty

T

Address bus :><

\/
>< Only lower adg\ress changed ><

-

cso _|

-

Data bus —< Read data >—< Read data >—< Read data >~

Figure 6.15 Example of Burst ROM Access Timing (When AST0 = BRSTS1 =1)
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Full access Burst access

T4 To Ty T4

: ( \/ ) :
Address bus ><On|y lower ad;:i\ress changed
CSo

AS

Data bus 4< Read data ><Read data><Read data>i

Figure 6.16 Example of Burst ROM Access Timing (When AST0 = BRSTS1 = 0)

6.5.3 Wait Control

As with the basic bus interface, either (1) program wait insertion or (2) pin wait insertion using the
WAIT pin can be used in the initial cycle (full access) of the burst ROM interface. See section

6.4.5, Wait Control.

Wait states cannot be inserted in a burst cycle.
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6.6 Idle Cycle

6.6.1 Operation

When the H8S/2214 Group accesses external space, it can insert a 1-state idle cycle (T,) between
bus cycles in the following two cases: (1) when read accesses between different areas occur
consecutively, and (2) when a write cycle occurs immediately after a read cycle. By inserting an
idle cycle it is possible, for example, to avoid data collisions between ROM, with a long output
floating time, and high-speed memory, I/O interfaces, and so on.

(1) Consecutive Reads between Different Areas

If consecutive reads between different areas occur while the ICIS1 bit in BCRH is set to 1, an idle
cycle is inserted at the start of the second read cycle.

Figure 6.17 shows an example of the operation in this case. In this example, bus cycle A is a read
cycle from ROM with a long output floating time, and bus cycle B is a read cycle from SRAM,
each being located in a different area. In (a), an idle cycle is not inserted, and a collision occurs in
cycle B between the read data from ROM and that from SRAM. In (b), an idle cycle is inserted,
and a data collision is prevented.

Bus cycle A Buscycle B Bus cycle A Bus cycle B

T T, T3 Ty T, T T, Ta T Ty T,

Data bus | —§. Data bus

/o 1 - 1T

: ‘ Data
Long output | collision
floating time
(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIS1 =0) (Initial value ICIS1 = 1)

Figure 6.17 Example of Idle Cycle Operation (1)

Rev.4.00 Sep. 18, 2008 Page 155 of 872
REJ09B0189-0400
RENESAS



Section 6 Bus Controller

(2) Write after Read

If an external write occurs after an external read while the ICISO bit in BCRH is set to 1, an idle
cycle is inserted at the start of the write cycle.

Figure 6.18 shows an example of the operation in this case. In this example, bus cycle A is a read
cycle from ROM with a long output floating time, and bus cycle B is a CPU write cycle. In (a), an
idle cycle is not inserted, and a collision occurs in cycle B between the read data from ROM and
the CPU write data. In (b), an idle cycle is inserted, and a data collision is prevented.

Bus cycle A Buscycle B Bus cycle A Bus cycle B

| | |
- e et
| | |
| | |
| | |

T T, Ta Ty T, T, T, T T Ty Tp

0 o_]

Address bus :b( 9( QC Address bus :b( X X:

CS (area A) —|—|—_ TS (area A)
CS (areaB) |

R L. [ RD
AR 1
Data bus Data bus j—(

AWR

‘ ‘ Data
Long output collision
floating time
(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIS1 =0) (Initial value ICIS1 = 1)

Figure 6.18 Example of Idle Cycle Operation (2)
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(3) Relationship between Chip Select (CS) Signal and Read (RD) Signal

Depending on the system’s load conditions, the RD signal may lag behind the CS signal. An
example is shown in figure 6.19.

In this case, with the setting for no idle cycle insertion (a), there may be a period of overlap
between the bus cycle A RD signal and the bus cycle B CS signal.

Setting idle cycle insertion, as in (b), however, will prevent any overlap between the RD and CS
signals.

In the initial state after reset release, idle cycle insertion (b) is set.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

T T, Ty Ty T T T, Ty T Ty T,
o

Address bus :b( ) X: Address bus j EX X:
CS (area A) f CS (area A) 3

Possibility of overlap between
CS (area B) and RD

(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIS1 =0) (Initial value ICIS1 = 1)

Figure 6.19 Relationship between Chip Select (CS) and Read (RD)
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6.6.2 Pin States in Idle Cycle
Table 6.5 shows pin states in an idle cycle.

Table 6.5 Pin States in Idle Cycle

Pins Pin State

A23 to AO Contents of next bus cycle
D15 to DO High impedance

CSn High

AS High

RD High

HWR High

LWR High
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6.7 Bus Release

6.7.1 Overview

The H8S/2214 Group can release the external bus in response to a bus request from an external
device. In the external bus released state, the internal bus master continues to operate as long as
there is no external access.

6.7.2 Operation

In external expansion mode, the bus can be released to an external device by setting the BRLE bit
in BCRL to 1. Driving the BREQ pin low issues an external bus request to this LSI. When the
BREQ pin is sampled, at the prescribed timing the BACK pin is driven low, and the address bus,
data bus, and bus control signals are placed in the high-impedance state, establishing the external
bus-released state.

In the external bus released state, an internal bus master can perform accesses using the internal
bus. When an internal bus master wants to make an external access, it temporarily defers
activation of the bus cycle, and waits for the bus request from the external bus master to be
dropped.

When the BREQ pin is driven high, the BACK pin is driven high at the prescribed timing and the
external bus released state is terminated.

In the event of simultaneous external bus release request and external access request generation,
the order of priority is as follows:

(High) External bus release > Internal bus master external access (Low)
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6.7.3 Pin States in External Bus Released State
Table 6.6 shows pin states in the external bus released state.

Table 6.6 Pin States in Bus Released State

Pins Pin State

A23 to AO High impedance
D15 to DO High impedance
CSn High impedance
AS High impedance
RD High impedance
HWR High impedance
LWR High impedance
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6.7.4 Transition Timing

Figure 6.20 shows the timing for transition to the bus-released state.

CPU
CPU cycle External bus released state cycle
To T Ty
0 I I A O R R O R R B
: : : High impedance :
Address bus >< Address >< / :
High impedance
Data bus i
: High impedance
/

High impedance

Csn !

High impedance

T T

oy T

High impedance

HWR, LWR ! | N\ |
BREQ \ | | | /
BACK ‘ Minimum ‘ ‘ ‘ / |
1 state \
(11 [2] [3] [4] [5]

[1] Low level of BREQ pin is sampled at rise of T, state.

[2] BACK pinis driven low at end of CPU read cycle, releasing bus to external bus master.
[8] BREQ pin state is still sampled in external bus released state.

[4] High level of BREQ pin is sampled.

[5] BACK pin is driven high, ending bus release cycle.

Note: n=0to 7

Figure 6.20 Bus-Released State Transition Timing
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6.7.5 Usage Note

When MSTPCR is set to HFFFFFF and a transition is made to sleep mode, the external bus
release function halts. Therefore, MSTPCR should not be set to H'FFFFFF if the external bus
release function is to be used in sleep mode.

6.8 Bus Arbitration

6.8.1 Overview
The H8S/2214 Group has a bus arbiter that arbitrates bus master operations.

There are three bus masters, the CPU, DMAC, and DTC, which perform read/write operations
when they have possession of the bus. Each bus master requests the bus by means of a bus request
signal. The bus arbiter determines priorities at the prescribed timing, and permits use of the bus by
means of a bus request acknowledge signal. The selected bus master then takes possession of the
bus and begins its operation.

6.8.2 Operation

The bus arbiter detects the bus masters’ bus request signals, and if the bus is requested, sends a bus
request acknowledge signal to the bus master making the request. If there are bus requests from
more than one bus master, the bus request acknowledge signal is sent to the one with the highest
priority. When a bus master receives the bus request acknowledge signal, it takes possession of the
bus until that signal is canceled.

The order of priority of the bus masters is as follows:
(High) DMAC > DTC > CPU (Low)

An internal bus access by an internal bus master, and external bus release, can be executed in
parallel.

In the event of simultaneous external bus release request, and internal bus master external access
request generation, the order of priority is as follows:

(High) External bus release > Internal bus master external access (Low)
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6.8.3 Bus Transfer Timing

Even if a bus request is received from a bus master with a higher priority than that of the bus
master that has acquired the bus and is currently operating, the bus is not necessarily transferred
immediately. There are specific times at which each bus master can relinquish the bus.

1) CrPU

The CPU is the lowest-priority bus master, and if a bus request is received from the DMAC and
DTC, the bus arbiter transfers the bus to the bus master that issued the request. The timing for
transfer of the bus is as follows:

e The bus is transferred at a break between bus cycles. However, if a bus cycle is executed in
discrete operations, as in the case of a longword-size access, the bus is not transferred between
the operations. See appendix A.5, Bus States during Instruction Execution, for timings at
which the bus is not transferred.

e If the CPU is in sleep mode, it transfers the bus immediately.
(2) DTC
The DTC sends the bus arbiter a request for the bus when an activation request is generated.

The DTC can release the bus after a vector read, a register information read (3 states), a single data
transfer, or a register information write (3 states). It does not release the bus during a register
information read (3 states), a single data transfer, or a register information write (3 states).

(3) DMAC
The DMAC sends the bus arbiter a request for the bus when an activation request is generated.

In the case of an external request in short address mode or normal mode, and in cycle steal mode,
the DMAC releases the bus after a single transfer.

In block transfer mode, it releases the bus after transfer of one block, and in burst mode, after
completion of the transfer.

6.8.4 External Bus Release Usage Note

External bus release can be performed on completion of an external bus cycle. The CS signal
remains low until the end of the external bus cycle. Therefore, when external bus release is
performed, the CS signal may change from the low level to the high-impedance state.

Rev.4.00 Sep. 18, 2008 Page 163 of 872
REJ09B0189-0400
RENESAS



Section 6 Bus Controller

6.9 Resets and the Bus Controller

In a power-on reset, the H8S/2214 Group, including the bus controller, enters the reset state at that
point, and an executing bus cycle is discontinued.

In a manual reset, the bus controller’s registers and internal state are maintained, and an executing
external bus cycle is completed. In this case, WAIT input is ignored and write data is not
guaranteed.

6.10 External Module Expansion Function

6.10.1 Overview

The H8S/2214 Group has an external module expansion function to provide for the addition of
peripheral devices. Using this function to provide a combination of H8S/2214 Group and external
modules makes it possible to implement a multichip system on the user board.

Figure 6.21 shows a block diagram.
Bus access states can be changed by means of a bus controller setting.

The EXMS signal is output to external modules for addresses HFFFF40 to HFFFFSF.

Priority and DTC activation can be specified for interrupts EXIRQ7 to EXIRQO in the same way
as for the H8S/2214’s on-chip supporting functions.

The DTC data transfer end signal for EXIRQ7 to EXIRQO interrupt input is output from
EXDTCE. Also, the inverse of the value of bit 0 in module stop control register B is output from
EXMSTP.
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A23 to A0

D15 to DO

EXMSTP
H8S/2214 o External module

Group EXMS

EXDTCE

EXIRQ7 to EXIRQO

Figure 6.21 Multichip Block Diagram

6.10.2  Pin Configuration
Table 6.7 summarizes the pins of the external module expansion function.

Table 6.7 External Module Expansion Function Pins

Name Symbol /0 Function

External expansion EXIRQ7 to Input Input pins for interrupt requests from
interrupt request 7 to 0 EXIRQO external modules

External expansion EXMS Output Select signal for external modules
module select

External expansion EXDTCE Output DTC transfer end signal for EXIRQ7 to
DTC transfer end EXIRQO interrupt input

External expansion EXMSTP Output Module stop signal for external
module stop modules

6.10.3 Register Configuration

Table 6.8 summarizes the registers of the bus controller.
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Table 6.8  Bus Controller Registers

Initial Value

Power-On Manual
Name Abbreviation R/W Reset Reset Address™
Interrupt request input pin select IPINSELO R/W  H'00 Retained  H'FE4A
register 0
External module connection OPINSEL R/W  B'-000---- Retained  H'FE4E
output pin select register
Module stop control register B MSTPCRB RW HFF H'FF H'FDE9

Note: * Lower 16 bits of the address.

6.10.4 Interrupt Request Input Pin Select Register 0 (IPINSELO)

Bit : 7 6 5 4 3 2 1 0
P36 P47 P46 P44 P43 P42 P41 P40
IRQ7E | IRQ6E | IRQ5E | IRQ4E | IRQ3E | IRQ2E | IRQ1E | IRQOE
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

IPINSELO is an 8-bit readable/writable register that selects which pins are to be used for interrupt
request input signals (EXIRQ7 to EXIRQO) from externally connected modules when operating as
H8S/2214 modules. IPINSELO is initialized to H'00 by a power-on reset and in hardware standby
mode. It retains its previous state in a manual reset and in software standby mode.

Bit 7—Enable of EXIRQ7 Input from P36 (P36IRQ7E): Selects whether or not P36 is used as
the EXIRQ7 input pin.

Bit 7

P36IRQ7E Description

0 P36 is not used as EXIRQ7 input (Initial value)
1 P36 is used as EXIRQ7 input
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Bit 6—Enable of EXIRQ6 Input from P47 (P47IRQ6E): Selects whether or not P47 is used as
the EXIRQ6 input pin.

Bit 6

P47I1RQ6E Description

0 P47 is not used as EXIRQ6 input (Initial value)
1 P47 is used as EXIRQG input

Bit 5—Enable of EXIRQS5 Input from P46 (P46IRQS5E): Selects whether or not P46 is used as
the EXIRQS input pin.

Bit5

P46IRQ5E Description

0 P46 is not used as EXIRQS5 input (Initial value)
1 P46 is used as EXIRQ5 input

Bit 4—Enable of EXIRQ4 Input from P44 (P44IRQ4E): Selects whether or not P44 is used as
the EXIRQ4 input pin.

Bit 4

P44IRQ4E Description

0 P44 is not used as EXIRQ4 input (Initial value)
1 P44 is used as EXIRQ4 input

Bit 3—Enable of EXIRQ3 Input from P43 (P43IRQ3E): Selects whether or not P43 is used as
the EXIRQ3 input pin.

Bit 3

P43IRQ3E Description

0 P43 is not used as EXIRQS input (Initial value)
1 P43 is used as EXIRQ3 input

Rev.4.00 Sep. 18, 2008 Page 167 of 872
REJ09B0189-0400
RENESAS



Section 6 Bus Controller

Bit 2—Enable of EXIRQ2 Input from P42 (P42IRQ2E): Selects whether or not P42 is used as
the EXIRQ?2 input pin.

Bit 2

P42IRQ2E Description

0 P42 is not used as EXIRQ2 input (Initial value)
1 P42 is used as EXIRQ2 input

Bit 1—Enable of EXIRQI Input from P41 (P41IRQ1E): Selects whether or not P41 is used as
the EXIRQ1 input pin.

Bit 1

P41IRQ1E Description

0 P41 is not used as EXIRQ1 input (Initial value)
1 P41 is used as EXIRQT input

Bit 0—Enable of EXIRQO Input from P40 (P40IRQOE): Selects whether or not P40 is used as
the EXIRQO input pin.

Bit 0

P40IRQOE Description

0 P40 is not used as EXIRQO input (Initial value)
1 P40 is used as EXIRQO input

6.10.5 External Module Connection Output Pin Select Register (OPINSEL)

Bit : 7 6 5 4 3 2 1 0
P76 P75 P74

STPOE | MSOE | DTCOE
Initial value : Undefined 0 0 0 Undefined Undefined Undefined Undefined
R/W : R/W R/W R/W R/W — — — —

OPINSEL is an 8-bit readable/writable register that selects whether or not output signals
(EXDTCEN, EXMSTP, EXMSN) to externally connected modules are output to pins P77 to P74
in H8S/2214 Group operation. OPINSEL bits 6 to 4 are initialized to 000 by a power-on reset and
in hardware standby mode. They retain their previous states in a manual reset and in software
standby mode.
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Bit 7—Reserved: This bit will return an undefined value if read, and should only be written with
0.

Bit 6—Enable of EXMSTP Output to P76 (P76STPOE): Selects whether or not the EXMSTP
module stop signal to external modules (corresponding to bit 0 in MSTPCRB) is output to P76.

Bit 6

P76STPOE Description

0 EXMSTP is not output to P76 (Initial value)
1 EXMSTP is output to P76

Bit 5—Enable of EXMS Output to P75 (P75MSOE): Selects whether or not the EXMS module
stop signal to external modules (corresponding to addresses HFFFF40 to HFFFFS5F) is output to
P75.

Bit 5

P75MSOE Description

0 EXMS is not output to P75 (Initial value)
1 EXMS is output to P75

Bit 4—Enable of EXDTCE Output to P74 (P74DTCOE): Selects whether or not the EXDTCE
signal, indicating that DTC transfer corresponding to EXIRQO—F input is in progress, is output to
P74. This signal is used, for example, when the DTC in the chip has been activated by an interrupt
(EXTIRQO to EXIRQF) from an external module, and the interrupt request is to be cleared
automatically on the external module side by DTC transfer.

Bit 4

P74DTCOE Description

0 EXDTCE is not output to P74 (Initial value)
1 EXDTCE is output to P74

Bits 3 to 0—Reserved: These bits will return an undefined value if read, and should only be
written with 0.
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6.10.6 Module Stop Control Register B (MSTPCRB)

Bit : 7 6 5 4 3 2 1 0
|MSTPB7| MSTPBG| MSTPBS| MSTPB4| MSTPBS|MSTPB2 | MSTPB1 |MSTPBO|

Initial value : 1 1 1 1 1 1 1 1

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

MSTPCRB is an 8-bit readable/writable register that performs module stop mode control.

When the MSTPBO bit is set to 1, the external module expansion function stops operation at the
end of the bus cycle, and enters module stop mode. For details, see section 17.5, Module Stop
Mode.

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

Bit 0—Module Stop (MSTPBO): Specifies the external module expansion function module stop
mode.

Bit 0

MSTPBO Description

0 External module expansion function module stop mode is cleared

1 External module expansion function module stop mode is set (Initial value)
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6.10.7 Basic Timing

Figure 6.22 shows the timing of external module area (H'FFFF40 to HFFFF5F) DTC data transfer
using 3-state access.

! External module area read Write

T4 To T3

- X X X
=

o wea;
wore S

(a) Timing of external module area read by DTC

Read External module area write

| |

| |
-

| |

| |

|

T4 To T3 T4 To T3

Address><><><
- BN

EXDTCE ‘l | | | r

(b) Timing of external module area write by DTC

Figure 6.22 Timing of External Module Area Access by DTC
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6.10.8 Notes on Use of External Module Extended Functions

When accessing addresses in the range HFFFF40 to H'FFFF5F in the LSI’s on-chip ROM valid
extended mode (mode 6), care must be taken with regard to the following.

Figure 6.23 is an address map for the on-chip ROM valid extended mode (mode 6). When bit
P75MSOE in the external module connection output pin register (OPINSEL) is set to 1 and EXMS
output from pin 75 is enabled, accessing external address [3] (address range: H'FFFF40 to
H'FFFFSF) causes low-level output from EXMS. This low-level output is maintained thereafter
even if on-chip ROM, on-chip RAM, or the on-chip I/O registers are accessed.

As a countermeasure, output from EXMS can be driven high by accessing external addresses [1]
and [2]. Consequently, after accessing external address [3], make sure to perform a dummy read of
1 byte to external addresses [1] and [2] to drive output from EXMS high before accessing on-chip
RAM or the on-chip I/O registers.

H'000000 [ | TTTTTTTTTTTttTTTYe

On-chip ROM Previous value maintained

H'020000 Lo
External address [1] High

HFFBOOO | |

Reserved area Previous value maintained

H'FFC000 T

On-chip RAM Previous value maintained

H'FFEFCO o
External address [2] High

H'FFF800 0

Internal 1/0 registers Previous value maintained

HFFFF40 | _ |
External address [3] Low

H'FFFF60 o

Internal I/O registers Previous value maintained

H'FFFFCO o

On-chip RAM Previous value maintained

HFFFFFF L

Figure 6.23 On-Chip ROM Valid Extended Mode (Mode 6) Address Map
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Section 7 DMA Controller

7.1 Overview

The H8S/2214 Group has an on-chip DMA controller (DMAC) which can carry out data transfer
on up to 4 channels.

7.1.1 Features
The features of the DMAC are listed below.

e Choice of short address mode or full address mode
Short address mode
— Maximum of 4 channels can be used
— Choice of dual address mode

— In dual address mode, one of the two addresses, transfer source and transfer destination, is
specified as 24 bits and the other as16 bits

— Choice of sequential mode, idle mode, or repeat mode for dual address mode
Full address mode
— Maximum of 2 channels can be used
— Transfer source and transfer destination address specified as 24 bits
— Choice of normal mode or block transfer mode
e 16-Mbyte address space can be specified directly
e Byte or word can be set as the transfer unit
e Activation sources: internal interrupt, external request, auto-request (depending on transfer
mode)
— Three 16-bit timer-pulse unit (TPU) compare match/input capture interrupts

— Serial communication interface (SCIO, SCI1) transmission complete interrupt, reception
complete interrupt

— External request
— Auto-request
e Module stop mode can be set

— The initial setting enables DMAC registers to be accessed. DMAC operation is halted by
setting module stop mode
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7.1.2 Block Diagram

A block diagram of the DMAC is shown in figure 7.1.

Internal address bus

ﬂ

K

—

Internal interrupts — Address buffer
TGIOA —»
$g:;2 > Processor
—
) MAROA
o £ IOAROA
-FI;))((II(()) Control logic Fé i‘“ ETCROA
X g8 MAROB
RXI1T  —» 5 s
External pins = § IOAROB
DREQ0 — DMAWER S ETCROB
—
?Sﬁg& - DMATCR z MAR1A
TENDT = DMACROA - g IOAR1A
i ©
'”te"“pégg‘[%; DMACROB % 5] ETCR1A
DENDOB ~—| DMACR1A 57 MAR1B
BEHB]S - DMACR1B % IOAR1B
| DMABCR & ETCR1B

Data buffer

Module data bus

Internal data bus

Legend:

DMAWER: DMA write enable register

DMATCR: DMA terminal control register

DMABCR: DMA band control register (for all channels)
DMACR: DMA control register

MAR: Memory address register
I0AR: I/O address register
ETCR: Executive transfer counter register

Figure 7.1 Block Diagram of DMAC
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7.1.3 Overview of Functions

Tables 7.1 and 7.2 summarize DMAC functions in short address mode and full address mode,
respectively.

Table 7.1  Overview of DMAC Functions (Short Address Mode)

Address Register Bit Length

Transfer Mode Transfer Source Source Destination
Dual address mode e TPUchannel0Oto 24/16 16/24
e Sequential mode 2 compare

match/input

— 1-byte or 1-word transfer

executed for one transfer request capture A interrupt

e SCI transmission
complete interrupt

— Memory address
incremented/decremented by 1
or?2 e SCI reception

— 1 to 65536 transfers complete interrupt
e Idle mode e External request
— 1-byte or 1-word transfer
executed for one transfer request
— Memory address fixed
— 1 to 65536 transfers
e Repeat mode
— 1-byte or 1-word transfer
executed for one transfer request
— Memory address incremented/
decremented by 1 or 2
— After specified number of
transfers (1 to 256), initial state is
restored and operation continues
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Table 7.2  Overview of DMAC Functions (Full Address Mode)

Address Register Bit Length

Transfer Mode Transfer Source Source Destination

e Normal mode e Auto-request 24 24
Auto-request
— Transfer request retained
internally
— Transfers continue for the
specified number of times (1 to
65536)
— Choice of burst or cycle steal
transfer

External request e External request
— 1-byte or 1-word transfer
executed for one transfer request

— 1 to 65536 transfers

e Block transfer mode e TPUchannel0to 24 24
— Specified block size transfer 2 compare
executed for one transfer request match/input
— 1 to 65536 transfers capture A interrupt

e SCI transmission
complete interrupt

— Either source or destination

specifiable as block area
SCI reception

complete interrupt

— Block size: 1 to 256 bytes or

words
e External request
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7.1.4 Pin Configuration

Table 7.3 summarizes the DMAC pins.

In short address mode, external request transfer, and transfer end output are not performed for

channel A.

When the DREQ pin is used, do not designate the corresponding port for output.

With regard to the TEND pins, whether or not the corresponding port is used as a TEND pin can
be specified by means of a register setting.

Table 7.3 DMAC Pins

Channel Pin Name

Symbol /0

Function

0 DMA request 0 DREQO Input DMAC channel 0 external
request
DMA transfer end O TENDO Output DMAC channel 0 transfer end
1 DMA request 1 DREQ1 Input DMAC channel 1 external

request

DMA transfer end 1

TEND1 Output

DMAC channel 1 transfer end
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7.1.5 Register Configuration
Table 7.4 summarizes the DMAC registers.

Table 7.4 DMAC Registers

Channel Name Abbreviation R/W l?alltl:.lael Address™ Bus Width
0 Memory address register OA  MAROA R/W Undefined H'FEEO 16 bits
I/O address register 0A IOAROA R/W Undefined H'FEE4 16 bits
Transfer count register 0A ETCROA R/W Undefined H'FEE6 16 bits
Memory address register OB MAROB R/W Undefined H'FEE8 16 bits
1/0O address register 0B IOAROB R/W Undefined HFEEC 16 bits
Transfer count register 0B ETCROB R/W Undefined H'FEEE 16 bits
1 Memory address register 1A MAR1A R/W Undefined H'FEFO 16 bits
I/O address register 1A IOAR1A R/W Undefined H'FEF4 16 bits
Transfer count register 1A ETCR1A R/W Undefined H'FEF6 16 bits
Memory address register 1B MAR1B R/W Undefined H'FEF8 16 bits
I/O address register 1B IOAR1B R/W  Undefined HFEFC 16 bits
Transfer count register 1B ETCR1B R/W Undefined H'FEFE 16 bits
0,1 DMA write enable register DMAWER R/W H'00 H'FF60 8 bits
DMA terminal control register DMATCR R/W H'00 H'FF61 8 bits
DMA control register 0A DMACROA R/W H'00 H'FF62 16 bits
DMA control register 0B DMACROB R/W H'00 H'FF63 16 bits
DMA control register 1A DMACR1A R/W H'00 H'FF64 16 bits
DMA control register 1B DMACR1B R/W H'00 H'FF65 16 bits
DMA band control register DMABCR R/W  H'0000 H'FF66 16 bits
Module stop control register A MSTPCRA R/W H'3F H'FDE8 8 bits

Note: * Lower 16 bits of the address.
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7.2 Register Descriptions (1) (Short Address Mode)
Short address mode transfer can be performed for channels A and B independently.

Short address mode transfer is specified for each channel by clearing the FAE bit in DMABCR to
0, as shown in table 7.5. Short address mode or full address mode can be selected for channels 1
and 0 independently by means of bits FAE1 and FAEO.

Table 7.5  Short Address Mode and Full Address Mode (For 1 Channel: Example of

Channel 0)

FAEO Description

0 Short address mode specified (channels A and B operate independently)
< MAROA -«—— Specifies transfer source/transfer destination address
o
5 |IOAROA -« Specifies transfer destination/transfer source address
é ETCROA -«—— Specifies number of transfers
5 DMACROA| —+—— Specifies transfer size, mode, activation source, etc.
Q MAROB -a—— Specifies transfer source/transfer destination address
E I0AROB -«—— Specifies transfer destination/transfer source address
§ ETCROB ~«— Specifies number of transfers
O ‘DMACROB -«—— Specifies transfer size, mode, activation source, etc.
Full address mode specified (channels A and B operate in combination)
MAROA -« Specifies transfer source address
MAROB -a—— Specifies transfer destination address
o |OAROA -«— Not used
2 -«— Not used
c IOAROB
3 -4—— Specifies number of transfers
&) ETCROA - )
-a—— Specifies number of transfers (used in block transfer
ETCROB mode only)
L DMACROA DMACROB| -«—— Specifies transfer size, mode, activation source, etc.
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7.2.1 Memory Address Register (MAR)

Bit ;31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
e e el Bl B el el el O O R R R R
Initial value: 0 0 0 0 0 0 0 0 * * * * * * * *
R/W i - - - - — — — — R/WRWRMWRW R/W R/W R/W R/W
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MAR [ | | | | | | |
|n|t|a| Va|ue : k % % k % k % k % k % k % % % %
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 R/W
*: Undefined

MAR is a 32-bit readable/writable register that specifies the transfer source address or destination
address.

The upper 8 bits of MAR are reserved: they are always read as 0, and cannot be modified.

Whether MAR functions as the source address register or as the destination address register can be
selected by means of the DTDIR bit in DMACR.

MAR is incremented or decremented each time a byte or word transfer is executed, so that the
address specified by MAR is constantly updated. For details, see section 7.2.4, DMA Control
Register (DMACR).

MAR is not initialized by a reset or in standby mode.

7.2.2 I/O Address Register (IOAR)

Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 A1 0
oar o | | L [ [ [ [
|n|t|a| Va|ue : k % % k % k % k % k % k % % % %
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 R/W
*: Undefined
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IOAR is a 16-bit readable/writable register that specifies the lower 16 bits of the transfer source
address or destination address. The upper 8 bits of the transfer address are automatically set to
H'FF.

Whether IOAR functions as the source address register or as the destination address register can
be selected by means of the DTDIR bit in DMACR.

IOAR is invalid in single address mode.

IOAR is not incremented or decremented each time a transfer is executed, so that the address
specified by IOAR is fixed.

IOAR is not initialized by a reset or in standby mode.

7.2.3 Execute Transfer Count Register (ETCR)

ETCR is a 16-bit readable/writable register that specifies the number of transfers. The setting of
this register is different for sequential mode and idle mode on the one hand, and for repeat mode
on the other.

(1) Sequential Mode and Idle Mode

Transfer Counter

Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 A1 0
erer ) | L[ [
|n|t|a| Va|ue : k % % k % k % k % k % k % k % %
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 R/W
*: Undefined

In sequential mode and idle mode, ETCR functions as a 16-bit transfer counter (with a count range
of 1to 65536). ETCR is decremented by 1 each time a transfer is performed, and when the count
reaches H'0000, the DTE bit in DMABCR is cleared, and transfer ends.
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(2) Repeat Mode

Transfer Number Storage

Bit : 15 14 13 12 11 10 9 8
ETCRH | | | | | | |

Initial value : * * * ® * % * *
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Transfer Counter

Bit : 7 6 5 4 3 2 1 0
ETCRL | | | | | | | | |
Initial value : * * * * * ® * %
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

*: Undefined

In repeat mode, ETCR functions as transfer counter ETCRL (with a count range of 1 to 256) and
transfer number storage register ETCRH. ETCRL is decremented by 1 each time a transfer is
performed, and when the count reaches H'00, ETCRL is loaded with the value in ETCRH. At this
point, MAR is automatically restored to the value it had when the count was started. The DTE bit
in DMABCR is not cleared, and so transfers can be performed repeatedly until the DTE bit is
cleared by the user.

ETCR is not initialized by a reset or in standby mode.

7.2.4 DMA Control Register (DMACR)

Bit : 7 6 5 4 3 2 1 0
DMACR :\ DTSZ \ DTID \ RPE \DTDlR\ DTF3 \ DTF2 \ DTF1 \ DTFO \
Initial value : 0 0 0 0 0 0 0 0
RW . RW R/W RW RW R/W R/W R/W R/W

DMACR is an 8-bit readable/writable register that controls the operation of each DMAC channel.

DMACR is initialized to H'0O by a reset, and in standby mode.
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Bit 7—Data Transfer Size (DTSZ): Selects the size of data to be transferred at one time.

Bit 7

DTSz Description

0 Byte-size transfer (Initial value)
1 Word-size transfer

Bit 6—Data Transfer Increment/Decrement (DTID): Selects incrementing or decrementing of
MAR every data transfer in sequential mode or repeat mode.

In idle mode, MAR is neither incremented nor decremented.

Bit 6
DTID Description
0 MAR is incremented after a data transfer (Initial value)

e When DTSZ = 0, MAR is incremented by 1 after a transfer

e When DTSZ = 1, MAR is incremented by 2 after a transfer
1 MAR is decremented after a data transfer

e When DTSZ = 0, MAR is decremented by 1 after a transfer

e When DTSZ = 1, MAR is decremented by 2 after a transfer

Bit 5—Repeat Enable (RPE): Used in combination with the DTIE bit in DMABCR to select the
mode (sequential, idle, or repeat) in which transfer is to be performed.

Bit5 DMABCR

RPE DTIE Description

0 0 Transfer in sequential mode (no transfer end interrupt) (Initial value)
1 Transfer in sequential mode (with transfer end interrupt)

1 0 Transfer in repeat mode (no transfer end interrupt)
1 Transfer in idle mode (with transfer end interrupt)

For details of operation in sequential, idle, and repeat mode, see section 7.5.2, Sequential Mode,
section 7.5.3, Idle Mode, and section 7.5.4, Repeat Mode.

Bit 4—Data Transfer Direction (DTDIR): To specify the data transfer direction (source or
destination).
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Bit 4

DTDIR Description

0 Transfer with MAR as source address and IOAR as destination address (Initial value)
1 Transfer with IOAR as source address and MAR as destination address

Bits 3 to 0—Data Transfer Factor (DTF3 to DTF0): These bits select the data transfer factor
(activation source). There are some differences in activation sources for channel A and for channel
B.

Channel A

Bit 3 Bit 2 Bit 1 Bit 0
DTF3 DTF2 DTF1 DTFO Description

0 0 0 0 — (Initial value)
1 —
1 0 —
1 —
1 0 0 Activated by SCI channel 0 transmission complete interrupt
1 Activated by SCI channel 0 reception complete interrupt
1 0 Activated by SCI channel 1 transmission complete interrupt
1 Activated by SCI channel 1 reception complete interrupt
1 0 0 0 Activated by TPU channel 0 compare match/input capture
A interrupt
1 Activated by TPU channel 1 compare match/input capture
A interrupt
1 0 Activated by TPU channel 2 compare match/input capture
A interrupt
1 0 —

—__ O = | O =
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Channel B

Bit 3 Bit 2 Bit 1 Bit 0
DTF3 DTF2 DTF1 DTFO Description

0 0 0 0 — (Initial value)
1 —
1 0 Activated by DREQ pin falling edge input™
1 Activated by DREQ pin low-level input
1 0 0 Activated by SCI channel 0 transmission complete interrupt
1 Activated by SCI channel 0 reception complete interrupt
1 0 Activated by SCI channel 1 transmission complete interrupt
1 Activated by SCI channel 1 reception complete interrupt
1 0 0 0 Activated by TPU channel 0 compare match/input capture
A interrupt
1 Activated by TPU channel 1 compare match/input capture
A interrupt
1 0 Activated by TPU channel 2 compare match/input capture
A interrupt
1 0 —

O = | O =

1 —
Note: * Detected as a low level in the first transfer after transfer is enabled.

The same factor can be selected for more than one channel. In this case, activation starts with the
highest-priority channel according to the relative channel priorities. For relative channel priorities,
see section 7.5.10, DMAC Multi-Channel Operation.
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7.2.5 DMA Band Control Register (DMABCR)

Bit .15 14 13 12 1 10 9 8
DMABCRH : \ FAE1 \ FAEO \ — \ — \ DTA1B \ DTA1A \ DTAOB \ DTAOA \
Initial value : 0 0 0 0 0 0 0 0
RW . RW R/W RW RW RW R/W R/W R/W
Bit : 7 6 5 4 3 2 1 0
DMABCRL : ‘ DTE1B ‘ DTE1A \ DTEOB \ DTEOA \ DTIE1B \ DTIE1A \ DTIEOB \ DTIEOA ‘
Initial value : 0 0 0 0 0 0 0 0
RIW . RW R/W RIW RIW RIW R/W R/W RW

DMABCR is a 16-bit readable/writable register that controls the operation of each DMAC
channel.

DMABCR is initialized to H'0000 by a reset, and in standby mode.

Bit 15—Full Address Enable 1 (FAE1): Specifies whether channel 1 is to be used in short
address mode or full address mode.

In short address mode, channels 1A and 1B are used as independent channels.

Bit 15

FAE1 Description

0 Short address mode (Initial value)
1 Full address mode

Bit 14—Full Address Enable 0 (FAEQ): Specifies whether channel 0 is to be used in short
address mode or full address mode.

In short address mode, channels OA and OB are used as independent channels.

Bit 14

FAEO Description

0 Short address mode (Initial value)
1 Full address mode
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Bit 13 and 12—Reserved: This bit is reserved and only 0 can be written to, writing 1 causes a
malfunction error.

Bits 11 to 8—Data Transfer Acknowledge (DTA): These bits enable or disable clearing, when
DMA transfer is performed, of the internal interrupt source selected by the data transfer factor
setting.

When DTE =1 and DTA = 1, the internal interrupt source selected by the data transfer factor
setting is cleared automatically by DMA transfer. When DTE = 1 and DTA = 1, the internal
interrupt source selected by the data transfer factor setting does not issue an interrupt request to the
CPU or DTC.

When DTE = 1 and DTA = 0, the internal interrupt source selected by the data transfer factor
setting is not cleared when a transfer is performed, and can issue an interrupt request to the CPU
or DTC in parallel. In this case, the interrupt source should be cleared by the CPU or DTC
transfer.

When DTE = 0, the internal interrupt source selected by the data transfer factor setting issues an
interrupt request to the CPU or DTC regardless of the DTA bit setting.

Bit 11—Data Transfer Acknowledge 1B (DTA1B): Enables or disables clearing, when DMA
transfer is performed, of the internal interrupt source selected by the channel 1B data transfer
factor setting.

Bit 11
DTA1B Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled

Bit 10—Data Transfer Acknowledge 1A (DTA1A): Enables or disables clearing, when DMA
transfer is performed, of the internal interrupt source selected by the channel 1A data transfer
factor setting.

Bit 10
DTA1A Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled
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Bit 9—Data Transfer Acknowledge 0B (DTAO0OB): Enables or disables clearing, when DMA
transfer is performed, of the internal interrupt source selected by the channel OB data transfer
factor setting.

Bit9
DTAOB Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled

Bit 8—Data Transfer Acknowledge 0A (DTAOQA): Enables or disables clearing, when DMA
transfer is performed, of the internal interrupt source selected by the channel OA data transfer
factor setting.

Bit 8
DTAOA Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled

Bits 7 to 4—Data Transfer Enable (DTE): When DTE = 0, data transfer is disabled and the
activation source selected by the data transfer factor setting is ignored. If the activation source is
an internal interrupt, an interrupt request is issued to the CPU or DTC. If the DTIE bit is set to 1
when DTE = 0, the DMAC regards this as indicating the end of a transfer, and issues a transfer
end interrupt request to the CPU or DTC.

The conditions for the DTE bit being cleared to O are as follows:

e When initialization is performed

e When the specified number of transfers have been completed in a transfer mode other than
repeat mode

e When 0 is written to the DTE bit to forcibly abort the transfer, or for a similar reason

When DTE = 1, data transfer is enabled and the DMAC waits for a request by the activation
source selected by the data transfer factor setting. When a request is issued by the activation
source, DMA transfer is executed.

The condition for the DTE bit being set to 1 is as follows:

e When 1 is written to the DTE bit after the DTE bit is read as O
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Bit 7—Data Transfer Enable 1B (DTE1B): Enables or disables data transfer on channel 1B.

Bit 7

DTE1B Description

0 Data transfer disabled (Initial value)
1 Data transfer enabled

Bit 6—Data Transfer Enable 1A (DTE1A): Enables or disables data transfer on channel 1A.

Bit 6

DTE1A Description

0 Data transfer disabled (Initial value)
1 Data transfer enabled

Bit 5—Data Transfer Enable 0B (DTEOB): Enables or disables data transfer on channel OB.

Bit5

DTEOB Description

0 Data transfer disabled (Initial value)
1 Data transfer enabled

Bit 4—Data Transfer Enable 0A (DTEOA): Enables or disables data transfer on channel OA.

Bit 4

DTEOA Description

0 Data transfer disabled (Initial value)
1 Data transfer enabled

Bits 3 to 0—Data Transfer End Interrupt Enable (DTIE): These bits enable or disable an
interrupt to the CPU or DTC when transfer ends. If the DTIE bit is set to 1 when DTE = 0, the
DMAC regards this as indicating the end of a transfer, and issues a transfer end interrupt request to
the CPU or DTC.

A transfer end interrupt can be canceled either by clearing the DTIE bit to O in the interrupt
handling routine, or by performing processing to continue transfer by setting the transfer counter
and address register again, and then setting the DTE bit to 1.
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Bit 3—Data Transfer Interrupt Enable 1B (DTIE1B): Enables or disables the channel 1B
transfer end interrupt.

Bit 3

DTIE1B Description

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled

Bit 2—Data Transfer Interrupt Enable 1A (DTIE1A): Enables or disables the channel 1A
transfer end interrupt.

Bit 2

DTIE1A Description

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled

Bit 1—Data Transfer Interrupt Enable 0B (DTIEOB): Enables or disables the channel 0B
transfer end interrupt.

Bit 1

DTIEOB Description

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled

Bit 0—Data Transfer Interrupt Enable 0A (DTIE0A): Enables or disables the channel 0A
transfer end interrupt.

Bit 0

DTIEOA Description

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled
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7.3 Register Descriptions (2) (Full Address Mode)

Full address mode transfer is performed with channels A and B together. For details of full address
mode setting, see table 7.5.

7.3.1 Memory Address Register (MAR)

Bit ;31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MaR === [ [ [ | | | | |
Initial value: 0 0 0 0 0 0 0 0 * * * * * * * *
R/W i - - - —- — — — — R/WRMWR/WR/W R/W R/W R/W R/W
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
mer o [ 0 | [ [ [ L[]
|n|t|a| va|ue : * %k * * %k * %k * %k * %k * % * %k %k
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 R/W
*: Undefined

MAR is a 32-bit readable/writable register; MARA functions as the transfer source address
register, and MARB as the destination address register.

MAR is composed of two 16-bit registers, MARH and MARL. The upper 8 bits of MARH are
reserved: they are always read as 0, and cannot be modified.

MAR is incremented or decremented each time a byte or word transfer is executed, so that the
source or destination memory address can be updated automatically. For details, see section 7.3.4,
DMA Control Register (DMACR).

MAR is not initialized by a reset or in standby mode.

7.3.2 I/O Address Register (IOAR)

IOAR is not used in full address transfer.
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7.3.3 Execute Transfer Count Register (ETCR)

ETCR is a 16-bit readable/writable register that specifies the number of transfers. The function of
this register is different in normal mode and in block transfer mode.

ETCR is not initialized by a reset or in standby mode.
(1) Normal Mode
ETCRA

Transfer Counter

Bit .15 14 13 12 11 10 9 8 7 6 5 4 3 2 A1 0
erer ) | L[ [
|n|t|a| Va|ue : k % % k % k % k % k % k % % % %
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 R/W
*: Undefined

In normal mode, ETCRA functions as a 16-bit transfer counter. ETCRA is decremented by 1 each
time a transfer is performed, and transfer ends when the count reaches H'0000. ETCRB is not used
at this time.

ETCRB

ETCRB is not used in normal mode.
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(2) Block Transfer Mode

ETCRA

Holds block size

Bit : 15 14 13 12 11 10 9 8
ETCRAH | | | | | | | |

Initial value : * * * * * * ® *
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Block size counter

Bit : 7 6 5 4 3 2 1 0
ETCRAL : \ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
Initial value : * * * ® * * ® *
R/W : R/W R/W R/W R/W R/W R/W R/W R/W
*: Undefined
ETCRB

Block Transfer Counter

Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 A1 0
erers | [ | [ [ I [ [ I [ [ T [ [ ][]
Initial value :  * * * % * * * * * * * * * * * *
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 R/W

In block transfer mode, ETCRAL functions as an 8-bit block size counter and ETCRAH holds the
block size. ETCRAL is decremented each time a 1-byte or 1-word transfer is performed, and when
the count reaches H'00, ETCRAL is loaded with the value in ETCRAH. So by setting the block
size in ETCRAH and ETCRAL, it is possible to repeatedly transfer blocks consisting of any
desired number of bytes or words.

ETCRB functions in block transfer mode, as a 16-bit block transfer counter. ETCRB is

decremented by 1 each time a block is transferred, and transfer ends when the count reaches
H'0000.
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7.3.4 DMA Control Register (DMACR)

DMACR is a 16-bit readable/writable register that controls the operation of each DMAC channel.
In full address mode, DMACRA and DMACRB have different functions.

DMACR is initialized to H'0000 by a reset, and in standby mode.

(1) DMACRA
Bit .15 14 13 12 11 10 9 8
DMACRA :‘ DTSZ ‘ SAID ‘SAIDE ‘BLKDIR‘ BLKE \ — \ — \ — ‘
Initial value : 0 0 0 0 0 0 0 0
R/W . RW R/W R/W R/W R/W R/W R/W R/W
(2) DMACRB
Bit : 7 6 5 4 3 2 1 0
DMACRB :\ — \ DAID ‘DAIDE‘ — \ DTF3 \ DTF2 \ DTF1 \ DTFO \
Initial value : 0 0 0 0 0 0 0 0
R/W . RW R/W R/W R/W R/W R/W R/W R/W

Bit 15—Data Transfer Size (DTSZ): Selects the size of data to be transferred at one time.

Bit 15

DTSz Description

0 Byte-size transfer (Initial value)
1 Word-size transfer
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Bit 14—Source Address Increment/Decrement (SAID)

Bit 13—Source Address Increment/Decrement Enable (SAIDE): These bits specify whether
source address register MARA is to be incremented, decremented, or left unchanged, when data
transfer is performed.

Bit 14 Bit 13

SAID SAIDE Description

0 0 MARA is fixed (Initial value)
1 MARA is incremented after a data transfer

e When DTSZ = 0, MARA is incremented by 1 after a transfer

e When DTSZ = 1, MARA is incremented by 2 after a transfer
1 0 MARA is fixed

MARA is decremented after a data transfer

e When DTSZ = 0, MARA is decremented by 1 after a transfer

e When DTSZ = 1, MARA is decremented by 2 after a transfer

Bit 12—Block Direction (BLKDIR)

Bit 11—Block Enable (BLKE): These bits specify whether normal mode or block transfer mode
is to be used. If block transfer mode is specified, the BLKDIR bit specifies whether the source side
or the destination side is to be the block area.

Bit 12 Bit 11

BLKDIR BLKE Description

0 0 Transfer in normal mode (Initial value)
1 Transfer in block transfer mode, destination side is block area

1 0 Transfer in normal mode
1 Transfer in block transfer mode, source side is block area

For operation in normal mode and block transfer mode, see section 7.5, Operation.

Bits 10 to 7—Reserved: Although these bits are readable/writable, only 0 should be written here.
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Bit 6—Destination Address Increment/Decrement (DAID)

Bit 5—Destination Address Increment/Decrement Enable (DAIDE): These bits specify
whether destination address register MARB is to be incremented, decremented, or left unchanged,
when data transfer is performed.

Bit 6 Bit 5

DAID DAIDE Description

0 0 MARSB is fixed (Initial value)
1 MARB is incremented after a data transfer

e When DTSZ = 0, MARB is incremented by 1 after a transfer

e When DTSZ = 1, MARB is incremented by 2 after a transfer
1 0 MARB is fixed

MARB is decremented after a data transfer

e When DTSZ = 0, MARB is decremented by 1 after a transfer

e When DTSZ = 1, MARB is decremented by 2 after a transfer

Bit 4—Reserved: Although this bit is readable/writable, only O should be written here.

Bits 3 to 0—Data Transfer Factor (DTF3 to DTF0): These bits select the data transfer factor
(activation source). The factors that can be specified differ between normal mode and block
transfer mode.

e Normal Mode

Bit 3 Bit 2 Bit 1 Bit 0
DTF3 DTF2 DTF1 DTFO Description

0 0 0 0 — (Initial value)

1 —
1 0 Activated by DREQ pin falling edge input
1 Activated by DREQ pin low-level input
1 0 * J—

0 Auto-request (cycle steal)
1 Auto-request (burst)

1 * k % J—

*: Don't care
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e Block Transfer Mode

Bit 3 Bit Bit 1 Bit 0
DTF3 DTF2 DTF1 DTFO  Description
0 0 0 0 — (Initial value)
1 —
1 0 Activated by DREQ pin falling edge input™
1 Activated by DREQ pin low-level input
1 0 0 Activated by SCI channel 0 transmission complete interrupt
1 Activated by SCI channel 0 reception complete interrupt
1 0 Activated by SCI channel 1 transmission complete interrupt
1 Activated by SCI channel 1 reception complete interrupt
1 0 0 0 Activated by TPU channel 0 compare match/input capture
A interrupt
1 Activated by TPU channel 1 compare match/input capture
A interrupt
1 0 Activated by TPU channel 2 compare match/input capture
A interrupt
1 —
1 0 0 —
1 —
1 0 —

1 —
Note: * Detected as a low level in the first transfer after transfer is enabled.

The same factor can be selected for more than one channel. In this case, activation starts with the
highest-priority channel according to the relative channel priorities. For relative channel priorities,
see section 7.5.10, DMAC Multi-Channel Operation.
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7.3.5 DMA Band Control Register (DMABCR)

Bit .15 14 13 12 1 10 9 8
DMABCRH : \ FAE1 \ FAEO \ — \ — \ DTA1B \ DTA1A \ DTAOB \ DTAOA \
Initial value : 0 0 0 0 0 0 0 0
RW . RW R/W RW RW RW R/W R/W R/W
Bit : 7 6 5 4 3 2 1 0
DMABCRL : ‘ DTME1 ‘ DTE1 \ DTMEO \ DTEO \ DTIE1B \ DTIE1A \ DTIEOB \ DTIEOA ‘
Initial value : 0 0 0 0 0 0 0 0
RIW . RW R/W RIW RIW RIW R/W R/W RW

DMABCR is a 16-bit readable/writable register that controls the operation of each DMAC
channel.

DMABCR is initialized to H'0000 by a reset, and in standby mode.

Bit 15—Full Address Enable 1 (FAE1): Specifies whether channel 1 is to be used in short
address mode or full address mode.

In full address mode, channels 1A and 1B are used together as a single channel.

Bit 15

FAE1 Description

0 Short address mode (Initial value)
1 Full address mode

Bit 14—Full Address Enable 0 (FAEQ): Specifies whether channel 0 is to be used in short
address mode or full address mode.

In full address mode, channels OA and OB are used together as a single channel.

Bit 14

FAEO Description

0 Short address mode (Initial value)
1 Full address mode
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Bits 13 and 12—Reserved: This bit is reserved and only 0 can be written to, writing 1 causes a
malfunction error.

Bits 11 and 9—Data Transfer Acknowledge (DTA): These bits enable or disable clearing, when
DMA transfer is performed, of the internal interrupt source selected by the data transfer factor
setting.

When DTE =1 and DTA = 1, the internal interrupt source selected by the data transfer factor
setting is cleared automatically by DMA transfer. When DTE = 1 and DTA = 1, the internal
interrupt source selected by the data transfer factor setting does not issue an interrupt request to the
CPU or DTC.

When the DTE = 1 and the DTA = 0, the internal interrupt source selected by the data transfer
factor setting is not cleared when a transfer is performed, and can issue an interrupt request to the
CPU or DTC in parallel. In this case, the interrupt source should be cleared by the CPU or DTC
transfer.

When the DTE = 0, the internal interrupt source selected by the data transfer factor setting issues
an interrupt request to the CPU or DTC regardless of the DTA bit setting.

The state of the DTME bit does not affect the above operations.

Bit 11—Data Transfer Acknowledge 1 (DTA1B): Enables or disables clearing, when DMA
transfer is performed, of the internal interrupt source selected by the channel 1 data transfer factor
setting.

Bit 11
DTA1B Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled
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Bit 9—Data Transfer Acknowledge 0 (DTAOB): Enables or disables clearing, when DMA
transfer is performed, of the internal interrupt source selected by the channel O data transfer factor
setting.

Bit9
DTAOB Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled

Bits 10 and 8—Reserved (DTA1A, DTAOA): Reserved bits in full address mode. Although these
bits are readable/writable, only O should be written here.

Bits 7 and 5—Data Transfer Master Enable (DTME): Together with the DTE bit, these bits
control enabling or disabling of data transfer on the relevant channel. When both the DTME bit
and the DTE bit are set to 1, transfer is enabled for the channel.

If the relevant channel is in the middle of a burst mode transfer when an NMI interrupt is
generated, the DTME bit is cleared, the transfer is interrupted, and bus mastership passes to the
CPU. When the DTME bit is subsequently set to 1 again, the interrupted transfer is resumed. In
block transfer mode, however, the DTME bit is not cleared by an NMI interrupt, and transfer is
not interrupted.

The conditions for the DTME bit being cleared to 0 are as follows:

e When initialization is performed
e  When NMI is input in burst mode
e  When 0 is written to the DTME bit

The condition for DTME being set to 1 is as follows:
e When 1 is written to DTME after DTME is read as 0

Bit 7—Data Transfer Master Enable 1 (DTME1): Enables or disables data transfer on channel

1.

Bit 7

DTME1 Description

0 Data transfer disabled. In burst mode, cleared to 0 by an NMI interrupt  (Initial value)
1 Data transfer enabled
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Bit 5—Data Transfer Master Enable 0 (DTMEQ): Enables or disables data transfer on channel

0.

Bit5

DTMEO Description

0 Data transfer disabled. In normal mode, cleared to 0 by an NMl interrupt (Initial value)
1 Data transfer enabled

Bits 6 and 4—Data Transfer Enable (DTE): When DTE = 0, data transfer is disabled and the
activation source selected by the data transfer factor setting is ignored. If the activation source is
an internal interrupt, an interrupt request is issued to the CPU or DTC. If the DTIE bit is set to 1
when DTE = 0, the DMAC regards this as indicating the end of a transfer, and issues a transfer
end interrupt request to the CPU.

The conditions for the DTE bit being cleared to O are as follows:

e When initialization is performed
e When the specified number of transfers have been completed
e  When 0 is written to the DTE bit to forcibly abort the transfer, or for a similar reason

When DTE =1 and DTME = 1, data transfer is enabled and the DMAC waits for a request by the
activation source selected by the data transfer factor setting. When a request is issued by the
activation source, DMA transfer is executed.

The condition for the DTE bit being set to 1 is as follows:
e When 1 is written to the DTE bit after the DTE bit is read as O

Bit 6—Data Transfer Enable 1 (DTE1): Enables or disables data transfer on channel 1.

Bit 6

DTE1 Description

0 Data transfer disabled (Initial value)
1 Data transfer enabled
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Bit 4—Data Transfer Enable 0 (DTEO0): Enables or disables data transfer on channel 0.

Bit 4

DTEO Description

0 Data transfer disabled (Initial value)
1 Data transfer enabled

Bits 3 and 1—Data Transfer Interrupt Enable B (DTIEB): These bits enable or disable an
interrupt to the CPU or DTC when transfer is interrupted. If the DTIEB bit is set to 1 when
DTME = 0, the DMAC regards this as indicating a break in the transfer, and issues a transfer
break interrupt request to the CPU or DTC.

A transfer break interrupt can be canceled either by clearing the DTIEB bit to O in the interrupt
handling routine, or by performing processing to continue transfer by setting the DTME bit to 1.

Bit 3—Data Transfer Interrupt Enable 1B (DTIE1B): Enables or disables the channel 1
transfer break interrupt.

Bit 3

DTIE1B Description

0 Transfer break interrupt disabled (Initial value)
1 Transfer break interrupt enabled

Bit 1—Data Transfer Interrupt Enable 0B (DTIE0B): Enables or disables the channel 0
transfer break interrupt.

Bit 1

DTIEOB Description

0 Transfer break interrupt disabled (Initial value)
1 Transfer break interrupt enabled
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Bits 2 and 0—Data Transfer End Interrupt Enable A (DTIEA): These bits enable or disable
an interrupt to the CPU or DTC when transfer ends. If DTIEA bit is set to 1 when DTE = 0, the
DMAC regards this as indicating the end of a transfer, and issues a transfer end interrupt request to
the CPU or DTC.

A transfer end interrupt can be canceled either by clearing the DTIEA bit to O in the interrupt
handling routine, or by performing processing to continue transfer by setting the transfer counter
and address register again, and then setting the DTE bit to 1.

Bit 2—Data Transfer Interrupt Enable 1A (DTIE1A): Enables or disables the channel 1
transfer end interrupt.

Bit 2

DTIE1A Description

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled

Bit 0—Data Transfer Interrupt Enable 0A (DTIE0A): Enables or disables the channel O
transfer end interrupt.

Bit 0

DTIEOA Description

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled
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7.4 Register Descriptions (3)

7.4.1 DMA Write Enable Register (DMAWER)

The DMAC can activate the DTC with a transfer end interrupt, rewrite the channel on which the
transfer ended using a DTC chain transfer, and reactivate the DTC. DMAWER applies restrictions
so that only specific bits of DMACR for the specific channel and also DMATCR and DMABCR
can be changed to prevent inadvertent changes being made to registers other than those for the
channel concerned. The restrictions applied by DMAWER are valid for the DTC.

Figure 7.2 shows the transfer areas for activating the DTC with a channel OA transfer end
interrupt, and reactivating channel OA. The address register and count register area is re-set by the
first DTC transfer, then the control register area is re-set by the second DTC chain transfer.

When re-setting the control register area, perform masking by setting bits in DMAWER to prevent
modification of the contents of the other channels.

MAROA

First transfer area

I0AROA

ETCROA

MAROB

I0OAROB

ETCROB

MAR1A

DTC

I0AR1A

ETCR1A

MAR1B

I0AR1B

ETCR1B
DMAWER DMATCR

DMACROA DMACRO0B

DMACR1A DMACR1B

Second transfer area
using chain transfer

DMABCR
T —

Figure 7.2 Areas for Register Re-Setting by DTC (Example: Channel 0A)
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Bit : 7 6 5 4 3 2 1 0
DMAWER :\ — \ — \ — \ — \ WE1B \ WE1A \ WEOB \ WEOA \
Initial value : 0 0 0 0 0 0 0 0
RW — — — — RW RW RW RW

DMAWER is an 8-bit readable/writable register that controls enabling or disabling of writes to the
DMACR, DMABCR, and DMATCR by the DTC.

DMAWER is initialized to H'0O by a reset, and in standby mode.

Bits 7 to 4—Reserved: Read-only bits, always read as 0.

Bit 3—Write Enable 1B (WE1B): Enables or disables writes to all bits in DMACRIB, bits 11, 7,
and 3 in DMABCR, and bit 5 in DMATCR by the DTC.

Bit 3

WE1B Description

0 Writes to all bits in DMACR1B, bits 11, 7, and 3 in DMABCR, and bit 5 in DMATCR
are disabled (Initial value)

Writes to all bits in DMACR1B, bits 11, 7, and 3 in DMABCR, and bit 5 in DMATCR
are enabled

Bit 2—Write Enable 1A (WE1A): Enables or disables writes to all bits in DMACR1A, and bits
10, 6, and 2 in DMABCR by the DTC.

Bit 2
WE1A Description
0 Writes to all bits in DMACR1A, and bits 10, 6, and 2 in DMABCR are disabled

(Initial value)

Writes to all bits in DMACR1A, and bits 10, 6, and 2 in DMABCR are enabled
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Bit 1—Write Enable 0B (WEOB): Enables or disables writes to all bits in DMACROB, bits 9, 5,
and 1 in DMABCR, and bit 4 in DMATCR.

Bit 1
WEOB Description
0 Writes to all bits in DMACROB, bits 9, 5, and 1 in DMABCR, and bit 4 in DMATCR
are disabled (Initial value)
1 Writes to all bits in DMACROB, bits 9, 5, and 1 in DMABCR, and bit 4 in DMATCR
are enabled

Bit 0—Write Enable 0A (WEO0A): Enables or disables writes to all bits in DMACROA, and bits
8, 4, and 0 in DMABCR.

Bit 0
WEOA Description
0 Writes to all bits in DMACROA, and bits 8, 4, and 0 in DMABCR are disabled
(Initial value)
1 Writes to all bits in DMACROA, and bits 8, 4, and 0 in DMABCR are enabled

Writes by the DTC to bits 15 to 12 (FAE and SAE) in DMABCR are invalid regardless of the
DMAWER settings. These bits should be changed, if necessary, by CPU processing.

In writes by the DTC to bits 7 to 4 (DTE) in DMABCR, 1 can be written without first reading 0.
To reactivate a channel set to full address mode, write 1 to both Write Enable A and Write Enable
B for the channel to be reactivated.

MAR, IOAR, and ETCR are always write-enabled regardless of the DMAWER settings. When
modifying these registers, the channel for which the modification is to be made should be halted.
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7.4.2 DMA Terminal Control Register (DMATCR)

Bit : 7 6 5 4 3 2 1 0
DMATCR :\ — \ — \ TEET \ TEEO \ — \ — \ — \ —
Initial value : 0 0 0 0 0 0 0 0
RW S— — RW RW — — — —

DMATCR is an 8-bit readable/writable register that controls enabling or disabling of DMAC
transfer end pin output. A port can be set for output automatically, and a transfer end signal output,
by setting the appropriate bit.

DMATCR is initialized to H'0O by a reset, and in standby mode.
Bits 7 and 6—Reserved: Read-only bits, always read as 0.

Bit 5—Transfer End Enable 1 (TEE1): Enables or disables transfer end pin 1 (TEND1) output.

Bit5

TEEA1 Description

0 TENDT pin output disabled (Initial value)
1 TEND1 pin output enabled

Bit 4—Transfer End Enable 0 (TEE0): Enables or disables transfer end pin 0 (TENDO) output.

Bit 4

TEEO Description

0 TENDO pin output disabled (Initial value)
1 TENDO pin output enabled

The TEND pins are assigned only to channel B in short address mode.

The transfer end signal indicates the transfer cycle in which the transfer counter reached 0,
regardless of the transfer source. An exception is block transfer mode, in which the transfer end
signal indicates the transfer cycle in which the block counter reached 0.

Bits 3 to 0—Reserved: Read-only bits, always read as 0.
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7.4.3 Module Stop Control Register A (MSTPCRA)

Bit : 7 6 5 4 3 2 1 0

\ MSTPA7 \ MSTPA6 \ MSTPA5 \ MSTPA4 \ MSTPA3 \ MSTPA2 \ MSTPA1 \ MSTPAO‘
Initial value : 0 0 1 1 1 1 1 1
RW . RW R/W RW RW RW R/W R/W R/W

MSTPCRA is an 8-bit readable/writable register that performs module stop mode control.

When the MSTPA7 bit in MSTPCR s set to 1, the DMAC operation stops at the end of the bus
cycle and a transition is made to module stop mode. For details, see section 17.5, Module Stop
Mode.

MSTPCRA is initialized to H'3F by a reset and in hardware standby mode. It is not initialized by a
manual reset and in software standby mode.

Bit 7—Module Stop (MSTP7): Specifies the DMAC module stop mode.

Bits 7

MSTPA7 Description

0 DMAC module stop mode cleared (Initial value)
1 DMAC module stop mode set
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7.5 Operation

7.5.1 Transfer Modes

Table 7.6 lists the DMAC modes.

Table 7.6 DMAC Transfer Modes

Transfer Mode

Transfer Source

Remarks

Short Dual (1) Sequential mode e TPU channel 0 to 2 e Upto 4 channels
address address (2) Idle mode compare match/input can operate
mode mode (3) Repeat mode capture A interrupt independently
e SCI transmission e External request
complete interrupt applies to channel B
¢ SCl reception complete only
interrupt
o External request
Full address (4) Normal mode o External request e Max. 2-channel
mode

Auto-request

(5) Block transfer
mode

TPU channel 0 to 2
compare match/input
capture A interrupt
SCI transmission
complete interrupt

SCI reception complete

interrupt
External request

operation,
combining channels
Aand B

With auto-request,
burst mode transfer
or cycle steal
transfer can be
selected

Rev.4.00 Sep. 18, 2008 Page 209 of 872

RENESAS

REJ09B0189-0400



Section 7 DMA Controller

Operation in each mode is summarized below.
(1) Sequential Mode

In response to a single transfer request, the specified number of transfers are carried out, one byte
or one word at a time. An interrupt request can be sent to the CPU or DTC when the specified
number of transfers have been completed. One address is specified as 24 bits, and the other as 16
bits. The transfer direction is programmable.

(2) Idle Mode

In response to a single transfer request, the specified number of transfers are carried out, one byte
or one word at a time. An interrupt request can be sent to the CPU or DTC when the specified
number of transfers have been completed. One address is specified as 24 bits, and the other as 16
bits. The transfer source address and transfer destination address are fixed. The transfer direction
is programmable.

(3) Repeat Mode

In response to a single transfer request, the specified number of transfers are carried out, one byte
or one word at a time. When the specified number of transfers have been completed, the addresses
and transfer counter are restored to their original settings, and operation is continued. No interrupt
request is sent to the CPU or DTC. One address is specified as 24 bits, and the other as 16 bits.
The transfer direction is programmable.

(4) Normal Mode

e Auto-request
By means of register settings only, the DMAC is activated, and transfer continues until the
specified number of transfers have been completed. An interrupt request can be sent to the
CPU or DTC when transfer is completed. Both addresses are specified as 24 bits.
— Cycle steal mode: The bus is released to another bus master every byte or word transfer.
— Burst mode: The bus is held and transfer continued until the specified number of transfers

have been completed.

o External request
In response to a single transfer request, the specified number of transfers are carried out, one
byte or one word at a time. An interrupt request can be sent to the CPU or DTC when the
specified number of transfers have been completed. Both addresses are specified as 24 bits.
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(5) Block Transfer Mode

In response to a single transfer request, a block transfer of the specified block size is carried out.
This is repeated the specified number of times, once each time there is a transfer request. At the
end of each single block transfer, one address is restored to its original setting. An interrupt
request can be sent to the CPU or DTC when the specified number of block transfers have been
completed. Both addresses are specified as 24 bits.

7.5.2 Sequential Mode

Sequential mode can be specified by clearing the RPE bit in DMACR to 0. In sequential mode,
MAR is updated after each byte or word transfer in response to a single transfer request, and this is
executed the number of times specified in ETCR.

One address is specified by MAR, and the other by IOAR. The transfer direction can be specified
by the DTDIR bit in DMACR.

Table 7.7 summarizes register functions in sequential mode.

Table 7.7  Register Functions in Sequential Mode

Function
Register DTDIR=0 DTDIR =1 Initial Setting Operation
23 . . 0 Source Destination Start address of Incremented/
| . MAR | address address transfer destination decremented every
' ' register register or transfer source  transfer
23 15 0 Destination Source Start address of Fixed
| H'FF | I10AR | address address transfer source or
register register transfer destination
15 ' 0 Transfer counter Number of transfers Decremented every
| ETCR | transfer; transfer

ends when count
reaches H'0000

Legend:

MAR: Memory address register
IOAR: 1/O address register
ETCR: Transfer count register
DTDIR: Data transfer direction bit

MAR specifies the start address of the transfer source or transfer destination as 24 bits. MAR is
incremented or decremented by 1 or 2 each time a byte or word is transferred.
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IOAR specifies the lower 16 bits of the other address. The 8 bits above IOAR have a value of
H'FF.

Figure 7.3 illustrates operation in sequential mode.

/\_/ /\_/

Address T — - IOAR

1 byte or word transfer performed in
response to 1 transfer request

Legend:
Address T=L
\j Address B =L + (—1)DTID. (2DTSZ. (N-1))

Where : L = Value setin MAR
N = Value setin ETCR

Address B —m

/\/

Figure 7.3 Operation in Sequential Mode

The number of transfers is specified as 16 bits in ETCR. ETCR is decremented by 1 each time a
transfer is executed, and when its value reaches H'0000, the DTE bit is cleared and transfer ends.
If the DTIE bit is set to 1 at this time, an interrupt request is sent to the CPU or DTC.

The maximum number of transfers, when H'0000 is set in ETCR, is 65,536.
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Transfer requests (activation sources) consist of external requests, SCI transmission complete and
reception complete interrupts, and TPU channel O to 2 compare match/input capture A interrupts.

External requests can be set for channel B only.

Figure 7.4 shows an example of the setting procedure for sequential mode.

<Sequential mode settin@

Set DMABCRH

Set transfer source
and transfer destination
addresses

Set number of transfers

Set DMACR

Read DMABCRL

Set DMABCRL

Y

( Sequential mode )

(1]

[2]

(3]

(4]

(5]

(6]

[1] Set each bit in DMABCRH.

Clear the FAE bit to 0 to select short address
mode.

Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

[2] Set the transfer source address and transfer
destination address in MAR and IOAR.

[3] Setthe number of transfers in ETCR.

[4] Set each bit in DMACR.

Set the transfer data size with the DTSZ bit.
Specify whether MAR is to be incremented or
decremented with the DTID bit.

Clear the RPE bit to 0 to select sequential
mode.

Specify the transfer direction with the DTDIR
bit.

Select the activation source with bits DTF3 to
DTFO.

[5] Read the DTE bit in DMABCRL as 0.

[6] Set each bitin DMABCRL.

Specify enabling or disabling of transfer end
interrupts with the DTIE bit.
Set the DTE bit to 1 to enable transfer.

Figure 7.4 Example of Sequential Mode Setting Procedure
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7.5.3 Idle Mode

Idle mode can be specified by setting the RPE bit and DTIE bit in DMACR to 1. In idle mode, one
byte or word is transferred in response to a single transfer request, and this is executed the number
of times specified in ETCR.

One address is specified by MAR, and the other by IOAR. The transfer direction can be specified
by the DTDIR bit in DMACR.

Table 7.8 summarizes register functions in idle mode.

Table 7.8  Register Functions in Idle Mode

Function

Register DTDIR=0 DTDIR =1 Initial Setting Operation
23 . . 0 Source Destination Start address of Fixed
| . MAR | address address transfer destination

' ' register register or transfer source
23 15 0 Destination Source Start address of Fixed
| H'FF | I0AR | address address transfer source or

register register transfer destination
15 ' 0 Transfer counter Number of transfers Decremented every
| ETCR | transfer; transfer

ends when count
reaches H'0000

Legend:

MAR:  Memory address register
IOAR: 1/O address register
ETCR: Transfer count register
DTDIR: Data transfer direction bit

MAR specifies the start address of the transfer source or transfer destination as 24 bits. MAR is
neither incremented nor decremented each time a byte or word is transferred.

IOAR specifies the lower 16 bits of the other address. The 8 bits above IOAR have a value of
H'FF.
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Figure 7.5 illustrates operation in idle mode.

MAR —

/\/

/—\/

/\/

-4— |OAR

/—\/

1 byte or word transfer performed in
response to 1 transfer request

Figure 7.5 Operation in Idle Mode

The number of transfers is specified as 16 bits in ETCR. ETCR is decremented by 1 each time a
transfer is executed, and when its value reaches H'0000, the DTE bit is cleared and transfer ends.
If the DTIE bit is set to 1 at this time, an interrupt request is sent to the CPU or DTC.

The maximum number of transfers, when H'0000 is set in ETCR, is 65,536.

Transfer requests (activation sources) consist of external requests, SCI transmission complete and
reception complete interrupts, and TPU channel O to 2 compare match/input capture A interrupts.
External requests can be set for channel B only.

When the DMAC is used in single address mode, only channel B can be set.
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Figure 7.6 shows an example of the setting procedure for idle mode.

C Idle mode setting >

Set DMABCRH

Set transfer source
and transfer destination
addresses

Set number of transfers

Set DMACR

Read DMABCRL

Set DMABCRL

:

< Idle mode >

2]

(3]

[4]

[5]

(6]

[1] Set each bitin DMABCRH.
e Clear the FAE bit to 0 to select short address
mode.
* Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

[2] Set the transfer source address and transfer
destination address in MAR and I0AR.

[3] Set the number of transfers in ETCR.

[4] Set each bit in DMACR.

e Set the transfer data size with the DTSZ bit.

e Specify whether MAR is to be incremented or
decremented with the DTID bit.

e Set the RPE bit to 1.

e Specify the transfer direction with the DTDIR
bit.

e Select the activation source with bits DTF3 to
DTFO.

[5] Read the DTE bit in DMABCRL as 0.

[6] Set each bitin DMABCRL.
e Setthe DTIE bitto 1.
¢ Setthe DTE bit to 1 to enable transfer.

Figure 7.6 Example of Idle Mode Setting Procedure
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7.5.4 Repeat Mode

Repeat mode can be specified by setting the RPE bit in DMACR to 1, and clearing the DTIE bit in
DMABCRL to 0. In repeat mode, MAR is updated after each byte or word transfer in response to
a single transfer request, and this is executed the number of times specified in ETCR. On
completion of the specified number of transfers, MAR and ETCRL are automatically restored to
their original settings and operation continues.

One address is specified by MAR, and the other by IOAR. The transfer direction can be specified
by the DTDIR bit in DMACR.

Table 7.9 summarizes register functions in repeat mode.

Table 7.9  Register Functions in Repeat Mode

Function
Register DTDIR=0 DTDIR =1 Initial Setting Operation
23 . . 0 Source Destination Start address of Incremented/
MAR | address address transfer destination decremented every
' register register or transfer source  transfer. Initial
setting is restored
when value reaches
H'0000
23 15 0 Destination Source Start address of Fixed
| H'FF | I10AR | address address transfer source or
register register transfer destination
Holds number of Number of transfers Fixed

7 0
ETCRH | transfers

Transfer counter Number of transfers Decremented every
7Y o0 transfer. Loaded

ETCRL with ETCRH value
when count reaches
H'00

Legend:

MAR: Memory address register
IOAR: I/O address register
ETCR: Transfer count register
DTDIR: Data transfer direction bit
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MAR specifies the start address of the transfer source or transfer destination as 24 bits. MAR is
incremented or decremented by 1 or 2 each time a byte or word is transferred.

IOAR specifies the lower 16 bits of the other address. The 8 bits above IOAR have a value of
H'FF.

The number of transfers is specified as 8 bits by ETCRH and ETCRL. The maximum number of
transfers, when H'00 is set in both ETCRH and ETCRL, is 256.

In repeat mode, ETCRL functions as the transfer counter, and ETCRH is used to hold the number
of transfers. ETCRL is decremented by 1 each time a transfer is executed, and when its value
reaches H'00, it is loaded with the value in ETCRH. At the same time, the value set in MAR is
restored in accordance with the values of the DTSZ and DTID bits in DMACR. The MAR
restoration operation is as shown below.

MAR = MAR - (-1)°". 2°™*. ETCRH
The same value should be set in ETCRH and ETCRL.

In repeat mode, operation continues until the DTE bit is cleared. To end the transfer operation,
therefore, you should clear the DTE bit to 0. A transfer end interrupt request is not sent to the CPU
or DTC.

By setting the DTE bit to 1 again after it has been cleared, the operation can be restarted from the
transfer after that terminated when the DTE bit was cleared.
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Figure 7.7 illustrates operation in repeat mode.

/\_/ /\_/

Address T — < IOAR

1 byte or word transfer performed in
response to 1 transfer request

Legend:
Address T=L
\j Address B =L + (—1)DTID. (2DTSZ. (N — 1))
Address B N Where : L = Value setin MAR

N = Value setin ETCR

/\/

Figure 7.7 Operation in Repeat mode

Transfer requests (activation sources) consist of external requests, SCI transmission complete and
reception complete interrupts, and TPU channel O to 2 compare match/input capture A interrupts.
External requests can be set for channel B only.
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Figure 7.8 shows an example of the setting procedure for repeat mode.

< Repeat mode setting)

Set DMABCRH

Set transfer source
and transfer destination
addresses

Set number of transfers

Set DMACR

Read DMABCRL

Set DMABCRL

\

< Repeat mode >

(1]

2]

[3]

[4]

[5]

[6]

[1] Set each bitin DMABCRH.

Clear the FAE bit to 0 to select short address
mode.

Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

[2] Set the transfer source address and transfer
destination address in MAR and IOAR.

[3] Setthe number of transfers in both ETCRH and
ETCRL.

[4] Set each bitin DMACR.

Set the transfer data size with the DTSZ bit.
Specify whether MAR is to be incremented or
decremented with the DTID bit.

Set the RPE bit to 1.

Specify the transfer direction with the DTDIR
bit.

Select the activation source with bits DTF3 to
DTFO.

[5] Read the DTE bit in DMABCRL as 0.

[6] Set each bitin DMABCRL.

Clear the DTIE bit to 0.
Set the DTE bit to 1 to enable transfer.

Figure 7.8 Example of Repeat Mode Setting Procedure
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7.5.5 Normal Mode

In normal mode, transfer is performed with channels A and B used in combination. Normal mode
can be specified by setting the FAE bit in DMABCR to 1 and clearing the BLKE bit in DMACRA
to 0.

In normal mode, MAR is updated after each byte or word transfer in response to a single transfer
request, and this is executed the number of times specified in ETCRA. The transfer source is
specified by MARA, and the transfer destination by MARB.

Table 7.10 summarizes register functions in normal mode.

Table 7.10 Register Functions in Normal Mode

Register Function Initial Setting Operation
23 . . 0 Source address  Start address of Incremented/decremented
| ! MARA | | register transfer source every transfer, or fixed
23 . . 0 Destination Start address of Incremented/decremented
| . MARB | address register transfer destination every transfer, or fixed

15 (|) Transfer counter Number of transfers Decremented every

transfer; transfer ends
when count reaches
H'0000

Legend:

MARA: Memory address register A
MARB: Memory address register B
ETCRA: Transfer count register A

MARA and MARB specify the start addresses of the transfer source and transfer destination,
respectively, as 24 bits. MAR can be incremented or decremented by 1 or 2 each time a byte or
word is transferred, or can be fixed.

Incrementing, decrementing, or holding a fixed value can be set separately for MARA and
MARB.

The number of transfers is specified by ETCRA as 16 bits. ETCRA is decremented each time a
transfer is performed, and when its value reaches H'0000 the DTE bit is cleared and transfer ends.
If the DTIE bit is set to 1 at this time, an interrupt request is sent to the CPU or DTC.

The maximum number of transfers, when H'0000 is set in ETCRA, is 65,536.
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Figure 7.9 illustrates operation in normal mode.

/\/ /\/

Address Ta —m| -4 Address Tg

Y \

Address Bo —m| -a—— Address Bg

/\/ /\/

Legend:
Address Ta =La
Address Tg =Lg
Address Ba = La + SAIDE - (—1)SAID . (2DTSZ . (N — 1))
Address Bg = Lg + DAIDE - (—1)PAID . (2DTSZ . (N — 1))
Where : La = Value set in MARA

Lg = Value set in MARB

N =Value setin ETCRA

Figure 7.9 Operation in Normal Mode
Transfer requests (activation sources) are external requests and auto-requests.

With auto-request, the DMAC is only activated by register setting, and the specified number of
transfers are performed automatically. With auto-request, cycle steal mode or burst mode can be
selected. In cycle steal mode, the bus is released to another bus master each time a transfer is
performed. In burst mode, the bus is held continuously until transfer ends.
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For setting details, see section 7.3.4, DMA Controller Register (DMACR).

Figure 7.10 shows an example of the setting procedure for normal mode.

( Normal mode setting )

Set DMABCRH

Set transfer source and
transfer destination
addresses

Set number of transfers

Set DMACR

Read DMABCRL

Set DMABCRL

Y

( Normal mode >

(1]

(2]

(3]

(4]

(5]

6]

(1]

(3]
(4]

(5]
(6]

Set each bit in DMABCRH.

* Set the FAE bit to 1 to select full address
mode.

* Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

Set the transfer source address in MARA, and
the transfer destination address in MARB.

Set the number of transfers in ETCRA.

Set each bit in DMACRA and DMACRB.

e Set the transfer data size with the DTSZ bit.
* Specify whether MARA is to be incremented,
decremented, or fixed, with the SAID and

SAIDE bits.

e Clear the BLKE bit to 0 to select normal
mode.

¢ Specify whether MARB is to be incremented,
decremented, or fixed, with the DAID and
DAIDE bits.

¢ Select the activation source with bits DTF3 to
DTFO.

Read DTE = 0 and DTME = 0 in DMABCRL.

Set each bit in DMABCRL.

¢ Specify enabling or disabling of transfer end
interrupts with the DTIE bit.

¢ Set both the DTME bit and the DTE bit to 1 to
enable transfer.

Figure 7.10 Example of Normal Mode Setting Procedure
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7.5.6 Block Transfer Mode

In block transfer mode, transfer is performed with channels A and B used in combination. Block
transfer mode can be specified by setting the FAE bit in DMABCR and the BLKE bit in
DMACRA to 1.

In block transfer mode, a transfer of the specified block size is carried out in response to a single
transfer request, and this is executed the specified number of times. The transfer source is
specified by MARA, and the transfer destination by MARB. Either the transfer source or the
transfer destination can be selected as a block area (an area composed of a number of bytes or
words).

Table 7.11 summarizes register functions in block transfer mode.

Table 7.11 Register Functions in Block Transfer Mode

Register Function Initial Setting Operation
23 . . 0 Source address  Start address of Incremented/decremented
| ' MARA ! | register transfer source every transfer, or fixed
23 . . 0 Destination Start address of Incremented/decremented
| . MARB | address register transfer destination every transfer, or fixed
7 0 Holds block Block size Fixed
ETCRAH| size
Block size Block size Decremented every
7 Y 0 counter transfer; ETCRH value
ETCRAL copied when count reaches
H'00
15 . 0 Block transfer Number of block Decremented every block
| ETCRB | counter transfers transfer; transfer ends
' when count reaches
H'0000

Legend:

MARA: Memory address register A
MARB: Memory address register B
ETCRA: Transfer count register A
ETCRB: Transfer count register B

MARA and MARB specify the start addresses of the transfer source and transfer destination,
respectively, as 24 bits. MAR can be incremented or decremented by 1 or 2 each time a byte or
word is transferred, or can be fixed.
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Incrementing, decrementing, or holding a fixed value can be set separately for MARA and
MARB.

Whether a block is to be designated for MARA or for MARB is specified by the BLKDIR bit in
DMACRA.

To specify the number of transfers, if M is the size of one block (where M = 1 to 256) and N
transfers are to be performed (where N = 1 to 65,536), M is set in both ETCRAH and ETCRAL,
and N in ETCRB.

Figure 7.11 illustrates operation in block transfer mode when MARB is designated as a block area.

Address Ty —m=| _ ] ~4— Address Tg
—  istblock —| —  Blockarea — i}
Consecutive transfer ~=— Address Bg
of M bytes or words

is performed in T~

response to one
— 2nd block ~ —| request

Y —

Address By —m=

/\/

Legend:
Address Ta =La
Address Tg =Lg
Address Ba = La + SAIDE - (—1)SAID . (2DTSZ. (M - N — 1))
Address Bg = Lg + DAIDE - (—1)DAID . (2DTSZ . (N — 1))
Where : La = Value setin MARA

Lg = Value set in MARB

N = Value setin ETCRB

M = Value set in ETCRAH and ETCRAL

Figure 7.11 Operation in Block Transfer Mode (BLKDIR = 0)
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Figure 7.12 illustrates operation in block transfer mode when MARA is designated as a block area.

T~ T~

—  Blockarea — _ 1st block ]

Address Bo —m Consecutive transfer|
of M bytes or words

is performed in
/\/ response to one

request

Address Ta — -— Address Ty

— 2nd block —

— Nth block —

Y

-4— Address By

Legend: /\/

Address Ta =La
Address Tg =Lp
Address Ba = La + SAIDE - (—1)SAID . (2DTSZ . (N — 1))
Address Bg = Lg + DAIDE - (—1)DAID . (2DTSZ. (M - N — 1))
Where : La = Value setin MARA

Lg = Value set in MARB

N = Value setin ETCRB

M = Value setin ETCRAH and ETCRAL

Figure 7.12 Operation in Block Transfer Mode (BLKDIR = 1)
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ETCRAL is decremented by 1 each time a byte or word transfer is performed. In response to a
single transfer request, burst transfer is performed until the value in ETCRAL reaches H'00.
ETCRAL is then loaded with the value in ETCRAH. At this time, the value in the MAR register
for which a block designation has been given by the BLKDIR bit in DMACRA is restored in
accordance with the DTSZ, SAID/DAID, and SAIDE/DAIDE bits in DMACR.

ETCRB is decremented by 1 every block transfer, and when the count reaches H'0000 the DTE bit
is cleared and transfer ends. If the DTIE bit is set to 1 at this point, an interrupt request is sent to
the CPU or DTC.

Figure 7.13 shows the operation flow in block transfer mode.
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Start
(DTE = DTME = 1)

Lt

N |
Transfer request? °

| Read address specified by MARA |
\

| MARA = MARA + SAIDE - (—1)SAID . 2DTSZ |

| Write to address sp‘)ecified by MARB |

| MARB = MARB + DAI‘DE - (~1)DAID . 2DTSZ |

\
ETCRAL = ETCRAL - 1

ETCRAL = H'00 No
| Release bus |
\
|  ETCRAL=ETCRAH |
BLKDIR = 0 No
Yes
| MARB = MARB - DAIDE - (-1)PAD . 20TSZ. ETCRAH |
|
| MARA = MARA — SAIDE - (1)SAD. 20TSZ. ETCRAH |

—
e ‘

ETCRB = ETCRB - 1

No ETCRB = H'0000

Clear DTE bit to 0
to end transfer

Figure 7.13 Operation Flow in Block Transfer Mode

Transfer requests (activation sources) consist of external requests, SCI transmission complete and
reception complete interrupts, and TPU channel O to 2 compare match/input capture A interrupts.
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For details, see section 7.3.4, DMA Control Register (DMACR).

Figure 7.14 shows an example of the setting procedure for block transfer mode.

mode setting

( Block transfer

)

Set DMABCRH

Set transfer source
and transfer destination
addresses

Set number

of transfers

Set DMACR

Read DMABCRL

Set DMABCRL

y

/

( Block transfer mode )

(1]

(3]

[4]

(5]

(6]

[1] Set each bitin DMABCRH.
¢ Set the FAE bit to 1 to select full address
mode.
¢ Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

[2] Set the transfer source address in MARA, and
the transfer destination address in MARB.

[3] Set the block size in both ETCRAH and
ETCRAL. Set the number of transfers in
ETCRB.

[4] Set each bitin DMACRA and DMACRB.

e Set the transfer data size with the DTSZ bit.
* Specify whether MARA is to be incremented,
decremented, or fixed, with the SAID and

SAIDE bits.

¢ Set the BLKE bit to 1 to select block transfer
mode.

¢ Specify whether the transfer source or the
transfer destination is a block area with the
BLKDIR bit.

¢ Specify whether MARB is to be incremented,
decremented, or fixed, with the DAID and
DAIDE bits.

¢ Select the activation source with bits DTF3 to
DTFO.

[5] Read DTE = 0 and DTME = 0 in DMABCRL.

[6] Set each bitin DMABCRL.
* Specify enabling or disabling of transfer end
interrupts to the CPU with the DTIE bit.
¢ Set both the DTME bit and the DTE bit to 1 to
enable transfer.

Figure 7.14 Example of Block Transfer Mode Setting Procedure
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7.5.7 DMAC Activation Sources

DMAC activation sources consist of internal interrupts, external requests, and auto-requests. The
activation sources that can be specified depend on the transfer mode and the channel, as shown in
table 7.12.

Table 7.12 DMAC Activation Sources

Short Address Mode Full Address Mode
Block
Channels Channels Normal Transfer

Activation Source OAand1A OBand 1B Mode Mode
Internal TXIO O O X O
Interrupts gy O O X O
XN O O X O
RXI1 O O X O
TGIOA O O X @)
TGHA O O X O
TGI2A O O X O
External  DREQ pin falling edge input X O O O
Requests  pREqQ pin low-level input X O O O
Auto-request X X O X

Legend:
O: Can be specified
X : Cannot be specified

(1) Activation by Internal Interrupt

An interrupt request selected as a DMAC activation source can be sent simultaneously to the CPU
and DTC. For details, see section 5, Interrupt Controller.

With activation by an internal interrupt, the DMAC accepts the request independently of the
interrupt controller. Consequently, interrupt controller priority settings are not accepted.

If the DMAC is activated by a CPU interrupt source or an interrupt source that is not used as a
DTC activation source (DTA = 1), the interrupt source flag is cleared automatically by the DMA
transfer. With TXI and RXIT interrupts, however, the interrupt source flag is not cleared unless the
prescribed register is accessed in a DMA transfer. If the same interrupt is used as an activation
source for more than one channel, the interrupt request flag is cleared when the highest-priority
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channel is activated first. Transfer requests for other channels are held pending in the DMAC, and
activation is carried out in order of priority.

When DTE = 0, such as after completion of a transfer, a request from the selected activation
source is not sent to the DMAC, regardless of the DTA bit. In this case, the relevant interrupt
request is sent to the CPU or DTC.

In case of overlap with a CPU interrupt source or DTC activation source (DTA = 0), the interrupt
request flag is not cleared by the DMAC.

(2) Activation by External Request

If an external request (DREQ pin) is specified as an activation source, the relevant port should be
set to input mode in advance.

Level sensing or edge sensing can be used for external requests.

External request operation in normal mode (short address mode or full address mode) is described
below.

When edge sensing is selected, a 1-byte or 1-word transfer is executed each time a high-to-low
transition is detected on the DREQ pin. The next transfer may not be performed if the next edge is
input before transfer is completed.

When level sensing is selected, the DMAC stands by for a transfer request while the DREQ pin is
held high. While the DREQ pin is held low, transfers continue in succession, with the bus being
released each time a byte or word is transferred. If the DREQ pin goes high in the middle of a
transfer, the transfer is interrupted and the DMAC stands by for a transfer request.

(3) Activation by Auto-Request
Auto-request activation is performed by register setting only, and transfer continues to the end.
With auto-request activation, cycle steal mode or burst mode can be selected.

In cycle steal mode, the DMAC releases the bus to another bus master each time a byte or word is
transferred. DMA and CPU cycles usually alternate.

In burst mode, the DMAC keeps possession of the bus until the end of the transfer, and transfer is
performed continuously.
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7.5.8 Basic DMAC Bus Cycles

An example of the basic DMAC bus cycle timing is shown in figure 7.15. In this example, word-
size transfer is performed from 16-bit , 2-state access space to 8-bit, 3-state access space. When
the bus is transferred from the CPU to the DMAC, a source address read and destination address
write are performed. The bus is not released in response to another bus request, etc., between these
read and write operations. As with CPU cycles, DMA cycles conform to the bus controller
settings.

The address is not output to the external address bus in an access to on-chip memory or an internal
I/O register.

CPU cycle DMAC cycle (1-word transfer) | CPU cycle

T, T, Ty T, Tz Ty T, T

address ! Destination address |

X X X

Address bus

RD

HWR

LWR

Figure 7.15 Example of DMA Transfer Bus Timing
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7.5.9 DMAC Bus Cycles (Dual Address Mode)

(1) Short Address Mode

Figure 7.16 shows a transfer example in which TEND output is enabled and byte-size short
address mode transfer (sequential/idle/repeat mode) is performed from external 8-bit, 2-state

access space to internal I/O space.

DMA DMA

DMA DMA

DMA DMA  DMA

write dead,

Address bus jX jX gtx jX

AD i R — R — o
| | iy | 'y | | |
HWR : : S : O : L
i i D) i ) i i i
LWR | | IS | S | | |
‘ 1 D) 1 D) | ‘ ‘

TEND | | K | K | i
— -~ -~ |

Bus release Bus release Bus release  Last transfer Bus

cycle release

Figure 7.16 Example of Short Address Mode Transfer

A one-byte or one-word transfer is performed for one transfer request, and after the transfer the
bus is released. While the bus is released one or more bus cycles are inserted by the CPU or DTC.

In the transfer end cycle (the cycle in which the transfer counter reaches 0), a one-state DMA dead
cycle is inserted after the DMA write cycle.

In repeat mode, when TEND output is enabled, TEND output goes low in the transfer cycle in

which the transfer counter reaches 0.
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(2) Full Address Mode (Cycle Steal Mode)

Figure 7.17 shows a transfer example in which TEND output is enabled and word-size full address
mode transfer (cycle steal mode) is performed from external 16-bit, 2-state access space to
external 16-bit, 2-state access space.

DMA DMA DMA DMA DMA DMA DMA
read write  |dead|

Address bus X X )gtx X gtx X X:
S T s B e ) e
I N s s o I A
A T s e N e A I
-
Bus;;se Bu:;;ase BJs reI;ase Last transfer iBus

cycle release

Figure 7.17 Example of Full Address Mode (Cycle Steal) Transfer

Either a one-byte or a one-word transfer is performed for each transfer request, and after the
transfer the bus is released. While the bus is released one bus cycle is inserted by the CPU or
DTC.

In the transfer end cycle (the cycle in which the transfer counter reaches 0), a one-state DMA dead
cycle is inserted after the DMA write cycle.
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(3) Full Address Mode (Burst Mode)

Figure 7.18 shows a transfer example in which TEND output is enabled and word-size full address
mode transfer (burst mode) is performed from external 16-bit, 2-state access space to external 16-
bit, 2-state access space.

DMA DMA DMA DMA DMA DMA DMA
read write read write 'dead

-

L S S S S ——
I U s I s IS B
WL L L
T LT LT
o —
Bus release ™ Last transfer cydle EBUS elease

Burst transfer

Figure 7.18 Example of Full Address Mode (Burst Mode) Transfer
In burst mode, one-byte or one-word transfers are executed consecutively until transfer ends.

In the transfer end cycle (the cycle in which the transfer counter reaches 0), a one-state DMA dead
cycle is inserted after the DMA write cycle.

If a request from another higher-priority channel is generated after burst transfer starts, that
channel has to wait until the burst transfer ends.

If an NMI is generated while a channel designated for burst transfer is in the transfer enabled state,
the DTME bit is cleared and the channel is placed in the transfer disabled state. If burst transfer
has already been activated inside the DMAC, the bus is released on completion of a one-byte or
one-word transfer within the burst transfer, and burst transfer is suspended. If the last transfer
cycle of the burst transfer has already been activated inside the DMAC, execution continues to the
end of the transfer even if the DTME bit is cleared.
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(4) Full Address Mode (Block Transfer Mode)

Figure 7.19 shows a transfer example in which TEND output is enabled and word-size full address
mode transfer (block transfer mode) is performed from internal 16-bit, 1-state access space to
external 16-bit, 2-state access space.

DMA DMA DMA DMA DMA DMA DMA DMA DMA DMA
‘read]| write read] write dead| 'read| write |read, write |dead,

Address bus D D

)
(

~

A

RD | | | | | | | | | | |

L L o L L

HWR I I I I I i I I I I I :

BT S ) S S e

| | | | | N | | | | |

LWR | | | | | IS | | | | |

i i i i i i i i i i i |

| | | ‘ | by | | ‘ | |

TEND L : o : :
Bus release ! Block transfer Bus release Last block transfer ' Bus

release

Figure 7.19 Example of Full Address Mode (Block Transfer Mode) Transfer

A one-block transfer is performed for one transfer request, and after the transfer the bus is
released. While the bus is released, one or more bus cycles are inserted by the CPU or DTC.

In the transfer end cycle of each block (the cycle in which the transfer counter reaches 0), a one-
state DMA dead cycle is inserted after the DMA write cycle.

One block is transmitted without interruption. NMI generation does not affect block transfer
operation.
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(5) DREQ Pin Falling Edge Activation Timing
Set the DTA bit for the channel for which the DREQ pin is selected to 1.

Figure 7.20 shows an example of DREQ pin falling edge activated normal mode transfer.

DMA DMA Bus DMA DMA Bus
Bus release read write release read write release
| e i i et S i S
o AL L LT LA L L L e
) ! ) )
DREQ | | / /] /

I d
i 1 |
! I
I i I
I I
: \\: :
X é_X Transfer Transfer ) é_x X Transfer Transfer \
) source destination ) source destination
| | | | | |
I I I I )1 ) I I
! X:Readx Write | | Idle | | fRead) write | | idie
I I I I ] I I
| I I
I
I
i
I
I

DMA control  Idle

Channel JRequest | Request clear period l/Reque:\/t 3 Request clear period

Minimum of 2 cycles | Minimum of 2 cycles |
[ - | [ - |
1 2 18 [4  [581 [6] [7]
Acceptance resumes Acceptance resumes
[1] Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising

edge of ¢, and the request is held.
[2] [B] The request is cleared at the next bus break, and activation is started in the DMAC.
[3]1[6] Start of DMA cycle; DREQ pin high level sampling on the rising edge of ¢ starts.
[4]1[7]1 When the DREQ pin high level has been sampled, acceptance is resumed after the
write cycle is completed.
(As in [1], the DREQ pin low level is sampled on the rising edge of ¢, and the request
is held.)

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure 7.20 Example of DREQ Pin Falling Edge Activated Normal Mode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next ¢ cycle after the
end of the DMABCR write cycle for setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pin is
possible, the request is held in the DMAC. Then, when activation is initiated in the DMAC, the
request is cleared, and DREQ pin high level sampling for edge detection is started. If DREQ pin
high level sampling has been completed by the time the DMA write cycle ends, acceptance
resumes after the end of the write cycle, DREQ pin low level sampling is performed again, and
this operation is repeated until the transfer ends.
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Figure 7.21 shows an example of DREQ pin falling edge activated block transfer mode transfer.

1 block transfer 1 block transfer
\ \<—>\
! DMA DMA DMA Bus | DMA DMA  DMA! Bus
Bus release | read write dead release | read write dead \ release
—‘>‘,<—> 4—»

| |
|

| |
)ml I
I I

| |

[

|
|
) |
I
|
\

Address bus 3 :X 2 X Tsrgnrsggr 2 X dl:giiga%ion X \; x T'Srgﬂlecfgr 2 x destlnaftlon : ‘x
R | R : : 3
DMA control ldle | X7eadx Write] | Dead; | Idie )C ead)( write | | Dead | ' Idle

Channel Vﬁequesj Request clear period 3 equest 3 Request qlear period ; 3
Minimun of 2 cyéles | M|n|mun qf?&dles | | 1

[ - | [ - | | |

[ & [ [4] 8] [6] [7]

Acceptance resumes Acceptance resumes
[1] Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising edge of ¢,

and the request is held.

[2] [B] The request is cleared at the next bus break, and activation is started in the DMAC.

[3][6] Start of DMA cycle; DREQ pin high level sampling on the rising edge of ¢ starts.

[4][7] When the DREQ pin high level has been sampled, acceptance is resumed after the dead cycle
is completed.
(As in [1], the DREQ pin low level is sampled on the rising edge of ¢, and the request is held.)

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure 7.21 Example of DREQ Pin Falling Edge Activated Block Transfer Mode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next ¢ cycle after the
end of the DMABCR write cycle for setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pin is
possible, the request is held in the DMAC. Then, when activation is initiated in the DMAC, the
request is cleared, and DREQ pin high level sampling for edge detection is started. If DREQ pin
high level sampling has been completed by the time the DMA dead cycle ends, acceptance
resumes after the end of the dead cycle, DREQ pin low level sampling is performed again, and this
operation is repeated until the transfer ends.
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(6) DREQ Level Activation Timing (Normal Mode)
Set the DTA bit for the channel for which the DREQ pin is selected to 1.

Figure 7.22 shows an example of DREQ level activated normal mode transfer.

Bus DMA DMA Bus DMA DMA Bus
release read write release read write release
R e e e R S

| i |
|
| I |
I I I
i i i
I I I
\ \ Transfer Transfer \ Transfer Transfer
) source destination )). ) source destination
d
I
|
T
I
I

DMA control Idle | YRead) write 1 Y Idle ! )CRead)( Write | | Idle |

Channel ‘@equem& Request clear period ‘/Heque;\/( ' Request clear period

Minimum fof 2 cycles | Minimum of 2 cycles |
L =] - I =] - I
& @ [4] [5] [6] [7]
Acceptance resumes Acceptance resumes
[1] Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising

edge of ¢, and the request is held.
[2] [B] The request is cleared at the next bus break, and activation is started in the DMAC.
[3]1[6] The DMA cycle is started.
[4]1[7] Acceptance is resumed after the write cycle is completed.
(As in [1], the DREQ pin low level is sampled on the rising edge of ¢, and the request is held.)

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure 7.22 Example of DREQ Level Activated Normal Mode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next ¢ cycle after the
end of the DMABCR write cycle for setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pin is
possible, the request is held in the DMAC. Then, when activation is initiated in the DMAC, the
request is cleared. After the end of the write cycle, acceptance resumes, DREQ pin low level
sampling is performed again, and this operation is repeated until the transfer ends.
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Figure 7.23 shows an example of DREQ level activated block transfer mode transfer.

1 block transfer 1 block transfer
. ] -
| DMA DMA DMA Bus: DMA DMA DMA: Bus
Busrelease | read right dead release  read right  dead | release
S UL UL UL oL
! |
DREQ \ o/ L ! [

|
|
by L
|
|
\

i | ! ! 1 |
T ! I

I

| ‘ . \ ) |

T | | I A |

! I | i | I

! ) Transfer x Transfer 1 Transfer x Transfer x
Address bus ! X X source ‘ destination ! X ) X source destination |

T d | !

! | | | !

' I

T

I

|

I

L 5 | g 3
DMA control ide : YRead] writei ) Dead! | lIde )CRe‘ad)( Write | [ Dead | J | lIdle
| U X ;

“ w | | [ i
Y | ! | | |
‘;—K : ,—< '
Channel Jrequest\__, | Request clear perlod‘;Reques‘w N Request clear period ! _
- > ) .

- 3
[ & @ [41 51 [6] [7]

"\
Minimum of 2 cycles | Minimum of 2 cycles | |
‘ | ‘ - ‘ ‘
Acceptance resumes Acceptance resumes

[1] Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising
edge of ¢, and the request is held.
[2] [5] The request is cleared at the next bus break, and activation is started in the DMAC.
[3][6] The DMA cycle is started.
[4][7] Acceptance is resumed after the dead cycle is completed.
(As in [1], the DREQ pin low level is sampled on the rising edge of ¢, and the request is held.)

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure 7.23 Example of DREQ Level Activated Block Transfer Mode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next ¢ cycle after the
end of the DMABCR write cycle for setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pin is
possible, the request is held in the DMAC. Then, when activation is initiated in the DMAC, the
request is cleared. After the end of the dead cycle, acceptance resumes, DREQ pin low level
sampling is performed again, and this operation is repeated until the transfer ends.

7.5.10 DMAC Multi-Channel Operation

The DMAC channel priority order is: channel 0 > channel 1, and channel A > channel B.
Table 7.13 summarizes the priority order for DMAC channels.
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Table 7.13 DMAC Channel Priority Order

Short Address Mode Full Address Mode Priority
Channel 0A Channel 0 High
Channel 0B T
Channel 1A Channel 1

Channel 1B Low

If transfer requests are issued simultaneously for more than one channel, or if a transfer request for
another channel is issued during a transfer, when the bus is released the DMAC selects the
highest-priority channel from among those issuing a request according to the priority order shown
in table 7.13.

During burst transfer, or when one block is being transferred in block transfer, the channel will not
be changed until the end of the transfer.

Figure 7.24 shows a transfer example in which transfer requests are issued simultaneously for
channels OA, 0B, and 1.

DMA

DMA read DMA write DMA read DMA write read
| i - - -

Address bus X ;X K ;X:ii:x ;X E:':X K E

LWR

DMA control Idle [Read | Write! | Idle

/

Channel 0A ((Reqq‘est clear

) | !
! V V 1 ! :
Channel 0B | Request | Selection | F{equ‘est clear !
 hold | e (o / / (e
| | | N | | |
! ] T T T -
Channel 1 | Egl(qjuest ! sedon | ! Eg’lgueSt © Selection \Request clear
Bus Channel 0A Bus Channel 0B Bus Channel 1 transfer
release transfer release transfer release

Figure 7.24 Example of Multi-Channel Transfer
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7.5.11 Relation between the DMAC, External Bus Requests, and the DTC

There can be no break between a DMA cycle read and a DMA cycle write. This means that an
external bus release cycle, or DTC cycle is not generated between the external read and external
write in a DMA cycle.

In the case of successive read and write cycles, such as in burst transfer or block transfer, an
external bus released state may be inserted after a write cycle. Since the DTC has a lower priority
than the DMAC, the DTC does not operate until the DMAC releases the bus.

When DMA cycle reads or writes are accesses to on-chip memory or internal I/O registers, these
DMA cycles can be executed at the same time as external bus release. However, simultaneous
operation may not be possible when a write buffer is used.
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7.5.12  NMI Interrupts and DMAC

When an NMI interrupt is requested, burst mode transfer in full address mode is interrupted. An
NMI interrupt does not affect the operation of the DMAC in other modes.

In full address mode, transfer is enabled for a channel when both the DTE bit and the DTME bit
are set to 1. With burst mode setting, the DTME bit is cleared when an NMI interrupt is requested.

If the DTME bit is cleared during burst mode transfer, the DMAC discontinues transfer on
completion of the 1-byte or 1-word transfer in progress, then releases the bus, which passes to the
CPU.

The channel on which transfer was interrupted can be restarted by setting the DTME bit to 1 again.
Figure 7.25 shows the procedure for continuing transfer when it has been interrupted by an NMI
interrupt on a channel designated for burst mode transfer.

Resumption of [11 Check that DTE =1 and
transfer on interrupted DTME = 0 in DMABCRL

channel

[2] Write 1 to the DTME bit.

Set DTME bit to 1 [2]

C Transfercontinues) C Transfer ends )

Figure 7.25 Example of Procedure for Continuing Transfer on Channel Interrupted by
NMI Interrupt
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7.5.13 Forced Termination of DMAC Operation

If the DTE bit for the channel currently operating is cleared to 0, the DMAC stops on completion
of the 1-byte or 1-word transfer in progress. DMAC operation resumes when the DTE bit is set to
1 again.

In full address mode, the same applies to the DTME bit.

Figure 7.26 shows the procedure for forcibly terminating DMAC operation by software.

L [1] Clear the DTE bit in DMABCRL to 0.
Forced termination . .
of DMAC If you want to prevent interrupt generation after
forced termination of DMAC operation, clear the
DTIE bit to 0 at the same time.
Clear DTE bitto 0 1]

< Forced termination )

Figure 7.26 Example of Procedure for Forcibly Terminating DMAC Operation
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7.5.14  Clearing Full Address Mode

Figure 7.27 shows the procedure for releasing and initializing a channel designated for full address
mode. After full address mode has been cleared, the channel can be set to another transfer mode
using the appropriate setting procedure.

Clearing full [1] Clear both the DTE bit and the DTME bit in
address mode DMABCRL to 0; or wait until the transfer ends
and the DTE bit is cleared to 0, then clear the
DTME bit to 0.
Also clear the corresponding DTIE bit to 0 at the
Stop the channel [1] same time.
[2] Clear all bits in DMACRA and DMACRB to 0.
[3] Clear the FAE bitin DMABCRH to 0.
Initialize DMACR (2]
Clear FAE bit to 0 (3]

Y

Initialization;
operation halted

Figure 7.27 Example of Procedure for Clearing Full Address Mode
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7.6

Interrupts

The sources of interrupts generated by the DMAC are transfer end and transfer break. Table 7.14
shows the interrupt sources and their priority order.

Table 7.14 Interrupt Source Priority Order

Interrupt Source

Interrupt Interrupt
Name Short Address Mode Full Address Mode Priority Order
DENDOA Interrupt due to end of Interrupt due to end of High

transfer on channel OA transfer on channel 0 4
DENDOB Interrupt due to end of Interrupt due to break in

transfer on channel 0B transfer on channel 0
DEND1A Interrupt due to end of Interrupt due to end of

transfer on channel 1A transfer on channel 1
DEND1B Interrupt due to end of Interrupt due to break in

transfer on channel 1B transfer on channel 1 Low

Enabling or disabling of each interrupt source is set by means of the DTIE bit for the
corresponding channel in DMABCR, and interrupts from each source are sent to the interrupt
controller independently.

The relative priority of transfer end interrupts on each channel is decided by the interrupt
controller, as shown in table 7.14.

Figure 7.28 shows a block diagram of a transfer end/transfer break interrupt. An interrupt is
always generated when the DTIE bit is set to 1 while DTE bit is cleared to 0.

DTE/
DTME
Transfer end/transfer
break interrupt
DTIE

Figure 7.28 Block Diagram of Transfer End/Transfer Break Interrupt

In full address mode, a transfer break interrupt is generated when the DTME bit is cleared to o
while DTIEB bit is set to 1.

In both short address mode and full address mode, DMABCR should be set so as to prevent the
occurrence of a combination that constitutes a condition for interrupt generation during setting.
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7.7 Usage Notes
(1) DMAC Register Access during Operation

Except for forced termination, the operating (including transfer waiting state) channel setting
should not be changed. The operating channel setting should only be changed when transfer is
disabled.

Also, the DMAC register should not be written to in a DMA transfer.
DMAC register reads during operation (including the transfer waiting state) are described below.

(a) DMAC control starts one cycle before the bus cycle, with output of the internal address.
Consequently, MAR is updated in the bus cycle before DMAC transfer.

Figure 7.29 shows an example of the update timing for DMAC registers in dual address
transfer mode.

DMA transfer cycle : : DMA last transfer cycle
: . DMA
. . DMAread . DMAwrite . o ‘:‘ DMA read ._ DMA write . dead
DMA Internal : Transier X Transier X Transfer " Transfer : X :
address . source destlnatldn - source - . destingtion . . .

DMA control Idle X : Read | X . Write | X Idle : X - Read. X . Write! X . Dead. X : ldle

. . . . . . . . . . . . . .
DMA register 1 ) y . : l \ o / \ : :
operation @ : : \ m 7 \ (2] ! A 3] !

[1] Transfer source address register MAR operation (incremented/decremented/fixed)
Transfer counter ETCR operation (decremented)
Block size counter ETCR operation (decremented in block transfer mode)
[2] Transfer destination address register MAR operation (incremented/decremented/fixed)
[2'] Transfer destination address register MAR operation (incremented/decremented/fixed)
Block transfer counter ETCR operation (decremented, in last transfer cycle of
a block in block transfer mode)
[8] Transfer address register MAR restore operation (in block or repeat transfer mode)
Transfer counter ETCR restore (in repeat transfer mode
Block size counter ETCR restore (in block transfer mode)

Notes: 1. In single address transfer mode, the update timing is the same as [1].
2. The MAR operation is post-incrementing/decrementing of the DMA internal address value.

Figure 7.29 DMAC Register Update Timing
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(b) If a DMAC transfer cycle occurs immediately after a DMAC register read cycle, the DMAC
register is read as shown in figure 7.30.

CPUlongwordread ~ _: DMA transfer cycle
MAR upper MAR lower . .
. _wordread , wordread | DMAread , DMAwrite

S T 1 1 O O
DMA internal : X ' X " Transfe! “Transfer ;
address . . . source. destinatian .

DMA control L idle C X Read! f Twite: X ! oide !
DMA register : /T\ /_2\.
operation : - \L/

Note: The lower word of MAR is the updated value after the operation in [1].

Figure 7.30 Contention between DMAC Register Update and CPU Read
(2) Module Stop

When the MSTPA7 bit in MSTPCR s set to 1, the DMAC clock stops, and the module stop state
is entered. However, 1 cannot be written to the MSTPAT bit if any of the DMAC channels is
enabled. This setting should therefore be made when DMAC operation is stopped.

When the DMAC clock stops, DMAC register accesses can no longer be made. Since the
following DMAC register settings are valid even in the module stop state, they should be
invalidated, if necessary, before a module stop.

e Transfer end/suspend interrupt (DTE = 0 and DTIE = 1)
e TEND pin enable (TEE = 1)
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(3) Medium-Speed Mode

When the DTA bit is 0, internal interrupt signals specified as DMAC transfer sources are edge-
detected.

In medium-speed mode, the DMAC operates on a medium-speed clock, while on-chip supporting
modules operate on a high-speed clock. Consequently, if the period in which the relevant interrupt
source is cleared by the CPU, DTC, or another DMAC channel, and the next interrupt is
generated, is less than one state with respect to the DMAC clock (bus master clock), edge
detection may not be possible and the interrupt may be ignored.

Also, in medium-speed mode, DREQ pin sampling is performed on the rising edge of the medium-
speed clock.

(4) Activation by Falling Edge on DREQ Pin

DREQ pin falling edge detection is performed in synchronization with DMAC internal operations.
The operation is as follows:

[1] Activation request wait state: Waits for detection of a low level on the DREQ pin, and
switches to [2].
[2] Transfer wait state: Waits for DMAC data transfer to become possible, and switches to [3].

[3] Activation request disabled state: Waits for detection of a high level on the DREQ pin, and
switches to [1].

After DMAC transfer is enabled, a transition is made to [1]. Thus, initial activation after transfer is
enabled is performed by detection of a low level.

(5) Activation Source Acceptance

At the start of activation source acceptance, a low level is detected in both DREQ pin falling edge
sensing and low level sensing. Similarly, in the case of an internal interrupt, the interrupt request is
detected. Therefore, a request is accepted from an internal interrupt or DREQ pin low level that
occurs before execution of the DMABCRL write to enable transfer.

When the DMAC is activated, take any necessary steps to prevent an internal interrupt or DREQ
pin low level remaining from the end of the previous transfer, etc.
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(6) Internal Interrupt after End of Transfer

When the DTE bit is cleared to 0 by the end of transfer or an abort, the selected internal interrupt
request will be sent to the CPU or DTC even if DTA is set to 1.

Also, if internal DMAC activation has already been initiated when operation is aborted, the
transfer is executed but flag clearing is not performed for the selected internal interrupt even if
DTA s setto 1.

An internal interrupt request following the end of transfer or an abort should be handled by the
CPU as necessary.

(7) Channel Re-Setting

To reactivate a number of channels when multiple channels are enabled, use exclusive handling of
transfer end interrupts, and perform DMABCR control bit operations exclusively.

Note, in particular, that in cases where multiple interrupts are generated between reading and
writing of DMABCR, and a DMABCR operation is performed during new interrupt handling, the
DMABCR write data in the original interrupt handling routine will be incorrect, and the write may
invalidate the results of the operations by the multiple interrupts. Ensure that overlapping
DMABCR operations are not performed by multiple interrupts, and that there is no separation
between read and write operations by the use of a bit-manipulation instruction.

Also, when the DTE and DTME bits are cleared by the DMAC or are written with 0, they must
first be read while cleared to O before the CPU can write a 1 to them.
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Section 8 Data Transfer Controller (DTC)

8.1 Overview

The H8S/2214 Group includes a data transfer controller (DTC). The DTC can be activated by an
interrupt or software, to transfer data.

8.1.1 Features
The features of the DTC are:

e Transfer possible over any number of channels

— Transfer information is stored in memory

— One activation source can trigger a number of data transfers (chain transfer)
e Wide range of transfer modes

— Normal, repeat, and block transfer modes available

— Incrementing, decrementing, and fixing of source and destination addresses can be selected
e Direct specification of 16-Mbyte address space possible

— 24-bit transfer source and destination addresses can be specified
e Transfer can be set in byte or word units
e A CPU interrupt can be requested for the interrupt that activated the DTC

— An interrupt request can be issued to the CPU after one data transfer ends

— An interrupt request can be issued to the CPU after the specified data transfers have
completely ended

e Activation by software is possible
e Module stop mode can be set

— The initial setting enables DTC registers to be accessed. DTC operation is halted by setting
module stop mode.
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8.1.2 Block Diagram
Figure 8.1 shows a block diagram of the DTC.

The DTC’s register information is stored in the on-chip RAM™. A 32-bit bus connects the DTC to
the on-chip RAM (1 kbyte), enabling 32-bit/1-state reading and writing of the DTC register
information.

Note: * When the DTC is used, the RAME bit in SYSCR must be set to 1.

Internal address bus

‘ ‘ On-chip
Interrupt controller  DTC RAM
c
o
o o ]
<z 5 5
Interrupt oC oy Wi | = 2
request)'—“oO > D ° 2 EE @ =
PRl = c <|m|Q|v )
a0l 88 | § | 2EE 5
a 23| O | [<lo|lo >
88 < o
o =
'_
O )
CPU interrupt Internal data bus
request
Legend:

MRA, MRB: DTC mode registers A and B

CRA, CRB: DTC transfer count registers A and B
SAR: DTC source address register

DAR: DTC destination address register
DTCERA to DTCERF,

DTCERI: DTC enable registers Ato F and |
DTVECR: DTC vector register

Figure 8.1 Block Diagram of DTC
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8.1.3 Register Configuration
Table 8.1 summarizes the DTC registers.

Table 8.1 DTC Registers

Name Abbreviation R/W Initial Value  Address™

DTC mode register A MRA —*  Undefined s

DTC mode register B MRB —*  Undefined —*

DTC source address register SAR —*  Undefined —*

DTC destination address register ~ DAR —*  Undefined —*

DTC transfer count register A CRA —*  Undefined s

DTC transfer count register B CRB —*  Undefined —*

DTC enable registers DTCER R/W  H'00 H'FF16 to H'FE1B,
H'FE1E

DTC vector register DTVECR R/W  H'00 H'FE1F

Module stop control register A MSTPCRA R/W  H'3F H'FDES8

Notes: 1. Lower 16 bits of the address.
2. Registers within the DTC cannot be read or written to directly.

3. Register information is located in on-chip RAM addresses H'EBCO to H'EFBF. It cannot
be located in external memory space. When the DTC is used, do not clear the RAME
bit in SYSCR to 0.
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8.2 Register Descriptions

8.2.1 DTC Mode Register A (MRA)

Bit : 7 6 5 4 3 2 1 0
| SMA1 | SMO0 | DM1 | DMO | MD1 | MDO | DTS | Sz ‘
Initial value : Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-

fined fined fined fined fined fined fined fined
R/W : — — — — — — — —

MRA is an 8-bit register that controls the DTC operating mode.

Bits 7 and 6—Source Address Mode 1 and 0 (SM1, SM0): These bits specify whether SAR is
to be incremented, decremented, or left fixed after a data transfer.

Bit7 Bit 6
SM1 SMo Description
0 — SAR is fixed
1 0 SAR is incremented after a transfer
(by +1 when Sz = 0; by +2 when Sz = 1)
1 SAR is decremented after a transfer

(by —1 when Sz = 0; by —2 when Sz = 1)

Bits 5 and 4—Destination Address Mode 1 and 0 (DM1, DMO0): These bits specify whether
DAR is to be incremented, decremented, or left fixed after a data transfer.

Bit5 Bit 4
DM1 DMO Description
0 — DAR is fixed
1 0 DAR is incremented after a transfer
(by +1 when Sz = 0; by +2 when Sz = 1)
1 DAR is decremented after a transfer

(by —1 when Sz = 0; by —2 when Sz = 1)
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Bits 3 and 2—DTC Mode (MD1, MDO0): These bits specify the DTC transfer mode.

Bit 3 Bit 2

MD1 MDO Description

0 0 Normal mode
1 Repeat mode

1 0 Block transfer mode
1 —

Bit 1—DTC Transfer Mode Select (DTS): Specifies whether the source side or the destination
side is set to be a repeat area or block area, in repeat mode or block transfer mode.

Bit 1

DTS Description

0 Destination side is repeat area or block area
1 Source side is repeat area or block area

Bit 0—DTC Data Transfer Size (Sz): Specifies the size of data to be transferred.

Bit 0

Sz Description

0 Byte-size transfer
1 Word-size transfer
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8.2.2 DTC Mode Register B (MRB)

Bit : 7 6 5 4 3 2 1 0
| CHNE | DISEL| — | — | — | — | — | — |
Initial value: Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined
R/W : — — — — — — — —

MRB is an 8-bit register that controls the DTC operating mode.

Bit 7—DTC Chain Transfer Enable (CHNE): Specifies chain transfer. With chain transfer, a
number of data transfers can be performed consecutively in response to a single transfer request.

In data transfer with CHNE set to 1, determination of the end of the specified number of transfers,
clearing of the interrupt source flag, and clearing of DTCER is not performed.

Bit 7

CHNE Description

0 End of DTC data transfer (activation waiting state is entered)

1 DTC chain transfer (new register information is read, then data is transferred)

Bit 6—DTC Interrupt Select (DISEL): Specifies whether interrupt requests to the CPU are
disabled or enabled after a data transfer.

Bit 6

DISEL Description

0 After a data transfer ends, the CPU interrupt is disabled unless the transfer counter is
0 (the DTC clears the interrupt source flag of the activating interrupt to 0)

1 After a data transfer ends, the CPU interrupt is enabled (the DTC does not clear the

interrupt source flag of the activating interrupt to 0)

Bits 5 to 0—Reserved: These bits have no effect on DTC operation in the H8S/2214 Group, and
should always be written with 0.
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8.2.3 DTC Source Address Register (SAR)

Bit 23 22 21 20 19 --- 4 3 2 1 0

Initial value:  Unde- Unde- Unde-Unde-Unde- - Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined

rRw @ - = - - — --- —_ = = = -

SAR is a 24-bit register that designates the source address of data to be transferred by the DTC.
For word-size transfer, specify an even source address.

8.2.4 DTC Destination Address Register (DAR)

Bit 23 22 21 20 19 --- 4 3 2 1 0

Initial value : Unde- Unde-Unde-Unde- Unde- --- Unde- Unde-Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined

R/W = = = = = --- _ = = = —

DAR is a 24-bit register that designates the destination address of data to be transferred by the
DTC. For word-size transfer, specify an even destination address.
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8.2.5 DTC Transfer Count Register A (CRA)

Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0]

Initial value:  Unde- Unde- Unde-Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined

R/W . - - —_— —_— —_— —_ —_ — —_— —_— —_— J— J— J— —_— —_—

CRA is a 16-bit register that designates the number of times data is to be transferred by the DTC.

In normal mode, the entire CRA functions as a 16-bit transfer counter (1 to 65536). It is
decremented by 1 every time data is transferred, and transfer ends when the count reaches H'0000.

In repeat mode or block transfer mode, CRA is divided into two parts: the upper 8 bits (CRAH)
and the lower 8 bits (CRAL). In repeat mode, CRAH holds the transfer count and CRAL functions
as an 8-bit transfer counter (1 to 256). In block transfer mode, CRAH holds the block size and
functions as an 8-bit block size counter (1 to 256). CRAL is decremented by 1 every time data is
transferred and when the counter value becomes H'00 the contents of CRAH are transferred. This
operation is repeated.

8.2.6 DTC Transfer Count Register B (CRB)

Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value:  Unde- Unde-Unde- Unde- Unde- Unde-Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined

RW @@ — — — — — — — — — — — — — — — —

CRB is a 16-bit register that designates the number of times data is to be transferred by the DTC in
block transfer mode. It functions as a 16-bit transfer counter (1 to 65536) that is decremented by 1
every time data is transferred, and transfer ends when the count reaches H'0000.
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8.2.7 DTC Enable Register (DTCER)

Bit : 7 6 5 4 3 2 1 0

| DTCE7 | DTCE6| DTCE5 | DTCE4 | DTCE3 | DTCE2 | DTCEH1 | DTCEO ‘
Initial value: 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

The DTC enable registers comprise seven 8-bit readable/writable registers, DTCERA to
DTCERG, with bits corresponding to the interrupt sources that can control enabling and disabling
of DTC activation. These bits enable or disable DTC service for the corresponding interrupt
sources.

The DTC enable registers are initialized to H'00 by a reset and in hardware standby mode.

Bit n—DTC Activation Enable (DTCEn)

Bit n

DTCEn Description

0 DTC activation by this interrupt is disabled (Initial value)
[Clearing conditions]
e When the DISEL bit is 1 and the data transfer has ended
o When the specified number of transfers have ended

1 DTC activation by this interrupt is enabled

[Holding condition]
e When the DISEL bit is 0 and the specified number of transfers have not ended
(n=7100)

A DTCE bit can be set for each interrupt source that can activate the DTC. The correspondence
between interrupt sources and DTCE bits is shown in table 8.4, together with the vector number
generated for each interrupt controller.

For DTCE bit setting, use bit manipulation instructions such as BSET and BCLR for reading and
writing. If all interrupts are masked, multiple activation sources can be set at one time by writing
data after executing a dummy read on the relevant register.
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8.2.8 DTC Vector Register (DTVECR)

Bit : 7 6 5 4 3 2 1 0

| SWDTE | DTVEC6| DTVE05| DTVEC4| DTVEC3 | DTVEC2 | DTVEC1 |DTVECO‘
Initial value: 0 0 0 0 0 0 0 0
R/W : R(MW)™ R/W*2 RW*2 R/W'2  RW*2  R/W*2 RW*2 R/W*2

Notes: 1. Only 1 can be written to the SWDTE bit.
2. Bits DTVECS6 to DTVECO can be written to when SWDTE = 0.

DTVECR is an 8-bit readable/writable register that enables or disables DTC activation by
software, and sets a vector number for the software activation interrupt.

DTVECR is initialized to H'0O by a reset and in hardware standby mode.

Bit 7—DTC Software Activation Enable (SWDTE): Enables or disables DTC activation by
software.

Bit 7

SWDTE Description

0 DTC software activation is disabled (Initial value)
[Clearing conditions]
e When the DISEL bit is 0 and the specified number of transfers have not ended
e When 0 is written to the DISEL bit after a software-activated data transfer end

interrupt (SWDTEND) request has been sent to the CPU
1 DTC software activation is enabled

[Holding conditions]

e When the DISEL bit is 1 and data transfer has ended
¢ When the specified number of transfers have ended
e During data transfer due to software activation

Bits 6 to 0—DTC Software Activation Vectors 6 to 0 (DTVEC6 to DTVECO0): These bits
specify a vector number for DTC software activation.

The vector address is expressed as H'0400 + ((vector number) << 1). <<1 indicates a one-bit left-
shift. For example, when DTVEC6 to DTVECO = H'10, the vector address is H'0420.
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8.2.9 Module Stop Control Register A (MSTPCRA)

Bit .7 6 5 4 3 2 1 0

| MSTPA7 | MSTPAG| MSTPAS | MSTPA4 | MSTPA3 | MSTPA2| MSTPA1| MSTPAO|
Initial value : 0 0 1 1 1 1 1 1
RW . RW RW RW RW RW RW  RW RW

MSTPCRA is an 8-bit readable/writable register that performs module stop mode control.

When the MSTPAG bit in MSTPCRA is set to 1, the DTC operation stops at the end of the bus
cycle and a transition is made to module stop mode. However, 1 cannot be written in the MSTPA6
bit while the DTC is operating. For details, see section 17.5, Module Stop Mode.

MSTPCRA is initialized to H'3F by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 6—Module Stop (MSTPAG6): Specifies the DTC module stop mode.

Bit 6

MSTPA6 Description

0 DTC module stop mode cleared (Initial value)
1 DTC module stop mode set
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8.3 Operation

8.3.1 Overview

When activated, the DTC reads register information that is already stored in memory and transfers
data on the basis of that register information. After the data transfer, it writes updated register
information back to memory. Pre-storage of register information in memory makes it possible to
transfer data over any required number of channels. Setting the CHNE bit to 1 makes it possible to
perform a number of transfers with a single activation.

Figure 8.2 shows a flowchart of DTC operation.

Read DTC vector

Next transfer

v

Read register information

Y

Data transfer

1

Write register information

No

Transfer Counter = 0
or DISEL =1

Yes

Y
Clear an activation flag Clear DTCER

Interrupt exception %
handling

Note: * See the section on the corresponding peripheral module for details
on the content of the processing required for interrupt handling.

Figure 8.2 Flowchart of DTC Operation
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The DTC transfer mode can be normal mode, repeat mode, or block transfer mode.

The 24-bit SAR designates the DTC transfer source address and the 24-bit DAR designates the
transfer destination address. After each transfer, SAR and DAR are independently incremented,
decremented, or left fixed.

Table 8.2 outlines the functions of the DTC.

Table 8.2 DTC Functions

Address Registers

Transfer Transfer

Transfer Mode Activation Source Source Destination
e Normal mode ¢ IRQ 24 bits 24 bits
— One transfer request transfers one e TPUTGI
byte or one word e 8-bit timer CMI

— Memory addresses are incremented e SCITXlor RXI

or decremented by 1 or 2 e A/D converter ADI
— Up to 65,536 transfers possible e Software
o Repeat mode

— One transfer request transfers one
byte or one word

— Memory addresses are incremented
or decremented by 1 or 2

— After the specified number of
transfers (1 to 256), the initial state
resumes and operation continues

e Block transfer mode
— One transfer request transfers a block
of the specified size

— Block size is from 1 to 256 bytes or
words

— Up to 65,536 transfers possible

— A block area can be designated at
either the source or destination
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8.3.2 Activation Sources

The DTC operates when activated by an interrupt or by a write to DTVECR by software. An
interrupt request can be directed to the CPU or DTC, as designated by the corresponding DTCER
bit. An interrupt becomes a DTC activation source when the corresponding bit is set to 1, and a
CPU interrupt source when the bit is cleared to 0.

At the end of a data transfer (or the last consecutive transfer in the case of chain transfer), the
activation source or corresponding DTCER bit is cleared. Table 8.3 shows activation source and
DTCER clearance. The activation source flag, in the case of RXIO, for example, is the RDRF flag
of SCIO.

Since there are multiple factors that can initiate DTC operation, the flag that initiated the transfer
is not cleared after the last byte (or word) is transferred. The corresponding interrupt handler must
perform the required processing.

Table 8.3  Activation Source and DTCER Clearance

When the DISEL Bit Is 0 and When the DISEL Bit Is 1, or when
the Specified Number of the Specified Number of Transfers
Activation Source Transfers Have Not Ended Have Ended

Software activation The SWDTE bit is cleared to 0 The SWDTE bit remains set to 1
An interrupt is issued to the CPU

Interrupt activation  The corresponding DTCER bit The corresponding DTCER bit is cleared

remains set to 1 to 0
The activation source flag is The activation source flag remains set to 1
cleared to O A request is issued to the CPU for the

activation source interrupt

Figure 8.3 shows a block diagram of activation source control. For details see section 5, Interrupt
Controller.
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Source flag cleared
Clear
controller
Clear
i
DTCER
Clear request
Select
Y Y
On-chip |
supporting = o DTC
3
module °
S
. -] C
IRQ interrupt 1.8
Interrupt ©
(9]
request o) -
DTVECR D w={ Interrupt controller CPU

Interrupt mask

Figure 8.3 Block Diagram of DTC Activation Source Control

When an interrupt has been designated a DTC activation source, existing CPU mask level and
interrupt controller priorities have no effect. If there is more than one activation source at the same
time, the DTC operates in accordance with the default priorities.

8.3.3 DTC Vector Table
Figure 8.4 shows the correspondence between DTC vector addresses and register information.

Table 8.4 shows the correspondence between activation and vector addresses. When the DTC is
activated by software, the vector address is obtained from: H'0400 + (DTVECR[6:0] << 1) (where
<< 1 indicates a 1-bit left shift). For example, if DTVECR is H'10, the vector address is H'0420.

The DTC reads the start address of the register information from the vector address set for each
activation source, and then reads the register information from that start address. The register
information can be placed at predetermined addresses in the on-chip RAM. The start address of
the register information should be an integral multiple of four.

The configuration of the vector address is the same in both normal™ and advanced modes, a 2-byte
unit being used in both cases. These two bytes specify the lower bits of the address in the on-chip
RAM.

Note: * Not available in the H8S/2214 Group.
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Table 8.4  Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEs

Origin of
Interrupt Vector Vector
Interrupt Source Source Number Address DTCE* Priority
Write to DTVECR Software DTVECR H'0400+ — High
(DTVECR 4
[6:0]
<<1)
IRQO External pin 16 H'0420 DTCEA7
IRQ1 17 H'0422 DTCEA6
IRQ2 18 H'0424 DTCEA5
IRQ3 19 H'0426 DTCEA4
IRQ4 20 H'0428 DTCEA3
IRQ5 21 H'042A DTCEA2
IRQ6 22 H'042C DTCEA1
IRQ7 23 H'042E DTCEAO
TGIOA (GROA compare match/ TPU 32 H'0440 DTCEB5
input capture) channel 0
TGIOB (GROB compare match/ 33 H'0442 DTCEB4
input capture)
TGIOC (GROC compare match/ 34 H'0444 DTCEB3
input capture)
TGIOD (GROD compare match/ 35 H'0446 DTCEB2
input capture)
TGHA (GR1A compare match/ TPU 40 H'0450 DTCEBH1
input capture) channel 1
TGI1B (GR1B compare match/ 41 H'0452 DTCEBO
input capture)
TGI2A (GR2A compare match/ TPU 44 H'0458 DTCEC7
input capture) channel 2
TGI2B (GR2B compare match/ 45 H'045A DTCEC®6
input capture) Low
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Origin of

Interrupt Vector Vector
Interrupt Source Source Number Address DTCE" Priority
DENDOA (channel 0/channel 0A DMAC 72 H'0490 DTCEE7 High
transfer end) 4
DENDOB (channel 0B transfer end) 73 H'0492 DTCEE®6
DEND1A (channel 1/channel 1A 74 H'0494 DTCEE5
transfer end)
DEND1B (channel 1B transfer end) 75 H'0496 DTCEE4
RXI0 (reception complete 0) SCI 81 H'04A2 DTCEES
TXIO (transmit data empty 0) channel 0 82 H04A4  DTCEE2
RXI1 (reception complete 1) SCI 85 H'04AA DTCEE1
TXI1 (transmit data empty 1) channel 1 86 HO4AC  DTCEEO
RXI2 (reception complete 2) SCI 89 H'04B2 DTCEF7
TXI2 (transmit data empty 2) channel 2 90 H04B4  DTCEF6
EXIRQO External 104 H'04D0 DTCEG7
EXIRQ1 module 105 H04D2  DTCEG6
EXIRQ2 106 H'04D4 DTCEG5
EXIRQ3 107 H'04D6 DTCEG4
EXIRQ4 108 H'04D8 DTCEGS
EXIRQ5 109 H'04DA DTCEG2
EXIRQ6 110 H'04DC DTCEG1
EXIRQ7 111 H'04DE DTCEGO Low

Note: * DTCE bits with no corresponding interrupt are reserved, and should be written with 0.
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M N
DTC vector Register information/_>Re Ister informationﬁ
address start address 9

.

Chain transfer
~N_ ~N_

Figure 8.4 Correspondence between DTC Vector Address and Register Information

8.34 Location of Register Information in Address Space
Figure 8.5 shows how the register information should be located in the address space.

Locate the MRA, SAR, MRB, DAR, CRA, and CRB registers, in that order, from the start address
of the register information (contents of the vector address). In the case of chain transfer, register
information should be located in consecutive areas.

Locate the register information in the on-chip RAM (addresses: HFFEBCO to H'FFEFBF).

Lower address

. 0 1 2 3
Register T T
information — ™| MRA SAR
start address . . .
MRB DAR Register information
Chain CRA CRB
transfer | MRA SAR
Register information
MRB DAR for 2nd transfer in
chain transfer
CRA CRB
N 4 bytes -

T

Figure 8.5 Location of Register Information in Address Space

Rev.4.00 Sep. 18,2008 Page 268 of 872
REJ09B0189-0400
RENESAS



Section 8 Data Transfer Controller (DTC)

8.3.5 Normal Mode
In normal mode, one operation transfers one byte or one word of data.

From 1 to 65,536 transfers can be specified. Once the specified number of transfers have ended, a
CPU interrupt can be requested.

Table 8.5 lists the register information in normal mode and figure 8.6 shows memory mapping in
normal mode.

Table 8.5 Register Information in Normal Mode

Name Abbreviation Function
DTC source address register SAR Designates source address
DTC destination address register DAR Designates destination address
DTC transfer count register A CRA Designates transfer count
DTC transfer count register B CRB Not used

N M

SAR —» E— <— DAR
Transfer

~N  — d ~

Figure 8.6 Memory Mapping in Normal Mode
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8.3.6

Repeat Mode

In repeat mode, one operation transfers one byte or one word of data.

From 1 to 256 transfers can be specified. Once the specified number of transfers have ended, the
initial state of the transfer counter and the address register specified as the repeat area is restored,
and transfer is repeated. In repeat mode the transfer counter value does not reach H'00, and
therefore CPU interrupts cannot be requested when DISEL = 0.

Table 8.6 lists the register information in repeat mode and figure 8.7 shows memory mapping in

repeat mode.

Table 8.6  Register Information in Repeat Mode
Name Abbreviation Function
DTC source address register SAR Designates source address
DTC destination address register DAR Designates destination address
DTC transfer count register AH CRAH Holds number of transfers
DTC transfer count register AL CRAL Designates transfer count
DTC transfer count register B CRB Not used
M M
SAR or DAR or
DAR ™ Repeat area <:> -— 3AR
Transfer
~N_ @ ~N_ @

Figure 8.7 Memory Mapping in Repeat Mode

Rev.4.00 Sep. 18,2008 Page 270 of 872
REJ09B0189-0400

RENESAS




Section 8 Data Transfer Controller (DTC)

8.3.7 Block Transfer Mode

In block transfer mode, one operation transfers one block of data. Either the transfer source or the
transfer destination is designated as a block area.

The block size is 1 to 256. When the transfer of one block ends, the initial state of the block size
counter and the address register specified as the block area is restored. The other address register
is then incremented, decremented, or left fixed.

From 1 to 65,536 transfers can be specified. Once the specified number of transfers have ended, a
CPU interrupt is requested.

Table 8.7 lists the register information in block transfer mode and figure 8.8 shows memory
mapping in block transfer mode.

Table 8.7 Register Information in Block Transfer Mode

Name Abbreviation Function

DTC source address register SAR Designates source address
DTC destination address register DAR Designates destination address
DTC transfer count register AH CRAH Holds block size

DTC transfer count register AL CRAL Designates block size count
DTC transfer count register B CRB Transfer count
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H First block

I m
SAR or B N B
DAR —™ Block area

- -1 Transfer [~

B 7] ~N_ @

Nth block
Y
J\

DAR or
* SAR

Figure 8.8 Memory Mapping in Block Transfer Mode
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8.3.8 Chain Transfer

Setting the CHNE bit to 1 enables a number of data transfers to be performed consectutively in
response to a single transfer request. SAR, DAR, CRA, CRB, MRA, and MRB, which define data
transfers, can be set independently.

Figure 8.9 shows the memory map for chain transfer. The DTC reads the start address for the
register information from the DTC vector address corresponding to the DTC activation factor.
After the data transfer completes, the CHNE bit in this register is tested, and if it is 1, the next
register information allocated sequentially is read and a transfer is performed. This operation
continues until a data transfer for register information whose CHNE bit is 0 completes.

T~
Source
T~ T~
. ' ' ) Destination
Register information
CHNE =1
DTC vector Register information
address start address [
Register information
CHNE =0
r Source
L\ o
I Destination
/\_/

Figure 8.9 Chain Transfer Memory Map

In the case of transfer with CHNE set to 1, an interrupt request to the CPU is not generated at the
end of the specified number of transfers or by setting of the DISEL bit to 1, and the interrupt
source flag for the activation source is not affected.
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8.3.9 Operation Timing

Figures 8.10 to 8.12 show an example of DTC operation timing.

; JUuyguryryuyyuyyL
DTC activation \

request /

DTC J \—
request

Data transfer

Vector read

B T
- O OOk 00
-y -

Transfer Transfer
information read information write

Figure 8.10 DTC Operation Timing (Example in Normal Mode or Repeat Mode)

0 JUuyuyguuuududduyuyL
DTC activation
request / \

DTC request / \

Data transfer

Vector read

-~
s O OO0 0

- -
Transfer Transfer
information read information write

Figure 8.11 DTC Operation Timing (Example of Block Transfer Mode,
with Block Size of 2)
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0 Juuydiuvruyudiriyu gyt

DTC activation
request / \
DTC
request J L
Data transfer Data transfer
Vector read - = - =
Address
Transfer Transfer Transfer Transfer
information information information information
read write read write

Figure 8.12 DTC Operation Timing (Example of Chain Transfer)

8.3.10 Number of DTC Execution States

Table 8.8 lists execution statuses for a single DTC data transfer, and table 8.9 shows the number of
states required for each execution status.

Table 8.8 DTC Execution Statuses

Register Information Internal
Vector Read Read/Write Data Read Data Write Operations
Mode | J K L M
Normal 1 6 1 1 3
Repeat 1 6 1 1 3
Block transfer 1 6 N N 3

N: Block size (initial setting of CRAH and CRAL)
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Table 8.9 Number of States Required for Each Execution Status

On- On-
Chip Chip On-Chip I/O
Object to be Accessed RAM ROM Registers External Devices
Bus width 32 16 8 16 8 16
Access states 1 1 2 2 2 3 2 3
Execution Vector read S — 1 — — 4 6+2m 2 3+m
status Register S, 1 — — — — — — —
information
read/write
Byte data read S, 1 1 2 2 2 3+m 2 3+m
Word dataread S, 1 1 4 2 4 6+2m 2 3+m
Byte data write S, 1 1 2 2 2 3+m 2 3+m
Word data write S 1 1 4 2 4 6+2m 2 3+m
Internal operation S, 1

m: Number of wait states in external device access

The number of execution states is calculated from the formula below. Note that  means the sum
of all transfers activated by one activation event (the number in which the CHNE bit is set to 1,
plus 1).

Number of execution states =1-S,+Z(J-S,+ K-S, +L-S)+M-S,

For example, when the DTC vector address table is located in on-chip ROM, normal mode is set,
and data is transferred from the on-chip ROM to an internal I/O register, the time required for the
DTC operation is 13 states. The time from activation to the end of the data write is 10 states.
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8.3.11 Procedures for Using DTC

(1) Activation by Interrupt

The procedure for using the DTC with interrupt activation is as follows:

[1] Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.
[2] Set the start address of the register information in the DTC vector address.

[3] Set the corresponding bit in DTCER to 1.

[4] Set the enable bits for the interrupt sources to be used as the activation sources to 1. The DTC
is activated when an interrupt used as an activation source is generated.

[5] After the end of one data transfer, or after the specified number of data transfers have ended,
the DTCE bit is cleared to 0 and a CPU interrupt is requested. If the DTC is to continue
transferring data, set the DTCE bit to 1.

(2) Activation by Software

The procedure for using the DTC with software activation is as follows:

[1] Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.
[2] Set the start address of the register information in the DTC vector address.

[3] Check that the SWDTE bit is O.

[4] Write 1 to SWDTE bit and the vector number to DTVECR.

[5] Check the vector number written to DTVECR.

[6] After the end of one data transfer, if the DISEL bit is 0 and a CPU interrupt is not requested,
the SWDTE bit is cleared to 0. If the DTC is to continue transferring data, set the SWDTE bit
to 1. When the DISEL bit is 1, or after the specified number of data transfers have ended, the
SWDTE bit is held at 1 and a CPU interrupt is requested.
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8.3.12 Examples of Use of the DTC
(1) Normal Mode
An example is shown in which the DTC is used to receive 128 bytes of data via the SCI.

[1] Set MRA to fixed source address (SM1 = SMO = 0), incrementing destination address (DM1 =
1, DMO = 0), normal mode (MD1 = MDO = 0), and byte size (Sz = 0). The DTS bit can have
any value. Set MRB for one data transfer by one interrupt (CHNE = 0, DISEL = 0). Set the
SCI RDR address in SAR, the start address of the RAM area where the data will be received in
DAR, and 128 (H'0080) in CRA. CRB can be set to any value.

[2] Set the start address of the register information at the DTC vector address.
[3] Set the corresponding bit in DTCER to 1.

[4] Set the SCI to the appropriate receive mode. Set the RIE bit in SCR to 1 to enable the reception
complete (RXI) interrupt. Since the generation of a receive error during the SCI reception
operation will disable subsequent reception, the CPU should be enabled to accept receive error
interrupts.

[5] Each time reception of one byte of data ends on the SCI, the RDRF flag in SSR is set to 1, an
RXT interrupt is generated, and the DTC is activated. The receive data is transferred from RDR
to RAM by the DTC. DAR is incremented and CRA is decremented. The RDREF flag is
automatically cleared to O.

[6] When CRA becomes 0 after the 128 data transfers have ended, the RDRF flag is held at 1, the
DTCE bit is cleared to 0, and an RXT interrupt request is sent to the CPU. The interrupt
handling routine should perform wrap-up processing.

Rev.4.00 Sep. 18,2008 Page 278 of 872
REJ09B0189-0400

RENESAS



Section 8 Data Transfer Controller (DTC)

(2) Software Activation

An example is shown in which the DTC is used to transfer a block of 128 bytes of data by means
of software activation. The transfer source address is H'1000 and the destination address is
H'2000. The vector number is H'60, so the vector address is H'04CO.

[1] Set MRA to incrementing source address (SM1 = 1, SMO = 0), incrementing destination
address (DM1 = 1, DMO = 0), block transfer mode (MD1 = 1, MDO = 0), and byte size (Sz =
0). The DTS bit can have any value. Set MRB for one block transfer by one interrupt (CHNE =
0). Set the transfer source address (H'1000) in SAR, the destination address (H'2000) in DAR,
and 128 (H'8080) in CRA. Set 1 (H'0001) in CRB.

[2] Set the start address of the register information at the DTC vector address (H'04CO0).

[3] Check that the SWDTE bit in DTVECR is 0. Check that there is currently no transfer activated
by software.

[4] Write 1 to the SWDTE bit and the vector number (H'60) to DTVECR. The write data is H'EO.

[5] Read DTVECR again and check that it is set to the vector number (H'60). If it is not, this
indicates that the write failed. This is presumably because an interrupt occurred between steps
3 and 4 and led to a different software activation. To activate this transfer, go back to step 3.

[6] If the write was successful, the DTC is activated and a block of 128 bytes of data is transferred.

[7] After the transfer, an SWDTEND interrupt occurs. The interrupt handling routine should clear
the SWDTE bit to 0 and perform other wrap-up processing.
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8.4 Interrupts

An interrupt request is issued to the CPU when the DTC finishes the specified number of data
transfers, or a data transfer for which the DISEL bit was set to 1. In the case of interrupt activation,
the interrupt set as the activation source is generated. These interrupts to the CPU are subject to
CPU mask level and interrupt controller priority level control.

In the case of activation by software, a software activated data transfer end interrupt (SWDTEND)
is generated.

When the DISEL bit is 1 and one data transfer has ended, or the specified number of transfers
have ended, after data transfer ends, the SWDTE bit is held at 1 and an SWDTEND interrupt is
generated. The interrupt handling routine should clear the SWDTE bit to 0.

When the DTC is activated by software, an SWDTEND interrupt is not generated during a data
transfer wait or during data transfer even if the SWDTE bit is set to 1.

8.5 Usage Notes
(1) Module Stop

When the MSTPAG bit in MSTPCRA is set to 1, the DTC clock stops, and the DTC enters the
module stop state. However, 1 cannot be written in the MSTPAG bit while the DTC is operating.
See section 17, Power-Down Modes, for details.

(2) On-Chip RAM

The MRA, MRB, SAR, DAR, CRA, and CRB registers are all located in on-chip RAM. When the
DTC is used, the RAME bit in SYSCR must not be cleared to 0.

(3) DMAC Transfer End Interrupt

When DTC transfer is activated by a DMAC transfer end interrupt, the DMAC's DTE bit is not
subject to DTC control, regardless of the transfer counter and DISEL bit, and the write data has
priority. Consequently, an interrupt request is not sent to the CPU when the DTC transfer counter
reaches 0.

(4) DTCE Bit Setting

For DTCE bit setting, use bit manipulation instructions such as BSET and BCLR. If all interrupts
are masked, multiple activation sources can be set at one time by writing data after executing a
dummy read on the relevant register.
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Section 9 1/0 Ports

9.1 Overview

The H8S/2214 Group has ten I/O ports (ports 1, 3, 7, and A to G), and two input-only ports (ports
4 and 9).

Table 9.1 summarizes the port functions. The pins of each port also have other functions.

Each port includes a data direction register (DDR) that controls input/output (not provided for the
input-only ports), a data register (DR) that stores output data, and a port register (PORT) used to
read the pin states.

Ports A to E have an on-chip MOS input pull-up function, and in addition to DR and DDR, have a
MOS input pull-up control register (PCR) to control the on/off status of the MOS input pull-ups.

Ports 3 and A include an open-drain control register (ODR) that controls the on/off status of the
output buffer PMOS.

All the ports can drive a single TTL load and 30 pF capacitive load.
The IRQ pins and external expansion interrupt input pins are Schmitt-triggered inputs.

Block diagrams of each port are shown in appendix C, I/O Port Block Diagrams.
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Table 9.1 H8S/2214 Group Port Functions
Port Description Pins Modes 4 and 5 Mode 6 Mode 7
Port 1 |e 8-bit I/O port |P17/TIOCB2/TCLKD |8-bit I/O port also functioning as TPU 1/O pins (TCLKA,
* Schmitt- P16/T|OCA2/W TCLKB, TCLKC, TCLKD, T|OCAO, TlOCBO, TlOCCO,
; TIOCDO, TIOCAT1, TIOCB1, TIOCA2, TIOCB2), and external
triggered ’ s P ’ ’
noat (RaT, | T SMIOCBITCLKC inierrupt input (IRQO, IRQ)
TRQO) " |P14/TIOCA1/IRQO
P13/TIOCDO/TCLKB/ |8-bit I/O port also functioning as DMAC
A23 output pins (DACKO, DACK1), TPU I/O
P12/TIOCCO/TCLKA/ pins (TCLKA, TCLKB, T|OCAO,
A22 TIOCBO, TIOCCO, TIOCDO), and
P11/TIOCBO/A21 address output (A20 to A23)
P10/TIOCAOQ/A20
Port 3 |e 7-bit I/O port |P36/EXIRQ7 7-bit 1/0 port also functioning as SCI (channel 0 and 1) I/O
« Open-drain P35/SCK1/RQ5 pins (TxDO, RxD0, SCKO, TxD1, RxD1, SCK1) and interrupt
output P34/RxD1 input (IRQ4, IRQ5), and external extended interrupt input
capability (EXIRQ7)
Schmitt P33/TxD1
¢ Schmitt- S
triggered P32/SCKO0/IRQ4
input (IRQ5, |P31/RxDO
IRQ4, P30/TxD0
EXIRQ7)
Port 4 |« 8-bit input P47/EXIRQ6 8-bit input port also functioning as external extended
port P46/EXIRQ5 interrupt input pins (EXIRQ6 to EXIRQO)
o SChmItt-d P45
triggere NN
input P44/EXIRQ4
(EXIRQ6, to | P43/EXIRQ3
EXIRQO) P42/EXIRQ2
P41/EXIRQ1
P40/EXIRQO
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Port Description Pins Modes 4 and 5 Mode 6 Mode 7
Port 7 |e 8-bit I/O port |P77 8-bit I/O port also functioning as DMAC | 8-bit I/O port also
I/0 pins (DREQO, TENDO, DREQT1, functioning as
P76/EXMSTP = AL
TENDH1), bus control output pins (CS4 DMAC 1/O pins
P75/EXMS to CS7), the manual reset input pin (DREQO, TENDO,
P74/MRES/EXDTCE | (MRES), and external module output DREQ1, TEND1),
__ pins (EXMSTP, EXMS, EXDTCE) the manual reset
P73/TEND1/CS7 input pins
P72/TENDO/CS6 (MRES), and
P71/DREQ1/CS5 external module
R output pin
EXDTCE)
Port 9 |e 1-bit input P96/DA0 1-bit input port also functioning as D/A analog output pin
port (D/A0)
Port A | 4-bit I/O port |PA3/A19/SCK2 1/0 port also functioning as SCI 1/O port also
+ On-chip PA2/A18/RxD2 (channel 2) I/O pins (TxD2, RxD2, functioning as SCI
MOS input SCK2) and address output (A16 to A19) |(channel 2) I/O
oull-up P PA1/A17/TxD2 pins (TxD2, RxD2,
] PAO/A16 SCK2)
* Open-drain
output
capability
Port B | 8-bit I/O port |PB7/A15 1/0 port also functioning as address 1/0 port
« On-chip PB6/A14 output (A8 to A15)
MOSinput  |pBg/A13
pull-up PB4/A12
PB3/A11
PB2/A10
PB1/A9
PBO0/A8
Port C | 8-bit I/O port |PC7/A7 to PCO/AQ Address output When DDR = 0: 1/0 port
« On-chip (A0 to A7) Input port
MOS input When DDR = 1:
pull-up Address output
Port D | 8-bit /O port |PD7/D15 to PD0/D8 |Data bus input/output 1/0 port
* On-chip
MOS input
pull-up
Port E | 8-bit I/O port |PE7/D7 to PEO/DO 8-bit bus mode: 1/0O port 1/0 port
* On-chip 16-bit bus mode: Data bus input/output
MOS input
pull-up
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Port Description Pins Modes 4 and 5 Mode 6 Mode 7
Port F | 8-bit I/O port |PF7/¢$ When DDR = 0: Input port When DDR =0
* Schmitt- When DDR = 1 (after reset): ¢ output (after reset): Input
triggered port
input (IRQS, When DDR = 1: ¢
IRQ2) output
PF6/AS AS, RD, HWR output I/O port
PF5/RD
PF4/HWR
PF3/LWR/IRQ3 16-bit bus mode: LWR output 1/0 port also
8-bit bus mode: I/0O port also functlonlqg as
functioning as interrupt input pin (IRQ3) ;T;eQrgJ)pt input pin
PF2/WAIT When WAITE = 0 (after reset): /0O port | 1/O port
When WAITE = 1: WAIT input
PF1/BACK When BRLE = 0 (after reset): I/0O port 1/0 port
When BRLE = 1: BACK output
PFO/BREQ/IRQ2 When BRLE = 0 (after reset): I/0O port I/0 port also
also functioning as interrupt input pin functioning as
(IRQ2) interrupt input pin
When BRLE = 1: BREQ input also (IRQ2)
functioning as interrupt input pin (IRQ2)
Port G |* 5-bit I/O port |PG4/CS0 When DDR = 0*': Input port 1/O port also
« Schmitt- When DDR = 1** €S0 output functioning as
triggered interrupt input pins
input (IRQ7 PG3/CS1 When DDR = 0 (after reset): Input port | (IRQ6, IRQ7)
IRpQ6) ’ PG2/CS2 aII;%;unctioning as interrupt input pin
PG1/CS3/IRQ7 ( )
When DDR = 1: Interrupt input pin
(IRQ7) also functions as CS1, CS2,
CS3 output
PGO0/IRQ6
Notes: 1. After a mode 6 reset

2. After a mode 4 or 5 reset
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9.2 Port 1

9.2.1 Overview

Port 1 is an 8-bit I/O port. Port 1 pins also function as TPU 1/O pins (TCLKA, TCLKB, TCLKC,
TCLKD, TIOCAO, TIOCBO0, TIOCCO, TIOCDO, TIOCA1, TIOCB1, TIOCA2, and TIOCB2),
external interrupt pins (IRQO and IRQ1), and address bus output pins (A23 to A20). Port 1 pin
functions depend on the operating mode.

The interrupt input pins (IRQO and IRQ1) are Schmitt-triggered inputs.

Figure 9.1 shows the port 1 pin configuration.

Port 1 pins: Pin functions in modes 4 to 6

~— P17 (input/output)/TIOCB2 (input/output)/TCLKD (input)

— P16 (input/output)/TIOCA2 (input/output)/IRQT (input)

~+—> P15 (input/output)/TIOCB1 (input/output)/TCLKC (input)
Port1 |=— P14 (input/output)/TIOCA1 (input/output)/IRQO (input)
~+—>» P13 (input/output)/TIOCDO (input/output)/TCLKB (input)/A23 (output)
~—> P12 (input/output)/TIOCCO (input/output)/TCLKA (input)/A22 (output)
~—» P11 (input/output)/TIOCBO (input/output)/A21(output)
)

~— P10 (input/output)/TIOCAO (input/output)/A20(output)

Pin functions in mode 7

P17 (input/output) /TIOCB2 (input/output)/TCLKD (input)
P16 (input/output) /TIOCA2 (input/output)/IRQ1 (input)
P15 (input/output)/TIOCB1 (input/output)/TCLKC (input)
P14 (input/output)/TIOCA1 (input/output)/IRQO (input)
P13 (input/output) /TIOCDO (input/output)/TCLKB (input)
P12 (input/output) /TIOCCO (input/output)/TCLKA (input)
P11 (input/output) /TIOCBO (input/output)

P10 (input/output) /TIOCAO (input/output)

Figure 9.1 Port 1 Pin Functions
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9.2.2 Register Configuration
Table 9.2 shows the port 1 register configuration.

Table 9.2  Port 1 Registers

Name Abbreviation R/W Initial Value  Address™
Port 1 data direction register P1DDR W H'00 H'FE30
Port 1 data register P1DR R/W H'00 H'FF00
Port 1 register PORT1 R Undefined H'FFBO

Note: * Lower 16 bits of the address.

(1) Port 1 Data Direction Register (P1IDDR)

Bit : 7 6 5 4 3 2 1 0
|P17DDR| P16DDR| P15DDR| P14DDR| P13DDR|P12DDR | P11 DDR| P10DDR‘

Initial value : 0 0 0 0 0 0 0 0

R/W : W W w W W w W W

P1DDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 1. PIDDR cannot be read; if it is, an undefined value will be read.

Setting a PIDDR bit to 1 makes the corresponding port 1 pin an output pin, while clearing the bit
to 0, makes that pin an input pin. Since this register is a write-only register, do not use bit
manipulation instructions to write to this register. See section 2.10.4, Access Methods for
Registers with Write-Only Bits.

P1DDR is initialized to H'00 by a power-on reset and in hardware standby mode. It retains its
previous state after a manual reset and in software standby mode. As the TPU is initialized by a
manual reset, the pin states in this case are determined by the PIDDR and P1DR specifications.

The OPE bit in SBYCR is used to select whether the address output pins retain their output state
or become high-impedance when a transition is made to software standby mode.

(a) Modes 4, 5, and 6
If address output is enabled by the setting of bits AE3 to AEQO in PFCR, pins P13 to P10 are
address outputs. Pins P17 to P14, and pins P13 to P10 when address output is disabled, are
output ports when the corresponding P1IDDR bits are set to 1, and input ports when the
corresponding PIDDR bits are cleared to 0.
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(b) Mode 7
Setting a PIDDR bit to 1 makes the corresponding port 1 pin an output port, while clearing the
bit to 0 makes the pin an input port.

(2) Port 1 Data Register (P1DR)

Bit : 7 6 5 4 3 2 1 0
P17DR | P16DR | P15DR | P14DR | P13DR | P12DR | P11DR | P10DR

Initial value : 0 0 0 0 0 0 0 0

R/W : RW R/W R/W R/W R/W R/W R/W R/W

P1DR is an 8-bit readable/writable register that stores output data for the port 1 pins (P17 to P10).

P1DR is initialized to H'00 by a power-on reset and in hardware standby mode. It retains its
previous state after a manual reset and in software standby mode.

(3) Port 1 Register (PORT1)

Bit : 7 6 5 4 3 2 1 0
P17 P16 P15 P14 P13 P12 P11 P10

Initial value :  —* —* —* —* —* —* —* —*

R/W : R R R R R R R R

Note: * Determined by the state of pins P17 to P10.

PORTT1 is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port 1 pins (P17 to P10) must always be performed on P1DR.

If a port 1 read is performed while PIDDR bits are set to 1, the PIDR values are read. If a port 1
read is performed while PIDDR bits are cleared to 0, the pin states are read.

After a power-on reset and in hardware standby mode, PORT1 contents are determined by the pin
states, as PIDDR and P1DR are initialized. PORTT retains its previous state after a manual reset
and in software standby mode.
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9.2.3

Pin Functions

Port 1 pins also function as TPU I/O pins (TCLKA, TCLKB, TCLKC, TCLKD, TIOCAQO,
TIOCBO, TIOCCO, TIOCDO, TIOCAL1, TIOCB1, TIOCA2, and TIOCB2), external interrupt input
pins IRQO and IRQ1), and address output pins (A23 to A20). Port 1 pin functions are shown in

table 9.3.

Table 9.3

Pin

Port 1 Pin Functions

Pin Functions and Selection Method

P17/
TIOCB2/
TCLKD

The pin function is switched as shown below according to the combination of the TPU
channel 2 settings (bits MD3 to MDO in TMDR?2, bits IOB3 to IOB0 in TIOR2, and bits
CCLR1 and CCLRO in TCR2), bits TPSC2 to TPSCO0 in TCRO and TCR5, and bit

P17DDR.
TPU channel 2 (1) (2)
settings in table below in table below
P17DDR — 0 1
Pin function TIOCB2 output P17 input P17 output
TIOCB2 input™'
TCLKD input™
Notes: 1. TIOCB2 input when MD3 to MDO = B'0000 or B'01xx and I0OB3 = 1.
2. TCLKD input when the setting for either TCRO or TCR5 is: TPSC2 to
TPSCO =B'111.
Also, TCLKD input when channels 2 and 4 are set to phase counting
mode.
TPU channel 2
settings 2) (1 (2) (2 (1) )
MD3 to MDO B'0000, B'01xx B'0010 B'0011
IOB3 to IOBO B'0000 |B'0001 to B'0011| — B'xx00 | Other than B'xx00
B'0100 |B'0101 to B'0111
B'1xxx
CCLR1, CCLRO — — — — Other than B'10
B'10
Output function — | Output compare| — — |PWMmode2| —
output output
x: Don’t care
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Pin Pin Functions and Selection Method

P16/ The pin function is switched as shown below according to the combination of the TPU
TIOCA2/  channel 2 settings (bits MD3 to MDO in TMDR?2, bits IOA3 to IOAQ in TIOR2, and bits
IRQ1 CCLR1 and CCLRO in TCR2) and bit P16DDR.

TPU channel 2 (1) (2)
settings in table below in table below
P16DDR — 0 1
Pin function TIOCA2 output P16 input P16 output
TIOCAZ2 input™'
IRQT input™
TPU channel 2 (2) (1) 2 (1) (1) 2)
settings
MD3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
IOA3 to IOA0 B'0000 |B'0001 to B'0011| B'xx00 | Other Other than B'xx00
B'0100 |[B'0101 to B'0111 than
B'1xxx B'xx00
CCLR1, CCLRO — — — — Other than B'01
B'01
Output function — |Output compare| — PWM [PWM mode2| —
output mode 1 output
output™®
x: Don’t care

Notes: 1.

TIOCAZ2 input when MD3 to MDO = B'0000 or B'01xx and IOA3 = 1.

2. When used as an external interrupt pin, do not use for another function.
3. Output is disabled for TIOCB2.
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Pin Pin Functions and Selection Method

P15/ The pin function is switched as shown below according to the combination of the TPU

TIOCB1/  channel 1 settings (bits MD3 to MDO in TMDR1, bits IOB3 to IOB0 in TIOR1, and bits

TCLKC CCLR1 and CCLRO0 in TCR1), bits TPSC2 to TPSCO0 in TCRO, TCR2, TCR4, and
TCR5, and bit P15DDR.

TPU channel 1 (1) (2)

settings in table below in table below

P15DDR — 0 1

Pin function TIOCB1 output P15 input P15 output
TIOCB1 input™'

TCLKC input™

Notes: 1. TIOCB1 input when MD3 to MDO = B'0000 or B'01xx and I0B3 to IOB0 =
B'10xx.
2. TCLKC input when the setting for either TCRO or TCR2 is: TPSC2 to
TPSCO = B'110, or the setting for either TCR4 or TCR5 is: TPSC2 to

TPSCO = B'101.
Also, TCLKC input when channels 2 and 4 are set to phase counting
mode.
TPU channel 1 @) (1) 2 2) (1) 2)
settings
MD3 to MDO B'0000, B'01xx B'0010 B'0011
I0B3 to IOBO B'0000 |B'0001 to B'0011| — B'xx00 | Other than B'xx00
B'0100 |B'0101 to B'0111
B'1xxx
CCLR1, CCLRO — — — — Other than B'10
B'10
Output function — | Output compare| — — |PWMmode2| —
output output
x: Don’t care

Rev.4.00 Sep. 18,2008 Page 290 of 872
REJ09B0189-0400

RENESAS




Section 9

1/0 Ports

Pin

Pin Functions and Selection Method

P14/
TIOCA1/
IRQO

The pin function is switched as shown below according to the combination of the TPU
channel 1 settings (bits MD3 to MDO in TMDR1, bits IOA3 to IOAQ in TIOR1, and bits
CCLR1 and CCLRO in TCR1) and bit P14DDR.

TPU channel 1 (1) (2)
settings in table below in table below
P14DDR — 0 1
Pin function TIOCAT1 output P14 input P14 output
TIOCAT1 input™'
TRQO input™
TPU channel 1 (2) (1) 2 (1) (1) 2)
settings
MDS3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
IOA3 to IOA0 B'0000 |B'0001 to B'0011| B'xx00 | Other Other than B'xx00
B'0100 |B'0101 to B'0111 than
B'1xxx B'xx00
CCLR1, CCLRO — — — — Other than B'01
B'01
Output function — |Output compare| — PWM [PWM mode2| —
output mode 1 output
output™®
x: Don’t care

Notes: 1.

TIOCAT1 input when MD3 to MDO = B'0000 or B'01xx and IOA3 to IOA0=
B'10xx.

2. When used as an external interrupt pin, do not use for another function

3. Output is disabled for TIOCB1.
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Pin

Pin Functions and Selection Method

P13/
TIOCDO/
TCLKB/
A23

The pin function is switched as shown below according to the combination of the

operating mode, the TPU channel 0 settings (bits MD3 to MDO in TMDRO, bits IOD3 to
IODO in TIOROL, and bits CCLR2 to CCLRO in TCRO), bits TPSC2 to TPSCO0 in TCRO
to TCR2, bits AE3 to AEO in PFCR, and bit P13DDR.

Operating mode Modes 4, 5, 6 Mode 7
AES to AEO Other than B'1111 B'1111 —
TPU channel 0 (1) (2) — (1) (2)
settings in table below |in table below in table below |in table below
P13DDR — 0 1 — — 0 1
Pin function TIOCDO P13 | P13 | — TIOCDO P13 | P13
output input |output output input |output
TIOCDO — TIOCDO
input™ input™
TCLKB input™* A23 TCLKB input™*
output

Notes: 1.

TIOCDO input when MD3 to MDO = B'0000 and 10D3 to I0DO0 = B'10xx.

2. TCLKB input when the setting for any of TCRO to TCR2 is: TPSC2 to
TPSCO =B'101.

Also, TCLKB input when channels 1 and 5 are set to phase counting

mode.
TPU channel 0 @) (1) 2 2) (1) 2)
settings
MDS3 to MDO B'0000 B'0010 B'0011
I0DS3 to IODO B'0000 |B'0001 to B'0011| — B'xx00 | Other than B'xx00
B'0100 |B'0101 to B'0111
B'1xxx
CCLR2to CCLRO — — — — Otherthan | B'110
B'110
Output function — | Output compare| — — |PWMmode2| —
output output
x: Don’t care
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Pin Pin Functions and Selection Method

P12/ The pin function is switched as shown below according to the combination of the
TIOCCO/  operating mode, the TPU channel 0 settings (bits MD3 to MDO in TMDRO, bits IOC3 to
TCLKA/ IOCO in TIOROL, and bits CCLR2 to CCLRO in TCRO), bits TPSC2 to TPSCO0 in TCRO
A22 to TCR5, bits AE3 to AEO in PFCR, and bit P12DDR.

Operating mode Modes 4, 5, 6 Mode 7
AES to AEO Other than B'1111 B'1111 —
TPU channel 0 (1) (2) — (1) (2)
settings in table below |in table below in table below |in table below
P12DDR — 0 1 — — 0 1
Pin function TIOCCO P12 | P12 — TIOCCO P12 | P12
output input |output output input |output
TIOCCO — TIOCCO
input™ input™
TCLKA input™* A22 TCLKA input™*
output
TPU channel 0 (2) (1) 2 (1) (1) 2)
settings
MD3 to MDO B'0000 B'001x | B'0010 B'0011
I0C3 to I0CO B'0000 |B'0001 to B'0011| B'xx00 | Other Other than B'xx00
B'0100 |B'0101 to B'0111 than
B'1xxx B'xx00
CCLR2to CCLRO — — — — Other than | B'101
B'101
Output function — | Output compare| — PWM [PWMmode2| —
output mode 1 output
output™
x: Don’t care

Notes: 1. TIOCCO input when MD3 to MDO = B'0000 and IOC3 to I0CO = B'10xx.

2. TCLKA input when the setting for any of TCRO to TCR5 is: TPSC2 to
TPSCO = B'100.

Also, TCLKA input when channels 1 and 5 are set to phase counting
mode.

3. Output is disabled for TIOCDO.
When BFA =1 or BFB = 1 in TMDRO, output is disabled and the settings in
(2) apply.
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Pin Pin Functions and Selection Method
P11/ The pin function is switched as shown below according to the combination of the
TIOCBO/  operating mode, the TPU channel 0 settings (bits MD3 to MDO in TMDRO and bits
A21 IOB3 to IOBO in TIOROH), bits AE3 to AEO in PFCR, and bit P11DDR.

Operating mode Modes 4, 5, 6

AES to AEO B'0000 to B'1101 B'1110to B'1111

TPU channel0 (1) in table below (2) in table below —

settings

P11DDR — 0 1 —

Pin function TIOCBO output P11 input | P11 output A21 output

TIOCBO input™'

Operating mode Mode 7

AE3 to AEO —

TPU channel0 (1) in table below (2) in table below

settings

P11DDR — 0 1

Pin function TIOCBO output P11 input P11 output

TIOCBO input™

Note: 1. TIOCBO input when MD3 to MDO = B'0000 and IOB3 to IOBO = B'10xx.

TPU channel 0 (2) (1) (2) (2) (1) (2)
settings
MDS3 to MDO B'0000 B'0010 B'0011
IOB3 to IOBO B'0000 |B'0001 to B'0011| — B'xx00 Other than
B'0100 |B'0101 to B'0111 B'xx00
B'1xxx
CCLR2to CCLRO — — — — Other |B'010
than
B'010
Output function — | Output compare| — — PWM —
output mode 2
output
x: Don’t care
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Pin

Pin Functions and Selection Method

P10/
TIOCAO/
A20

The pin function is switched as shown below according to the combination of the
operating mode, the TPU channel 0 settings (bits MD3 to MDO in TMDRO, bits IOA3 to
IOAQ in TIOROH, and bits CCLR2 to CCLRO in TCRO), bits AE3 to AEO in PFCR, and

bit P10DDR.
Operating mode Modes 4, 5, 6
AES to AEO B'0000 to B'1100 B'1101 to B'1111
TPU channel0 (1) in table below (2) in table below —
settings
P10DDR — 0 1 —
Pin function TIOCAO output P10 input P10 output A20 output

TIOCAO input™

Notes: 1.

2. Output is disabled for TIOCBO.

Operating mode Mode 7
AE3 to AEO —
TPU channel0  |(1) in table below (2) in table below
settings
P10DDR — 0 1
Pin function TIOCAO output P10 input P10 output
TIOCAO input™'
TPU channel 0 (2) (1) 2) (1) (1) 2)
settings
MD3 to MDO B'0000 B'001x | B'0010 B'0011
IOA3 to IOA0 B'0000 |B'0001 to B'0011 | B'xx00 | Other | Other than B'xx00
B'0100 |B'0101 to B'0111 than
B'1xxx B'xx00
CCLR2to CCLRO — — — — Other than | B'001
B'001
Output function — Output compare — PWM |PWM mode 2| —
output mode 1 output
output™
x: Don’t care

TIOCAOQ input when MD3 to MDO = B'0000 and I0A3 to IOA0 = B'10xx.
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9.3 Port 3

9.3.1 Overview

Port 3 is a 7-bit I/O port. Port 3 pins also function as SCI I/O pins (TxDO0, RxD0, SCKO, TxDl1,
RxD1, and SCK1), external interrupt input pins (IRQ4 and IRQS5), and an external expansion
interrupt input pin (EXIRQ?7). Port 3 pin functions are the same in all operating modes.

The interrupt input pins (IRQ4 and IRQS5) and the external expansion interrupt input pin
(EXIRQ7) are Schmitt-triggered inputs.

Figure 9.2 shows the port 3 pin configuration.

Port 3 pins

l«—» P36 (input/output)/EXIRQ7 (input)

~—= P35 (input/output)/SCK1 (input/output)/IRQ5 (input)
~+—* P34 (input/output)/RxD1 (input)

Port 3 [=— P33 (input/output)/TxD1 (output)

~—* P32 (input/output)/SCKO(input/output)/IRQ4 (input)

~+—> P31 (input/output)/RxDO (input)

~+—> P30 (input/output)/TxDO (output)

Figure 9.2 Port 3 Pin Functions
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9.3.2 Register Configuration
Table 9.4 shows the port 3 register configuration.

Table 9.4  Port 3 Registers

Name Abbreviation R/W Initial Value™ Address™
Port 3 data direction register P3DDR w H'00 H'FE32
Port 3 data register P3DR R/W H'00 H'FF02
Port 3 register PORT3 R H'00 H'FFB2
Port 3 open-drain control register P30ODR R/W H'00 H'FE46
Interrupt request input pin select register 0 IPINTSELO R/W H'00 H'FE4A

Notes: 1. Lower 16 bits of the address.
2. Value of bits 6 to 0.

(1) Port 3 Data Direction Register (P3DDR)

Bit : 7 6 5 4 3 2 1 0

| — | P36DDR| P35DDR| P34DDR| P33DDR|P32DDR | P31 DDR| P30DDR|
Initial value : Undefined 0 0 0 0 0 0 0
R/W : — W w w W w w w

P3DDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 3. P3BDDR cannot be read; if it is, an undefined value will be returned. Bit 7 is
reserved; this bit cannot be modified and will return an undefined value if read.

Setting a P3DDR bit to 1 makes the corresponding port 3 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

Since this register is a write-only register, do not use bit manipulation instructions to write to this
register. See section 2.10.4, Access Methods for Registers with Write-Only Bits.

P3DDR is initialized to H'00 by a power-on reset and in hardware standby mode. It retains its
previous state after a manual reset and in software standby mode. As the SCI is initialized by a
manual reset, the pin states in this case are determined by the P3DDR and P3DR specifications.
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(2) Port 3 Data Register (P3DR)

Bit : 7 6 5 4 3 2 1 0

— P36DR | P35DR | P34DR | P33DR | P32DR | P31DR | P30DR
Initial value : Undefined 0 0 0 0 0 0 0
R/W : — R/W R/W R/W R/W R/W R/W R/W

P3DR is an 8-bit readable/writable register that stores output data for the port 3 pins (P36 to P30).
Bit 7 is reserved; this bit cannot be modified and will return an undefined value if read.

P3DR is initialized to H'00 by a power-on reset and in hardware standby mode. It retains its
previous state after a manual reset and in software standby mode.

(3) Port 3 Register (PORT3)

Bit : 7 6 5 4 3 2 1 0
— P36 P35 P34 P33 P32 P31 P30

Initial value : Undefined — —* —* —* —* —* —* —*

R/W : — R R R R R R R

Note: * Determined by the state of pins P36 to P30.

PORT3 is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port 3 pins (P36 to P30) must always be performed on P3DR. Bit 7 is reserved;
this bit cannot be modified and will return an undefined value if read.

If a port 3 read is performed while P3ADDR bits are set to 1, the P3DR values are read. If a port 3
read is performed while P3DDR bits are cleared to 0, the pin states are read.

After a power-on reset and in hardware standby mode, PORT3 contents are determined by the pin
states, as P3DDR and P3DR are initialized. PORT3 retains its previous state after a manual reset
and in software standby mode.
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(4) Port 3 Open-Drain Control Register (P30DR)

Bit : 7 6 5 4 3 2 1 0

| — | P360DR| P350DR| P34ODR|P330DR|P320DR|P31ODR|P300DR|
Initial value : Undefined 0 0 0 0 0 0 0
R/W : — R/W R/W R/W R/W R/W R/W R/W

P30ODR is an 8-bit readable/writable register that controls the PMOS on/off status for each port 3
pin (P36 to P30). Bit 7 is reserved; this bit cannot be modified and will return an undefined value
if read.

Setting a P3ODR bit to 1 makes the corresponding port 3 pin an NMOS open-drain output pin,
while clearing the bit to 0 makes the pin a CMOS output pin.

P3ODR is initialized to H'00 by a power-on reset and in hardware standby mode. It retains its
previous state after a manual reset and in software standby mode.

(5) Interrupt Request Input Pin Select Register 0 (IPINSEL0)

Bit S ¢ 6 5 4 3 2 1 0
P36 P47 P46 P44 P43 P42 P41 P40
IRQ7E | IRQ6E | IRQSE | IRQ4E | IRQ3E | IRQ2E | IRQIE | IRQOE
Initial value : 0 0 0 0 0 0 0 0
RW : RW RW R/W R/W R/W R/W RIW RIW

IPINSELO is an 8-bit readable/writable register that selects which pins are to be used for interrupt
request input signals (EXIRQO to EXIRQ7) from externally connected modules. IPINSELO is
initialized to H'00 by a power-on reset and in hardware standby mode. It retains its previous state
in a manual reset and in software standby mode.

Bit 7—Enable of EXIRQ7 Input from P36 (P36IRQ7E): Selects whether or not P36 is used as
the EXIRQ7 input pin.

Bit7

P36IRQ7E Description

0 P36 is not used as EXIRQ7 input (Initial value)
1 P36 is used as EXIRQ7 input
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Bit 6—Enable of EXIRQ6 Input from P47 (P47IRQ6E): Selects whether or not P47 is used as
the EXIRQ6 input pin.

Bit 6

P47I1RQ6E Description

0 P47 is not used as EXIRQ6 input (Initial value)
1 P47 is used as EXIRQG input

Bit 5— Enable of EXIRQS5 Input from P46 (P46IRQS5E): Selects whether or not P46 is used as
the EXIRQS input pin.

Bit5

P46IRQ5E Description

0 P46 is not used as EXIRQS5 input (Initial value)
1 P46 is used as EXIRQ5 input

Bit 4—Enable of EXIRQ4 Input from P44 (P44IRQ4E): Selects whether or not P44 is used as
the EXIRQ4 input pin.

Bit 4

P44IRQ4E Description

0 P44 is not used as EXIRQ4 input (Initial value)
1 P44 is used as EXIRQ4 input

Bit 3—Enable of EXIRQ3 Input from P43 (P43IRQ3E): Selects whether or not P43 is used as
the EXIRQ3 input pin.

Bit 3

P43IRQ3E Description

0 P43 is not used as EXIRQS input (Initial value)
1 P43 is used as EXIRQ3 input
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Bit 2—Enable of EXIRQ2 Input from P42 (P42IRQ2E): Selects whether or not P42 is used as
the EXIRQ?2 input pin.

Bit 2

P42IRQ2E Description

0 P42 is not used as EXIRQ2 input (Initial value)
1 P42 is used as EXIRQ2 input

Bit 1—Enable of EXIRQI Input from P41 (P41IRQ1E): Selects whether or not P41 is used as
the EXIRQ1 input pin.

Bit 1

P41IRQ1E Description

0 P41 is not used as EXIRQ1 input (Initial value)
1 P41 is used as EXIRQT input

Bit 0—Enable of EXIRQO Input from P40 (P40IRQOE): Selects whether or not P40 is used as
the EXIRQO input pin.

Bit 0

P40IRQOE Description

0 P40 is not used as EXIRQO input (Initial value)
1 P40 is used as EXIRQO input
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9.3.3 Pin Functions

Port 3 pins also function as SCI I/O pins (TxD0, RxD0, SCKO, TxD1, RxD1, and SCK1), interrupt
input pins (IRQ4 and IRQ5), and an external expansion interrupt input pin (EXIRQ?7). Port 3 pin
functions are shown in table 9.5.

Table 9.5 Port 3 Pin Functions

Pin Pin Functions and Selection Method
P36 The pin function is switched as shown below according to the combinations of the
P36DDR bit and bit P36IRQ7E in IPINSELQ.
P36IRQ7E 0 1
P36DDR 0 1 —
Pin function P36 input P36 output® | EXIRQY input

Note: * NMOS open-drain output when P360DR = 1.

P35/SCK1/ The pin function is switched as shown below according to the combination of bit C/A in

RQ5 SMR of SCI1, bits CKEO and CKE1 in SCR, and bit P35DDR.
CKE1 0 1
C/A 0 1 —
CKEO 0 1 — —
P35DDR 0 1 — — —
Pin function | P35input | P35 output™ |SCK1 output™|SCK1 output™'| SCK1 input
IRQ5 input**

Notes: 1. NMOS open-drain output when P350DR = 1.
2. When used as an external interrupt pin, do not use for another function.

P34/RxD1 The pin function is switched as shown below according to the combination of bit RE in
SCR of SCI1 and bit P34DDR.

RE 0 1
P34DDR 0 1 —
Pin function P34 input P34 output™ RxD1 input

Note: * NMOS open-drain output when P340DR = 1.
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Pin

Pin Functions and Selection Method

P33/TxD1

The pin function is switched as shown below according to the combination of bit TE in
SCR of SCI1 and bit P33DDR.

TE

1

P33DDR

0

1

Pin function

P33 input

P33 output™

TxD1 output™

Note: * NMOS open-drain output when P330DR = 1.

P32/SCKO0/ The pin function is switched as shown below according to the combination of bit C/A in

IRQ4 SMR of SCI0, bits CKEO and CKE1 in SCR, and bit P32DDR.
CKE1 0 1
C/A 0 1 _
CKEO 0 1 — —
P32DDR 0 1 — — —
Pin function P32 input | P32 output™ SCKO SCKO SCKO input
output™ output™
IRQ4 input™*
Notes: 1. NMOS open-drain output when P320DR = 1.
2. When used as an external interrupt pin, do not use for another function.
P31/RxD0 The pin function is switched as shown below according to the combination of bit RE in
SCR of SCI0 and bit P31DDR.
RE 0 1
P31DDR 0 1 —
Pin function P31 input P31 output™ RxDO input
Note: * NMOS open-drain output when P310DR = 1.
P30/TxD0O The pin function is switched as shown below according to the combination of bit TE in

SCR of SCI0 and bit P30DDR.

TE

1

P30DDR

0

1

Pin function

P30 input

P30 output™

TxDO output™

Note: * NMOS open-drain output when P300DR = 1.
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94 Port 4

9.4.1 Overview

Port 4 is an 8-bit input-only port. Port 4 pins also function as external expansion interrupt input
pins (EXIRQ6 to EXIRQO). Port 4 pin functions are the same in all operating modes. Figure 9.3

shows the port 4 pin configuration.

Port 4 pins

~—— P45 (input)

Port 4

~—— P47 (input)/EXIRQS6 (input)
~—— P46 (input)/EXIRQ5 (input)

~—— P44 (input)/EXIRQ4 (input)
~—— P43 (input)/EXIRQS3 (input)
~+—— P42 (input)/EXIRQ2 (input)
—— P41 (input)/EXIRQT (input)
~—— P40 (input)/EXIRQO (input)

Figure 9.3 Port 4 Pin Functions

94.2 Register Configuration

Table 9.6 shows the port 4 register configuration. Port 4 is an input-only register, and does not

have a data direction register or data register.

Table 9.6  Port 4 Registers

Name Abbreviation R/W Initial Value  Address”™
Port 4 register PORT4 R Undefined H'FFB3
Interrupt request input pin select register 0 IPINSELO R/W H'00 H'FE4A

Note: * Lower 16 bits of the address.
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(1) Port 4 Register (PORT4)

Bit : 7 6 5 4 3 2 1 0

| P47 | P46 | P45 | P44 | P43 | P42 | P41 | P40 |
Initial value : — —* — —k — . - %
R/W : R R R R R R R R

Note: * Determined by the state of pins P47 to P40.

PORT4 is an 8-bit read-only register. The pin states are always read when a port 4 read is
performed. This register cannot be written to.

(2) Interrupt Request Input Pin Select Register 0 (IPINSELO)

Bit : 7 6 5 4 3 2 1 0
P36 P47 P46 P44 P43 P42 P41 P40
IRQ7E | IRQ6E | IRQ5E | IRQ4E | IRQ3E | IRQ2E | IRQ1E | IRQOE
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

IPINSELO is an 8-bit readable/writable register that selects which pins are to be used for interrupt
request input signals (EXIRQO to EXIRQ?7) from externally connected modules. IPINSELO is
initialized to H'00 by a power-on reset and in hardware standby mode. It retains its previous state
in a manual reset and in software standby mode.

Bit 7—Enable of EXIRQ7 Input from P36 (P36IRQ7E): Selects whether or not P36 is used as
the EXIRQ7 input pin.

Bit 7

P36IRQ7E Description

0 P36 is not used as EXIRQ7 input (Initial value)
1 P36 is used as EXIRQ7 input
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Bit 6—Enable of EXIRQ6 Input from P47 (P47IRQ6E): Selects whether or not P47 is used as
the EXIRQ6 input pin.

Bit 6

P47I1RQ6E Description

0 P47 is not used as EXIRQ6 input (Initial value)
1 P47 is used as EXIRQG input

Bit 5— Enable of EXIRQS5 Input from P46 (P46IRQS5E): Selects whether or not P46 is used as
the EXIRQS input pin.

Bit5

P46IRQ5E Description

0 P46 is not used as EXIRQS5 input (Initial value)
1 P46 is used as EXIRQ5 input

Bit 4—Enable of EXIRQ4 Input from P44 (P44IRQ4E): Selects whether or not P44 is used as
the EXIRQ4 input pin.

Bit 4

P44IRQ4E Description

0 P44 is not used as EXIRQ4 input (Initial value)
1 P44 is used as EXIRQ4 input

Bit 3—Enable of EXIRQ3 Input from P43 (P43IRQ3E): Selects whether or not P43 is used as
the EXIRQ3 input pin.

Bit 3

P43IRQ3E Description

0 P43 is not used as EXIRQS input (Initial value)
1 P43 is used as EXIRQ3 input
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Bit 2—Enable of EXIRQ2 Input from P42 (P42IRQ2E): Selects whether or not P42 is used as
the EXIRQ?2 input pin.

Bit 2

P42IRQ2E Description

0 P42 is not used as EXIRQ2 input (Initial value)
1 P42 is used as EXIRQ2 input

Bit 1—Enable of EXIRQI Input from P41 (P41IRQ1E): Selects whether or not P41 is used as
the EXIRQ1 input pin.

Bit 1

P41IRQ1E Description

0 P41 is not used as EXIRQ1 input (Initial value)
1 P41 is used as EXIRQT input

Bit 0—Enable of EXIRQO Input from P40 (P40IRQOE): Selects whether or not P40 is used as
the EXIRQO input pin.

Bit 0

P40IRQOE Description

0 P40 is not used as EXIRQO input (Initial value)
1 P40 is used as EXIRQO input

94.3 Pin Functions

Port 4 pins also function as external expansion interrupt input pins (EXIRQ6 to EXIRQO).
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9.5 Port 7

9.5.1 Overview

Port 7 is an 8-bit I/O port. Port 7 pins also function as DMAC input pins (DREQO, TENDO,
DREQI, and TENDI1), bus control output pins (CS4 to CS7), external module output pins
(EXMSTP, EXMS, and EXDTCE), and the manual reset input pin (MRES). The functions of pins
P77 to P74 are the same in all operating mode, but the functions of pins P73 to P70 depend on the
operating mode.

Figure 9.4 shows the port 7 pin configuration.

Port 7 pins Pin functions in modes 4 to 6
[—w P77 P77 (input/output)
<—> P76/EXMSTP P76 (input/output)/ EXMSTP (output)
|+—= P75/EXMS P75 (input/output)/EXMS (output)
Port7 =—=» P74/MRES/EXDTCE P74 (input/output)/MRES(input)/EXDTCE (output)
|«—» P73/TEND1/CS7 P73 (input)/ TENDT (output)/CS7 (output)
l+— P72/TENDO/CS6 P72 (input)/ TENDO (output)/CS6 (output)
l«—» P71/DREQ1/CS5 P71 (input)/DREQT (input)/CS5 (output)
— P70/DREQO/CS4 P70 (input)/DREQO (input)/CS4 (output)

Pin functions in mode 7

P77 (input/output
P76 (input/output)/EXMSTP (output)
P75 (input/output)/EXMS (output)

( )
( )
( )
P74 (input/output)/MRES (input)/EXDTCE (output)
P73 (input/output)/TENDT (output)
P72 (input/output)/TENDO (output)
P71 (input/output)/DREQT (input)
( )

P70 (input/output)/DREQO (input)

Figure 9.4 Port 7 Pin Functions

Rev.4.00 Sep. 18, 2008 Page 308 of 872
REJ09B0189-0400
RENESAS




Section 9 1/0 Ports

9.5.2 Register Configuration
Table 9.7 shows the port 7 register configuration.

Table 9.7 Port 7 Registers

Name Abbreviation R/W Initial Value  Address”™
Port 7 data direction register P7DDR w H'00 H'FE36
Port 7 data register P7DR R/W H'00 H'FF06
Port 7 register PORT7 R Undefined H'FFB6
External module connection output pin OPINSEL R/W B'-000---- H'FE4E

select register

Note: * Lower 16 bits of the address.

(1) Port 7 Data Direction Register (P7DDR)

Bit : 7 6 5 4 3 2 1 0
|P77DDR|P76DDR |P75DDR |P74DDR |P73DDR|P72DDR | P71 DDR| P7ODDR|

Initial value : 0 0 0 0 0 0 0 0

R/W : w w w w w w w w

P7DDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 7. P7DDR cannot be read; if it is, an undefined value will be read.

Setting a P7DDR bit to 1 makes the corresponding port 7 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

Since this register is a write-only register, do not use bit manipulation instructions to write to this
register. See section 2.10.4, Access Methods for Registers with Write-Only Bits.

P7DDR is initialized to H'00 by a power-on reset and in hardware standby mode. It retains its
previous state after a manual reset and in software standby mode. As the 8-bit timer and SCI are
initialized by a manual reset, the pin states in this case are determined by the P7DDR and P7DR
specifications.
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(2) Port 7 Data Register (P7DR)

Bit : 7 6 5 4 3 2 1 0

| P77DR | P76DR| P75DR | P74DR | P73DR | P72DR | P71DR | P70DR ‘
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

P7DR is an 8-bit readable/writable register that stores output data for the port 7 pins (P77 to P70).

P7DR is initialized to H'00 by a power-on reset and in hardware standby mode. It retains its
previous state after a manual reset and in software standby mode.

(3) Port 7 Register (PORT7)

Bit : 7 6 5 4 3 2 1 0

| P77 | P76 | P75 | P74 | P73 | P72 | P71 | P70 |
Initial value : —* —k — —k —* — — _x
R/W : R R R R R R R R

Note: * Determined by the state of pins P77 to P70.

PORTY7 is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port 7 pins (P77 to P70) must always be performed on P7DR.

If a port 7 read is performed while P7DDR bits are set to 1, the P7DR values are read. If a port 7
read is performed while P7DDR bits are cleared to O, the pin states are read.

After a power-on reset and in hardware standby mode, PORT7 contents are determined by the pin
states, as P7DDR and P7DR are initialized. PORT?7 retains its previous state after a manual reset
and in software standby mode.

(4) External Module Connection Output Pin Select Register (OPINSEL)

Bit : 7 6 5 4 3 2 1 0
. P76 P75 P74 . . . .
STPOE | MSOE | DTCOE
Initial value :  Undefined 0 0 0 Undefined Undefined Undefined Undefined
R/W — R/W R/W R/W — — — —
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OPINSEL is an 8-bit readable/writable register that selects whether or not output signals
(EXDTCE, EXMSTP, EXMS) to externally connected modules are output to pins P76 to P74.
OPINSEL bits 6 to 4 are initialized to 000 by a power-on reset and in hardware standby mode.
They retain their previous states in a manual reset and in software standby mode.

Bit 7—Reserved: This bit will return an undefined value if read, and should only be written with
0.

Bit 6—Enable of EXMSTP Output to P76 (P76STPOE): Selects whether or not the EXMSTP
module stop signal to external modules (bit 0 in MSTPCRB) is output to P76.

Bit 6

P76STPOE Description

0 EXMSTP is not output to P76 (Initial value)
1 EXMSTP is output to P76

Bit 5—Enable of EXMS Output to P75 (P75MSOE): Selects whether or not the EXMS module
stop signal to external modules (corresponding to addresses HFFFF40 to HFFFFSF) is output to
P75.

Bit 5

P75MSOE Description

0 EXMS is not output to P75 (Initial value)
1 EXMS is output to P75

Bit 4—Enable of EXDTCE Output to P74 (P74DTCOE): Selects whether or not the EXDTCE
signal, indicating that DTC transfer corresponding to EXIRQO to EXIRQF input is in progress, is
output to P74. This signal is used, for example, when the DTC in the chip has been activated by an
interrupt (EXIRQO to EXIRQF) from an external module, and the interrupt request is to be cleared
automatically on the external module side by DTC transfer.

Bit 4

P74DTCOE Description

0 EXDTCE is not output to P74 (Initial value)
1 EXDTCE is output to P74

Bits 3 to 0—Reserved: These bits will return an undefined value if read, and should only be
written with 0.
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9.5.3 Pin Functions

Port 7 pins also function as DMAC I/O pins (DREQO, TENDO, DREQ1, and TEND1), bus control
output pins (CS4 to CS7), external module output pins (EXMSTP, EXMS, and EXDTCE), and the
manual reset input pin (MRES). Port 7 pin functions are shown in table 9.8.

Table 9.8  Port 7 Pin Functions

Pin Pin Functions and Selection Method
P77 The pin function is switched as shown below according to the setting of bit P77DDR.
P77DDR 0 1
Pin function P77 input P77 output
P76/ The pin function is switched as shown below according to the combination of bit
EXMSTP  P76STPOE in OPINSEL and bit P76DDR.
P76STPOE 0 1
P76DDR 0 1 —
Pin function P76 input P76 output EXMSTP output

P75/EXMS The pin function is switched as shown below according to the combination of bit
P75MSOE in OPINSEL and bit P75DDR.

P75MSOE 0 1
P75DDR 0 1 —
Pin function P75 input P75 output EXMS output

P74/MRES/ The pin function is switched as shown below according to the combination of bit
EXDTCE MRESE in SYSCR and bit P74DDR.

P74DTCOE 0 1
MRESE 0 1 —
P74DDR 0 1 0 —

Pin function P74 input P74 output MRES input | EXDTCE output
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Pin

Pin Functions and Selection Method

P73/TEND1/ The pin function is switched as shown below according to the combination of the
operating mode, bit TEE1 in DMATCR of the DMAC, and bit P73DDR.

CS7

Operating mode Modes 4, 5, 6 Mode 7

TEEA 0 1 1

P73DDR 0 1 — 0 1 —

Pin function P73 CS7 TEND1 |P73input| P73 TENDT
input output output output output

P72/TENDO/ The pin function is switched as shown below according to the combination of the
operating mode, bit TEEO in DMATCR of the DMAC, and bit P72DDR.

CSé6

Operating mode Modes 4, 5, 6 Mode 7

TEEO 0 1 1

P72DDR 0 1 — 0 1 —

Pin function P72 CS6 TENDO P72 P72 TENDO
input output output input output output

P71/DREQ1/ The pin function is switched as shown below according to the combination of the
operating mode and bit P71DDR.

CS5

Operating mode Modes 4, 5, 6 Mode 7

P71DDR 0 1 0 1

Pin function P71 input CS5 output P71 input P71 output
DREQT input

P70/DREQO/ The pin function is switched as shown below according to the combination of the
operating mode and bit P70DDR.

CS4

Operating mode Modes 4, 5, 6 Mode 7

P70DDR 0 1 0 1

Pin function P70 input CS4 output P70 input P70 output
DREQO input

Rev.4.00 Sep. 18, 2008 Page 313 of 872

RENESAS

REJ09B0189-0400



Section 9 1/0 Ports

9.6 Port 9

9.6.1 Overview

Port 9 is a 1-bit input-only port. Port 9 pins also function as D/A converter analog output pin
(DADO). Port 9 pin functions are the same in all operating modes. Figure 9.5 shows the port 9 pin
configuration.

Port 9 pins

Port 9 l«— P96 (input)/DAO (output)

Figure 9.5 Port 9 Pin Functions

9.6.2 Register Configuration

Table 9.9 shows the port 9 register configuration. Port 9 is an input-only register, and does not
have a data direction register or data register.

Table 9.9 Port 9 Registers

Name Abbreviation R/W Initial Value  Address™

Port 9 register PORT9 R Undefined H'FFB8

Note: * Lower 16 bits of the address.

(1) Port 9 Register (PORTY)

Bit : 7 6 5 4 3 2 1 0
[~ Tew [ -1 -] -T-T-71-]

Initial value : — — — — — — — —

R/W : R R R R R R R R

Note: * Determined by the state of pin P96.

PORT?Y is an 8-bit read-only register. The pin states are always read when a port 9 read is
performed. This register cannot be written to. Bits 7 and 5 to 0 are reserved, and will return an
undefined value if read.
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9.6.3 Pin Functions

Port 9 pins also function as D/A converter analog output pin (DAO).

9.7 Port A

9.7.1 Overview

Port A is an 8-bit I/O port. Port A pins also function as address bus outputs and SCI2 I/O pins
(SCK2, RxD2, and TxD2). The pin functions depend on the operating mode.

Port A has an on-chip MOS input pull-up function that can be controlled by software.

Figure 9.6 shows the port A pin configuration.

Port A pins Pin functions in modes 4, 5, and 6
~—— PA3/A19/SCK2 PA3 (input/output)/A19 (output)/SCK2 (input/output)
PortA [ ™ PA2/A18/RxD2 PA2 (input/output)/A18 (output)/RxD2 (input)
— PA1/A17/TxD2 PA1 (input/output)/A17 (output)/TxD2 (output)
~— PAO/A16 PAO (input/output)/A16 (output)
Pin functions in mode 7

PAS3 (input/output)/SCK2 (input/output)
PA2 (input/output)/RxD2 (input)

PA1 (input/output)/TxD2 (output)

PAO (input/output)

Figure 9.6 Port A Pin Functions

Rev.4.00 Sep. 18, 2008 Page 315 of 872
REJ09B0189-0400
RENESAS




Section 9 1/0 Ports

9.7.2 Register Configuration
Table 9.10 shows the port A register configuration.

Table 9.10 Port A Registers

Name Abbreviation R/W Initial Value™ Address™
Port A data direction register PADDR W H'0 H'FE39
Port A data register PADR R/W H'0 H'FF09
Port A register PORTA R Undefined H'FFB9
Port A MOS pull-up control register PAPCR R/W H'0 H'FE40
Port A open-drain control register PAODR R/W H'0 H'FE47

Notes: 1. Lower 16 bits of the address.
2. Value of bits 3to 0.

(1) Port A Data Direction Register (PADDR)

Bit : 7 6 5 4 3 2 1 0

| — | — | — | — |PA3DDR|PA2DDR|PA1DDR|PAODDR|
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
R/W : — — — — w w w w

PADDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port A. PADDR cannot be read; if it is, an undefined value will be read.

Bits 7 to 4 are reserved; these bits cannot be modified and will return an undefined value if read.

Since this register is a write-only register, do not use bit manipulation instructions to write to this
register. See section 2.10.4, Access Methods for Registers with Write-Only Bits.

PADDR is initialized to H'O (bits 3 to 0) by a power-on reset and in hardware standby mode. It
retains its previous state after a manual reset and in software standby mode. The OPE bit in
SBYCR is used to select whether the address output pins retain their output state or become high-
impedance when a transition is made to software standby mode.

(a) Modes 4 to 6
If address output is enabled by the setting of bits AE3 to AEO in PFCR, the corresponding port
A pins are address outputs.
When address output is disabled, setting a PADDR bit to 1 makes the corresponding port A pin
an output port, while clearing the bit to 0 makes the pin an input port.
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(b) Mode 7

Setting a PADDR bit to 1 makes the corresponding port A pin an output port, while clearing
the bit to 0 makes the pin an input port.

(2) Port A Data Register (PADR)

Bit : 7 6 5 4 3 2 1 0
— — — — PA3DR | PA2DR | PA1DR | PAODR

Initial value : Undefined Undefined Undefined Undefined 0 0 0 0

R/W : — — — — R/W R/W R/W R/W

PADR is an 8-bit readable/writable register that stores output data for the port A pins (PA3 to
PAO).

Bits 7 to 4 are reserved; these bits cannot be modified and will return an undefined value if read.

PADR is initialized to H'O (bits 3 to 0) by a power-on reset and in hardware standby mode. It
retains its previous state after a manual reset and in software standby mode.

(3) Port A Register (PORTA)

Bit : 7 6 5 4 3 2 1 0
— — — — PA3 PA2 PA1 PAO

Initial value : Undefined Undefined Undefined Undefined —* —k —* —®

R/W : — — — — R R R R

Note: * Determined by the state of pins PA3 to PAO.

PORTA is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port A pins (PA3 to PAO) must always be performed on PADR.

Bits 7 to 4 are reserved; these bits cannot be modified and will return an undefined value if read.

If a port A read is performed while PADDR bits are set to 1, the PADR values are read. If a port A
read is performed while PADDR bits are cleared to 0, the pin states are read.

After a power-on reset and in hardware standby mode, PORTA contents are determined by the pin
states, as PADDR and PADR are initialized. PORTA retains its previous state after a manual reset
and in software standby mode.
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(4) Port A MOS Pull-Up Control Register (PAPCR)

Bit : 7 6 5 4 3 2 1 0

— — — — PA3PCR|PA2PCR|PA1PCR|PAOPCR
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
R/W : — — — — R/W R/W R/W R/W

PAPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port A on a bit-by-bit basis.

Bits 7 to 4 are reserved; these bits cannot be modified and will return an undefined value if read.

PAPCR is valid for port input and SCI input pins. When a PADDR bit is cleared to 0 (input port
setting), setting the corresponding PAPCR bit to 1 turns on the MOS input pull-up for the
corresponding pin.

PAPCR is initialized to H'O (bits 3 to 0) by a power-on reset and in hardware standby mode. It
retains its previous state after a manual reset and in software standby mode.

(5) Port A Open-Drain Control Register (PAODR)

Bit : 7 6 5 4 3 2 1 0

— — — — |PA3ODR|PA20DR|PA10ODR|PAOODR
Initial value :Undefined Undefined Undefined Undefined 0 0 0 0
R/W D — — — — R/W R/W R/W R/W

PAODR is an 8-bit readable/writable register that controls the PMOS on/off status for each port A
pin (PA3 to PAO).

Bits 7 to 4 are reserved; these bits cannot be modified and will return an undefined value if read.
PAODR is valid for port output and SCI output pins.

Setting a PAODR bit to 1 makes the corresponding port A pin an NMOS open-drain output pin,
while clearing the bit to 0 makes the pin a CMOS output pin.

PAODR is initialized to H'O (bits 3 to 0) by a power-on reset and in hardware standby mode. It
retains its previous state after a manual reset and in software standby mode.
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9.7.3 Pin Functions

Port A pins also function as SCI2 I/O pins (TxD2, RxD2, and SCK2) and address output pins
(A19 to A16). Port A pin functions are shown in table 9.11.

Table 9.11 Port A Pin Functions

Pin Pin Functions and Selection Method
PA3/A19/ The pin function is switched as shown below according to the combination of the
SCK2 operating mode, PFCR setting, SCI channel 2 settings, and bit PASDDR.

Operating mode

Modes 4t0 6

AE3 to AEO

11xx

Other than 11xx

CKEH1

C/A

CKEO

PA3DDR

0

Pin function

A19 output

PA3 input

output™

PA3 SCK2

output™

SCK2
output™

SCK2
input

Operating mode

Mode 7

AE3 to AEO

CKEH1

C/A

1

CKEO

1

PA3DDR

0

1

Pin function

PA3 input

PA3 output™

SCK2
output™

SCK2
output™

SCK2 input

Note: * NMOS open-drain output when PA3ODR = 1 in PAODR.
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Pin Pin Functions and Selection Method
PA2/A18/ The pin function is switched as shown below according to the combination of the
RxD2 operating mode, PFCR setting, SCI channel 2 settings, and bit PA2DDR.
Operating Modes 4 to 6 Mode 7
mode
AE3 to AEO 1011 or | Other than (1011 or 11xx) —
11xx
RE — 0 1 0 1
PA2DDR — 0 1 — 0 1 —
Pin function A18 PA2 PA2 RxD2 PA2 PA2 RxD2
output | input | output® | input input | output™ | input

Note: * NMOS open-drain output when PA20DR = 1 in PAODR.

PA1/A17/  The pin function is switched as shown below according to the combination of the

TxD2 operating mode, PFCR setting, SCI channel 2 settings, and bit PA1DDR.
Operating Modes 4 to 6 Mode 7
mode
AES3 to AEO 101x or | Other than (101x or 11xx) —
11xx
TE — 0 1 0 1
PA1DDR — 0 1 — 0 1 —
Pin function A17 PA1 PA1 TxD2 PA1 PA1 TxD2
output | input | output® | output® | input | output® | output®

Note: * NMOS open-drain output when PA10ODR = 1 in PAODR.

PAO/A16  The pin function is switched as shown below according to the combination of the
operating mode, PFCR setting, and bit PAODDR.

Operating mode Modes 4 to 6 Mode 7
AES3 to AEO Other than Oxxx or 1000 —
(Oxxx or 1000)
PA1DDR — 0 1 0 1
Pin function A16 output PAO input PAO PAO input PAO
output™ output™

Note: * NMOS open-drain output when PAOODR = 1 in PAODR.
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9.7.4 MOS Input Pull-Up Function

Port A has an on-chip MOS input pull-up function that can be controlled by software. MOS input

pull-up can be specified as on or off for individual bits.

With port input and SCI input pins, when a PADDR bit is cleared to 0, setting the corresponding

PAPCR bit to 1 turns on the MOS input pull-up for that pin.

The MOS input pull-up function is in the off state after a power-on reset and in hardware standby
mode. The previous state is retained after a manual reset and in software standby mode.

Table 9.12 summarizes the MOS input pull-up states.

Table 9.12 MOS Input Pull-Up States (Port A)

Hardware Software
Power-On Standby Manual Standby  In Other
Pins Reset Mode Reset Mode Operations
Address output, port output, SCI OFF OFF OFF OFF OFF
output
Port input, SCI input OFF OFF ON/OFF  ON/OFF  ON/OFF
Legend:

OFF: MQOS input pull-up is always off.
ON/OFF: On when PADDR = 0 and PAPCR = 1; otherwise off.
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9.8 Port B

9.8.1 Overview

Port B is an 8-bit I/O port. Port B pins also function as address bus outputs. The pin functions
depend on the operating mode.

Port B has an on-chip MOS input pull-up function that can be controlled by software.

Figure 9.7 shows the port B pin configuration.

Port B pins Pin functions in modes 4 to 6
~+—> PB7/A15 PB7 (input/output)/A15 (output)
~+—> PB6/A14 PB6 (input/output)/A14 (output)
~+— PB5/A13 PBS5 (input/output)/A13 (output)

PortB \w—» PB4/A12 PB4 (input/output)/A12 (output)
l—» PB3/A11 PB3 (input/output)/A11 (output)
~— PB2/A10 PB2 (input/output)/A10 (output)
~+—» PB1/A9 PB1 (input/output)/A9 (output)
~+—> PBO/A8 PBO (input/output)/A8 (output)

Pin functions in mode 7

PB7 (input/output)
PB6 (input/output)
PB5 (input/output)
PB4 (input/output)
PB3 (input/output)
PB2 (input/output)
PB1 (input/output)

(

PBO (input/output)

Figure 9.7 Port B Pin Functions
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9.8.2 Register Configuration
Table 9.13 shows the port B register configuration.

Table 9.13 Port B Registers

Name Abbreviation R/W Initial Value  Address™
Port B data direction register PBDDR w H'00 H'FE3A
Port B data register PBDR R/W H'00 H'FFOA
Port B register PORTB R Undefined H'FFBA
Port B MOS pull-up control register PBPCR R/W H'00 H'FE41

Note: * Lower 16 bits of the address.

(1) Port B Data Direction Register (PBDDR)

Bit : 7 6 5 4 3 2 1 0
|PB7DDR|PBBDDR |PBSDDR |PB4DDR | PBSDDR|PB2DDR | PB1 DDR| PBODDR|

Initial value : 0 0 0 0 0 0 0 0

R/W : w w W W W w W w

PBDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port B. PBDDR cannot be read; if it is, an undefined value will be read.

Since this register is a write-only register, do not use bit manipulation instructions to write to this
register. See section 2.10.4, Access Methods for Registers with Write-Only Bits.

PBDDR is initialized to H'00 by a power-on reset and in hardware standby mode. It retains its
previous state after a manual reset and in software standby mode. The OPE bit in SBYCR is used
to select whether the address output pins retain their output state or become high-impedance when
a transition is made to software standby mode.

(a) Modes 4 to 6

If address output is enabled by the setting of bits AE3 to AEO in PFCR, the corresponding port
B pins are address outputs.

When address output is disabled, setting a PBDDR bit to 1 makes the corresponding port B pin
an output port, while clearing the bit to 0 makes the pin an input port.

(b) Mode 7

Setting a PBDDR bit to 1 makes the corresponding port B pin an output port, while clearing
the bit to 0 makes the pin an input port.
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(2) Port B Data Register (PBDR)

Bit : 7 6 5 4 3 2 1 0
PB7DR | PB6DR | PB5DR | PB4DR | PB3DR | PB2DR | PB1DR | PBODR

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

PBDR is an 8-bit readable/writable register that stores output data for the port B pins (PB7 to
PBO).

PBDR is initialized to H'00 by a power-on reset and in hardware standby mode. It retains its
previous state after a manual reset and in software standby mode.

(3) Port B Register (PORTB)

Bit : 7 6 5 4 3 2 1 0
PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO

Initial value : —* —* —* — —k —* — %

R/W : R R R R R R R R

Note: * Determined by the state of pins PB7 to PBO.
PORTSB is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port B pins (PB7 to PB0) must always be performed on PBDR.

If a port B read is performed while PBDDR bits are set to 1, the PBDR values are read. If a port B
read is performed while PBDDR bits are cleared to 0, the pin states are read.

After a power-on reset and in hardware standby mode, PORTB contents are determined by the pin
states, as PBDDR and PBDR are initialized. PORTB retains its previous state after a manual reset
and in software standby mode.

(4) Port B MOS Pull-Up Control Register (PBPCR)

Bit : 7 6 5 4 3 2 1 0
PB7PCR| PB6PCR|PB5PCR|PB4PCR|PB3PCR|PB2PCR | PB1PCR|PBOPCR

Initial value : 0 0 0 0 0 0 0 0

R/W . RW R/W R/W R/W R/W R/W R/W R/W
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PBPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port B on a bit-by-bit basis.

PBPCR is valid for port input and TPU input pins.

When a PBDDR bit is cleared to O (input port setting), setting the corresponding PBPCR bit to 1
turns on the MOS input pull-up for the corresponding pin.

PBPCR is initialized to H'00 by a power-on reset and in hardware standby mode. It retains its
previous state after a manual reset and in software standby mode.

9.8.3 Pin Functions

Port B pins also function as address output pins (A15 to A8). Port B pin functions are shown in
table 9.14.

Table 9.14 Port B Pin Functions

Pin Pin Functions and Selection Method

PB7/A15  The pin function is switched as shown below according to the combination of the
operating mode, PFCR setting, and bit PB7DDR.

Operating mode Modes 4 to 6

AE3 to AEO in B'1xxx Other than B'1xxx
PFCR

PB7DDR — 0 1
Pin function A15 output PB7 input PB7 output

Operating mode Mode 7

AE3 to AEO in —
PFCR

PB7DDR 0 1
Pin function PB7 input PB7 output
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Pin Pin Functions and Selection Method
PB6/A14  The pin function is switched as shown below according to the combination of the

operating mode, PFCR setting, and bit PB6DDR.

Operating mode Modes 4 to 6

AE3 to AEQ in B'0111 or B'1xxx Other than (B'0111 or B'1xxx)

PFCR

PB6DDR — 0 1

Pin function A14 output PB6 input PB6 output

Operating mode Mode 7

AE3to AEQ in —

PFCR

PB6DDR 0 1

Pin function PB6 input PB6 output

PB5/A13  The pin function is switched as shown below according to the combination of the

operating mode, PFCR setting, and bit PB5DDR.

Operating mode Modes 4 to 6

AE3 to AEO in B'011x or B'"1xxx Other than (B'011x or B'1xxx)

PFCR

PB5DDR — 0 1

Pin function A13 output PBS5 input PB5 output

Operating mode Mode 7

AE3 to AEO in —
PFCR

PB5DDR 0 1

Pin function PB5 input PBS5 output
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Pin Pin Functions and Selection Method

PB4/A12  The pin function is switched as shown below according to the combination of the
operating mode, PFCR setting, and bit PB4DDR.

Operating mode

Modes 4 to 6

AE3 to AEQ in
PFCR

B'0100 or B'00xx

Other than (B'0100 or
B'00xx)

PB5DDR

0

1

Pin function

PB4 input

PB4 output

A12 output

Operating mode

Mode 7

AE3 to AEO in
PFCR

PB4DDR

0

1

Pin function

PB4 input

PB4 output

PB3/A11  The pin function is switched as shown below according to the combination of the
operating mode, PFCR setting, and bit PBSDDR.

Operating mode

Modes 4t0 6

AE3 to AEO in
PFCR

B'00xx

Other than B'00xx

PB3DDR

0

1

Pin function

PB3 input

PB3 output

A11 output

Operating mode

Mode 7

AE3 to AEO in
PFCR

PB3DDR

0

1

Pin function

PB3 input

PB3 output
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Pin Pin Functions and Selection Method
PB2/A10  The pin function is switched as shown below according to the combination of the

operating mode, PFCR setting, and bit PB2DDR.

Operating mode Modes 4 to 6

AE3 to AEO in B'0010 or B'000x Other than B'0010

PFCR or B'000x

PB2DDR 0 1 —

Pin function PB2 input PB2 output A10 output

Operating mode Mode 7

AE3 to AEO in —

PFCR

PB2DDR 0 1

Pin function PB2 input PB2 output
PB1/A9 The pin function is switched as shown below according to the combination of the

operating mode, PFCR setting, and bit PB1DDR.

Operating mode

Modes 4t0 6

AE3 to AEO in
PFCR

B'000x

Other than B'000x

PB1DDR

0

1

Pin function

PB1 input

PB1 output

A9 output

Operating mode

Mode 7

AE3 to AEO in
PFCR

PB1DDR

0

1

Pin function

PB1 input

PB1 output
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Pin Pin Functions and Selection Method

PBO0/A8 The pin function is switched as shown below according to the combination of the
operating mode, PFCR setting, bit PB1DDR.

Operating mode Modes 4 to 6

AE3 to AEO in B'0000 Other than B'0000
PFCR

P30DDR 0 1 —
Pin function PBO input PBO output A8 output

Operating mode Mode 7

AE3 to AEO in —
PFCR

PBODDR 0 1
Pin function PBO input PBO output

9.8.4 MOS Input Pull-Up Function

Port B has an on-chip MOS input pull-up function that can be controlled by software. MOS input
pull-up can be specified as on or off for individual bits.

With port input pins, when a PBDDR bit is cleared to O, setting the corresponding PBPCR bit to 1
turns on the MOS input pull-up for that pin.

The MOS input pull-up function is in the off state after a power-on reset and in hardware standby
mode. The previous state is retained after a manual reset and in software standby mode.

Table 9.15 summarizes the MOS input pull-up states.

Table 9.15 MOS Input Pull-Up States (Port B)

Hardware Software
Power-On Standby Manual Standby In Other
Pins Reset Mode Reset Mode Operations
Address output, port output  OFF OFF OFF OFF OFF
Port input OFF OFF ON/OFF ON/OFF ON/OFF

Legend:
OFF: MOS input pull-up is always off.
ON/OFF: On when PBDDR = 0 and PBPCR = 1; otherwise off.
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9.9 Port C

9.9.1 Overview

Port C is an 8-bit I/O port. Port C pins also function as address bus outputs. The pin functions
depend on the operating mode.

Port C has an on-chip MOS input pull-up function that can be controlled by software.

Figure 9.8 shows the port C pin configuration.

Port C pins Pin functions in modes 4 and 5
~—w» PC7/A7 A7 (output)
~+—» PC6/A6 A6 (output)
~+— PC5/A5 A5 (output)
PortC |«—» PC4/A4 A4 (output)
~+— PC3/A3 A3 (output)
~— PC2/A2 A2 (output)
—> PC1/A1 A1 (output)
~—>» PCO0/A0 A0 (output)
Pin functions in mode 6 Pin functions in mode 7
PC7 (input)/A7 (output) PC7 (input/output)
PC6 (input)/A6 (output) PC6 (input/output)
PCS5 (input)/A5 (output) PC5 (input/output)
PC4 (input)/A4 (output) PC4 (input/output)
PC3 (input)/A3 (output) PC3 (input/output)
PC2 (input)/A2 (output) PC2 (input/output)
PC1 (input)/A1 (output) PC1 (input/output)
PCO (input)/A0 (output) PCO (input/output)

Figure 9.8 Port C Pin Functions
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9.9.2 Register Configuration
Table 9.16 shows the port C register configuration.

Table 9.16 Port C Registers

Name Abbreviation R/W Initial Value  Address”™
Port C data direction register PCDDR w H'00 H'FE3B
Port C data register PCDR R/W H'00 H'FFOB
Port C register PORTC R Undefined H'FFBB
Port C MOS pull-up control register PCPCR R/W H'00 H'FE42

Note: * Lower 16 bits of the address.

(1) Port C Data Direction Register (PCDDR)

Bit : 7 6 5 4 3 2 1 0
|PC7DDR| PC6DDR| PCSDDR| PC4DDR|PCSDDR|PC2DDR|PC1 DDR|PCODDR|

Initial value : 0 0 0 0 0 0 0 0

R/W : w w w w W w w w

PCDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port C. PCDDR cannot be read; if it is, an undefined value will be read.

Setting a PCDDR bit to 1 makes the corresponding port C pin an output pin, while clearing the bit
to 0, makes the pin an input pin. Since this register is a write-only register, do not use bit
manipulation instructions to write to this register. See section 2.10.4, Access Methods for
Registers with Write-Only Bits.

PCDDR is initialized to H'00 by a power-on reset and in hardware standby mode. It retains its
previous state after a manual reset and in software standby mode. The OPE bit in SBYCR is used
to select whether the address output pins retain their output state or become high-impedance when
a transition is made to software standby mode.

(a) Modes 4 and 5
Port C pins are address outputs regardless of the PCDDR settings.

(b) Mode 6

Setting a PCDDR bit to 1 makes the corresponding port C pin an address output, while
clearing the bit to 0 makes the pin an input port.
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(c) Mode 7

Setting a PCDDR bit to 1 makes the corresponding port C pin an output port, while clearing
the bit to 0 makes the pin an input port.

(2) Port C Data Register (PCDR)

Bit : 7 6 5 4 3 2 1 0
PC7DR | PC6DR | PC5DR | PC4DR | PC3DR | PC2DR | PC1DR | PCODR

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

PCDR is an 8-bit readable/writable register that stores output data for the port C pins (PC7 to
PCO).

PCDR is initialized to H'00 by a power-on reset and in hardware standby mode. It retains its
previous state after a manual reset and in software standby mode.

(3) Port C Register (PORTC)

Bit : 7 6 5 4 3 2 1 0
PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO

Initial value : —% —k — — —* —% % %

R/W : R R R R R R R R

Note: * Determined by the state of pins PC7 to PCO.

PORTC is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port C pins (PC7 to PCO) must always be performed on PCDR.

If a port C read is performed while PCDDR bits are set to 1, the PCDR values are read. If a port C
read is performed while PCDDR bits are cleared to O, the pin states are read.

After a power-on reset and in hardware standby mode, PORTC contents are determined by the pin
states, as PCDDR and PCDR are initialized. PORTC retains its previous state after a manual reset
and in software standby mode.
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(4) Port C MOS Pull-Up Control Register (PCPCR)

Bit .7 6 5 4 3 2 1 0
|PC7PCR| PC6PCR| PCSPCR| PC4PCR|PCBPCR|PC2PCR| PC1PCR|PCOPCR|

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RW RW RW RW RW RW RW

PCPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port C on a bit-by-bit basis.

PCPCR is valid for port input (modes 6 and 7).

When a PCDDR bit is cleared to O (input port setting), setting the corresponding PCPCR bit to 1
turns on the MOS input pull-up for the corresponding pin.

PCPCR is initialized to H'00 by a power-on reset and in hardware standby mode. It retains its
previous state after a manual reset and in software standby mode.

9.9.3 Pin Functions in Each Mode
(1) Modes 4 and 5

In modes 4 and 5, port C pins function as address outputs automatically. Port C pin functions in
modes 4 and 5 are shown in figure 9.9.

—— A7 (output)
—» A6 (output)
— A5 (output)
Port C [—* A4 (output)
— A3 (output)
— A2 (output)
— A1 (output)

— A0 (output)

Figure 9.9 Port C Pin Functions (Modes 4 and 5)
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(2) Mode 6

In mode 6, port C pins function as address outputs or input ports, and input or output can be
specified bit by bit. Setting a PCDDR bit to 1 makes the corresponding port C pin an address
output, while clearing the bit to 0 makes the pin an input port.

Port C pin functions in mode 6 are shown in figure 9.10.

When PCDDR = 1 When PCDDR =0
~— A7 (output) PC7 (input)
~—>» AB (output) PC6 (input)
+—» A5 (output) PCS5 (input)

PortC [=—» A4 (output) PC4 (input)
~—> A3 (output) PC3 (input)
— A2 (output) PC2 (input)
~—> A1 (output) PC1 (input)
—> AQ (output) PCO (input)

Figure 9.10 Port C Pin Functions (Mode 6)
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(3) Mode 7

In mode 7, port C functions as an I/O port, and input or output can be specified bit by bit. Setting a
PCDDR bit to 1 makes the corresponding port C pin an output port, while clearing the bit to 0

makes the pin an input port.

Port C pin functions in mode 7 are shown in figure 9.11.

Port C

PC7 (input/output)
PC6 (input/output)
PC5 (input/output)
PC4 (input/output)
PC3 (input/output)
PC2 (input/output)
PC1 (input/output)
PCO (input/output)

Figure 9.11 Port C Pin Functions (Mode 7)
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9.9.4 MOS Input Pull-Up Function

Port C has an on-chip MOS input pull-up function that can be controlled by software. MOS input
pull-up can be used in modes 6 and 7, and can be specified as on or off for individual bits.

With the port input pin function (modes 6 and 7), when a PCDDR bit is cleared to O, setting the
corresponding PCPCR bit to 1 turns on the MOS input pull-up for that pin.

The MOS input pull-up function is in the off state after a power-on reset and in hardware standby
mode. The previous state is retained after a manual reset and in software standby mode.

Table 9.17 summarizes the MOS input pull-up states.

Table 9.17 MOS Input Pull-Up States (Port C)

Hardware Software
Power-On Standby Manual Standby  In Other
Pins Reset Mode Reset Mode Operations
Address output (modes 4 and 5), OFF OFF OFF OFF OFF
port output (modes 6 and 7)
Port input (modes 6 and 7) OFF OFF ON/OFF  ON/OFF  ON/OFF
Legend:

OFF: MQOS input pull-up is always off.
ON/OFF: On when PCDDR = 0 and PCPCR = 1; otherwise off.
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9.10 Port D

9.10.1 Overview

Port D is an 8-bit I/O port. Port D pins also function as data bus input/output pins. The pin
functions depend on the operating mode.

Port D has an on-chip MOS input pull-up function that can be controlled by software.

Figure 9.12 shows the port D pin configuration.

Port D pin Pin functions in modes 4 to 6
~—>» PD7/D15 D15 (input/output)
~—» PD6/D14 D14 (input/output)
~+—> PD5/D13 D13 (input/output)
PortD [=—» PD4/D12 D12 (input/output)
~—>» PD3/D11 D11 (input/output)
~—> PD2/D10 D10 (input/output)
~—> PD1/D9 D9 (input/output)
~+— PD0/D8 D8 (input/output)

Pin functions in mode 7
PD7 (input/output
PD6 (input/output
PD5 (input/output
PD4 (input/output

PD2 (input/output

( )
( )
( )
( )
PD3 (input/output)
( )
PD1 (input/output)

( )

PDO (input/output

Figure 9.12 Port D Pin Functions
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9.10.2  Register Configuration
Table 9.18 shows the port D register configuration.

Table 9.18 Port D Registers

Name Abbreviation R/W Initial Value  Address”™
Port D data direction register PDDDR w H'00 H'FE3C
Port D data register PDDR R/W H'00 H'FFOC
Port D register PORTD R Undefined H'FFBC
Port D MOS pull-up control register PDPCR R/W H'00 H'FE43

Note: * Lower 16 bits of the address.

(1) Port D Data Direction Register (PDDDR)

Bit : 7 6 5 4 3 2 1 0
|PD7DDR| PD6DDR| PD5DDR| PD4DDR|PD3DDR|PD2DDR| PD1 DDR|PDODDR‘

Initial value : 0 0 0 0 0 0 0 0

R/W : w W w w w w W w

PDDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port D. PDDDR cannot be read; if it is, an undefined value will be read.

Setting a PDDDR bit to 1 makes the corresponding port C pin an output pin, while clearing the bit
to 0, makes the pin an input pin. Since this register is a write-only register, do not use bit
manipulation instructions to write to this register. See section 2.10.4, Access Methods for
Registers with Write-Only Bits.

PDDDR is initialized to H'00 by a power-on reset and in hardware standby mode. It retains its
previous state after a manual reset and in software standby mode.

(a) Modes 4 to 6

The input/output direction settings in PDDDR are ignored, and port D pins automatically
function as data input/output pins.

(b) Mode 7

Setting a PDDDR bit to 1 makes the corresponding port D pin an output port, while clearing
the bit to 0 makes the pin an input port.
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(2) Port D Data Register (PDDR)

Bit : 7 6 5 4 3 2 1 0
PD7DR | PD6DR | PD5DR | PD4DR | PD3DR | PD2DR | PD1DR | PDODR

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

PDDR is an 8-bit readable/writable register that stores output data for the port D pins (PD7 to
PDO0).

PDDR is initialized to H'00 by a power-on reset and in hardware standby mode. It retains its
previous state after a manual reset and in software standby mode.

(3) Port D Register (PORTD)

Bit : 7 6 5 4 3 2 1 0
PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO

Initial value : —* —* —* —* —* —* —* —*

R/W : R R R R R R R R

Note: * Determined by the state of pins PD7 to PDO.

PORTD is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port D pins (PD7 to PD0O) must always be performed on PDDR.

If a port D read is performed while PDDDR bits are set to 1, the PDDR values are read. If a port D
read is performed while PDDDR bits are cleared to 0, the pin states are read.

After a power-on reset and in hardware standby mode, PORTD contents are determined by the pin
states, as PDDDR and PDDR are initialized. PORTD retains its previous state after a manual reset
and in software standby mode.

(4) Port D MOS Pull-Up Control Register (PDPCR)

Bit : 7 6 5 4 3 2 1 0
PD7PCR| PD6PCR|PD5PCR|PD4PCR|PD3PCR|PD2PCR |PD1PCR|PDOPCR

Initial value : 0 0 0 0 0 0 0 0

R/W :  RW R/W R/W R/W R/W R/W R/W R/W
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PDPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port D on a bit-by-bit basis.

PDPCR is valid for port input pins (mode 7). When a PDDDR bit is cleared to O (input port
setting), setting the corresponding PDPCR bit to 1 turns on the MOS input pull-up for the
corresponding pin.

PDPCR is initialized to H'00 by a power-on reset and in hardware standby mode. It retains its
previous state after a manual reset and in software standby mode.

9.10.3  Pin Functions in Each Mode
(1) Modes4t0 6

In modes 4 to 6, port D pins function as data input/output pins automatically. Port D pin functions
in modes 4 to 6 are shown in figure 9.13.

~<— D15 (input/output)
~+—> D14 (input/output)
~+—> D13 (input/output)
PortD [* ™ D12 (input/output)
~+—> D11 (input/output)
~——> D10 (input/output)
~+—> D9 (input/output)

~— D8 (input/output)

Figure 9.13 Port D Pin Functions (Modes 4 to 6)
(2) Mode 7

In mode 7, port D functions as an I/O port, and input or output can be specified bit by bit. Setting a
PDDDR bit to 1 makes the corresponding port D pin an output port, while clearing the bit to 0
makes the pin an input port.

Port D pin functions in mode 7 are shown in figure 9.14.
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~+— PD7 (input/output)
~+— PD6 (input/output)
~+— PD5 (input/output)
Port D =— PD4 (input/output)
~+—> PD3 (input/output)
~——> PD2 (input/output)
~+—> PD1 (input/output)

~+—= PDO (input/output)

Figure 9.14 Port D Pin Functions (Mode 7)

9.10.4 MOS Input Pull-Up Function

Port D has an on-chip MOS input pull-up function that can be controlled by software. MOS input
pull-up can be used in mode 7, and can be specified as on or off for individual bits.

With the port input pin function (mode 7), when a PDDDR bit is cleared to 0, setting the
corresponding PDPCR bit to 1 turns on the MOS input pull-up for that pin.

The MOS input pull-up function is in the off state after a power-on reset and in hardware standby
mode. The previous state is retained after a manual reset and in software standby mode.

Table 9.19 summarizes the MOS input pull-up states.

Table 9.19 MOS Input Pull-Up States (Port D)

Hardware Software
Power-On Standby Manual Standby  In Other
Pins Reset Mode Reset Mode Operations
Data input/output (modes 4 to 6), OFF OFF OFF OFF OFF
port output (mode 7)
Port input (mode 7) OFF OFF ON/OFF  ON/OFF  ON/OFF
Legend:

OFF: MQOS input pull-up is always off.
ON/OFF: On when PDDDR = 0 and PDPCR = 1; otherwise off.
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9.11 Port E

9.11.1 Overview

Port E is an 8-bit I/O port. Port E pins also function as data bus input/output pins. The pin
functions depend on the operating mode and on whether 8-bit or 16-bit bus mode is used.

Port E has an on-chip MOS input pull-up function that can be controlled by software.

Figure 9.15 shows the port E pin configuration.

Port E pins Pin functions in modes 4 to 6
~—» PE7/D7 PE?7 (input/output)/D7 (input/output)
~—» PE6/D6 PES (input/output)/D6 (input/output)
~+—>» PE5/D5 PE5 (input/output)/D5 (input/output)

Port E |-=—» PE4/D4 PE4 (input/output)/D4 (input/output)
~— PE3/D3 PES3 (input/output)/D3 (input/output)
~—>» PE2/D2 PE2 (input/output)/D2 (input/output)
~—> PE1/D1 PE1 (input/output)/D1 (input/output)
~+— PEO/DO PEO (input/output)/DO0 (input/output)

Pin functions in mode 7
PE7 (input/output)
PEG (input/output)
PES5 (input/output)
PE4 (input/output)
PE3 (input/output)
PE2 (input/output)
PE1 (input/output)
PEO (input/output)

Figure 9.15 Port E Pin Functions
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9.11.2  Register Configuration
Table 9.20 shows the port E register configuration.

Table 9.20 Port E Registers

Name Abbreviation R/W Initial Value  Address”™
Port E data direction register PEDDR W H'00 H'FE3D
Port E data register PEDR R/W H'00 H'FFOD
Port E register PORTE R Undefined H'FFBD
Port E MOS pull-up control register PEPCR R/W H'00 H'FE44

Note: * Lower 16 bits of the address.

(1) Port E Data Direction Register (PEDDR)

Bit : 7 6 5 4 3 2 1 0
|PE7DDR| PE6DDR| PE5DDR| PE4DDR|PE3DDR|PE2DDR| PE1 DDR|PEODDR|

Initial value : 0 0 0 0 0 0 0 0

R/W : W W w w W w w w

PEDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port E. PEDDR cannot be read; if it is, an undefined value will be read.

Setting a PEDDR bit to 1 makes the corresponding port C pin an output pin, while clearing the bit
to 0, makes the pin an input pin. Since this register is a write-only register, do not use bit
manipulation instructions to write to this register. See section 2.10.4, Access Methods for
Registers with Write-Only Bits.

PEDDR is initialized to H'00 by a power-on reset and in hardware standby mode. It retains its
previous state after a manual reset and in software standby mode.

(a) Modes 4 to 6

When 8-bit bus mode is selected, port E functions as an I/O port. Setting a PEDDR bit to 1
makes the corresponding port E pin an output port, while clearing the bit to O makes the pin an
input port.

When 16-bit bus mode is selected, the input/output direction settings in PEDDR are ignored,
and port E pins automatically function as data input/output pins.

For details of the 8-bit and 16-bit bus modes, see section 6, Bus Controller.
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(b) Mode 7

Setting a PEDDR bit to 1 makes the corresponding port E pin an output port, while clearing the
bit to 0 makes the pin an input port.

(2) Port E Data Register (PEDR)

Bit : 7 6 5 4 3 2 1 0
PE7DR | PE6DR | PESDR | PE4DR | PE3DR | PE2DR | PE1DR | PEODR

Initial value : 0 0 0 0 0 0 0 0

R/W : RW R/W R/W R/W R/W R/W R/W R/W

PEDR is an 8-bit readable/writable register that stores output data for the port E pins (PE7 to
PEO).

PEDR is initialized to H'0O by a power-on reset and in hardware standby mode. It retains its
previous state after a manual reset and in software standby mode.

(3) Port E Register (PORTE)

Bit : 7 6 5 4 3 2 1 0
PE7 PE6 PE5 PE4 PE3 PE2 PE1 PEO

Initial value : —* —* —* —* —* —* —* —*

R/W : R R R R R R R R

Note: * Determined by the state of pins PE7 to PEO.

PORTE is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port E pins (PE7 to PEO) must always be performed on PEDR.

If a port E read is performed while PEDDR bits are set to 1, the PEDR values are read. If a port E
read is performed while PEDDR bits are cleared to 0, the pin states are read.

After a power-on reset and in hardware standby mode, PORTE contents are determined by the pin
states, as PEDDR and PEDR are initialized. PORTE retains its previous state after a manual reset
and in software standby mode.

(4) Port E MOS Pull-Up Control Register (PEPCR)

Bit : 7 6 5 4 3 2 1 0
PE7PCR| PE6PCR|PE5PCR|PE4PCR|PE3PCR |PE2PCR|PE1PCR|PEOPCR

Initial value : 0 0 0 0 0 0 0 0

R/W : RW R/W R/W R/W R/W R/W R/W R/W
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PEPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port E on a bit-by-bit basis.

PEPCR is valid for port input pins (modes 4 to 6 in 8-bit bus mode, or mode 7).

When a PEDDR bit is cleared to O (input port setting), setting the corresponding PEPCR bit to 1
turns on the MOS input pull-up for the corresponding pin.

PEPCR is initialized to H'00 by a power-on reset and in hardware standby mode. It retains its
previous state after a manual reset and in software standby mode.

9.11.3  Pin Functions in Each Mode
(1) Modes4to0 6

In modes 4 to 6, if 8-bit access space is designated and 8-bit bus mode is selected, port E functions
as an I/O port. Setting a PEDDR bit to 1 makes the corresponding port E pin an output port, while
clearing the bit to 0 makes the pin an input port.

When 16-bit bus mode is selected, the input/output direction settings in PEDDR are ignored, and
port E pins function as data input/output pins.

Port E pin functions in modes 4 to 6 are shown in figure 9.16.

Port E

8-bit bus mode

PE7 (input/output)
PE6 (input/output)
PES5 (input/output)
PE4 (input/output)
PES3 (input/output)
PE2 (input/output)
PE1 (input/output)
PEOQ (input/output)

16-bit bus mode
D7 (input/output)
D6 (input/output)
D5 (input/output)
D4 (input/output)
D3 (input/output)
D2 (input/output)
D1 (input/output)
DO (input/output)

Figure 9.16 Port E Pin Functions (Modes 4 to 6)
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(2) Mode 7

In mode 7, port E functions as an I/O port, and input or output can be specified bit by bit. Setting a
PEDDR bit to 1 makes the corresponding port E pin an output port, while clearing the bit to 0
makes the pin an input port.

Port E pin functions in mode 7 are shown in figure 9.17.

~—>» PE7 (input/output)
~+—» PEG (input/output)
~+— PE5 (input/output)
Port E |[-—» PE4 (input/output)
~—» PE3 (input/output)
~+—> PE2 (input/output)

—— PE1 (input/output)

~—>» PEOQ (input/output)

Figure 9.17 Port E Pin Functions (Mode 7)

9.11.4  MOS Input Pull-Up Function

Port E has an on-chip MOS input pull-up function that can be controlled by software. MOS input
pull-up can be used in modes 4 to 6 in 8-bit bus mode, or in mode 7, and can be specified as on or
off for individual bits.

With the port input pin function (modes 4 to 6 in 8-bit bus mode, or mode 7), when a PEDDR bit
is cleared to 0, setting the corresponding PEPCR bit to 1 turns on the MOS input pull-up for that

pin.

The MOS input pull-up function is in the off state after a power-on reset and in hardware standby
mode. The previous state is retained after a manual reset and in software standby mode.

Table 9.21 summarizes the MOS input pull-up states.
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Table 9.21 MOS Input Pull-Up States (Port E)

Hardware Software

Power-On Standby Manual Standby  In Other
Pins Reset Mode Reset Mode Operations
Data input/output (modes 4 to 6 OFF OFF OFF OFF OFF
with 16-bit bus), port output (modes
4 to 6 with 8-bit bus, mode 7)
Port input (modes 4 to 6 with 8-bit OFF OFF ON/OFF  ON/OFF  ON/OFF
bus, mode 7)
Legend:

OFF: MOS input pull-up is always off.
ON/OFF: On when PEDDR = 0 and PEPCR = 1; otherwise off.
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9.12 Port F

9.12.1 Overview

Port F is an 8-bit I/O port. Port F pins also function as external interrupt input pins (IRQ2 and
IRQ3), bus control signal I/0 pins (AS, RD, HWR, LWR, WAIT, BREQ, and BACK), and the

system clock (¢) output pin.

The interrupt input pins (IRQ2 and IRQ3) are Schmitt-triggered inputs.

Figure 9.18 shows the port F pin configuration.

Port F pins Pin functions in mode 7
PF7/¢ PF7 (input)/¢ (output)
PF6/AS PF6 (input/output)
PF5/RD PF5 (input/output)

Port F PF4/HWR PF4 (input/output)
PF3/LWR/IRQ3 PF3 (input/output)/TRQ3 (input)
PF2/WAIT PF2 (input/output)
PF1/BACK PF1 (input/output)

~—» PFO/BREQ/TRQ2 PFO (input/output)/TRQ2 (input)

Pin functions in modes 4 to 6
PF7 (input)/¢ (output)

AS (output)

RD (output)

HWR (output)

PF3 (input/output)/LWR (output)/IRQ3 (input)
PF2 (input/output)/WAIT (input)

PF1 (input/output)/BACK (output)

PFO (input/output)/BREQ (input)/TRQ2 (input)

Figure 9.18 Port F Pin Functions
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9.12.2  Register Configuration
Table 9.22 shows the port F register configuration.

Table 9.22 Port F Registers

Name Abbreviation R/W Initial Value  Address™
Port F data direction register PFDDR W H'80/H'00™* H'FE3E
Port F data register PFDR R/W H'00 H'FFOE
Port F register PORTF R Undefined H'FFBE

Notes: 1. Lower 16 bits of the address.

2. Initial value depends on the mode. Initialized to H'80 in modes 4 to 6, and to H'00 in
mode 7.

(1) Port F Data Direction Register (PFDDR)

Bit : 7 6 5 4 3 2 1 0
|PF7DDR| PF6DDR| PF5DDR| PF4DDR| PF3DDR|PF2DDR | PF1 DDR| PFODDR‘

Modes 410 6 :

Initial value : 1 0 0 0 0 0 0 0

R/W : w w w w w w w

Mode 7

Initial value : 0 0 0 0 0 0 0 0

R/W : w w w w w w w

PFDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port F. PFDDR cannot be read; if it is, an undefined value will be read.

Setting a PFDDR bit to 1 makes the corresponding port C pin an output pin, while clearing the bit
to 0, makes the pin an input pin. Since this register is a write-only register, do not use bit
manipulation instructions to write to this register. See section 2.10.4, Access Methods for
Registers with Write-Only Bits.

PFDDR is initialized to H'80 (modes 4 to 6) or H'00 (mode 7) by a power-on reset and in hardware
standby mode. It retains its previous state after a manual reset and in software standby mode. The
OPE bit in SBYCR is used to select whether the bus control output pins retain their output state or
become high-impedance when a transition is made to software standby mode.
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(a) Modes 4 to 6
Pin PF7 functions as the ¢ output pin when the corresponding PFDDR bit is set to 1, and as an
input port when the bit is cleared to 0.
The input/output direction specification in PFDDR is ignored for pins PF6 to PF3, which are
automatically designated as bus control outputs (AS, RD, HWR, and LWR).

Pins PF2 to PFO are made bus control input/output pins (WAIT, BACK, and BREQ) by bus
controller settings. Otherwise, setting a PFDDR bit to 1 makes the corresponding pin an output
port, while clearing the bit to 0 makes the pin an input port.

(b) Mode 7

Setting a PFDDR bit to 1 makes the corresponding port F pin PF6 to PFO an output port, or in
the case of pin PF7, the ¢ output pin. Clearing the bit to 0 makes the pin an input port.

(2) Port F Data Register (PFDR)

Bit : 7 6 5 4 3 2 1 0

| PF7DR | PF6DR| PF5DR | PF4DR | PF3DR | PF2DR | PF1DR | PFODR ‘
Initial value : 0 0 0 0 0 0 0 0
R/W : R R/W R/W R/W R/W R/W R/W R/W

PFDR is an 8-bit readable/writable register that stores output data for the port F pins (PF6 to PFO).

PFDR is initialized to H'00 by a power-on reset and in hardware standby mode. It retains its
previous state after a manual reset and in software standby mode.

(3) Port F Register (PORTF)

Bit : 7 6 5 4 3 2 1 0

| PF7 | PF6 | PF5 | PF4 | PF3 | PF2 | PF1 | PFO |
Initial value : —* —* —* —* —* —* —* —*
R/W : R R R R R R R R

Note: * Determined by the state of pins PF7 to PFO.
PORTF is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port F pins (PF7 to PF0O) must always be performed on PFDR.

If a port F read is performed while PFDDR bits are set to 1, the PFDR values are read. If a port F
read is performed while PFDDR bits are cleared to 0, the pin states are read.
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After a power-on reset and in hardware standby mode, PORTF contents are determined by the pin
states, as PFDDR and PFDR are initialized. PORTF retains its previous state after a manual reset

and in software standby mode.

9.12.3 Pin Functions

Port F pins also function as external interrupt input pins (IRQ2 and IRQ3), bus control signal I/O
pins (AS, RD, HWR, LWR, WAIT, BREQ, and BACK), and the system clock (¢) output pin. The
pin functions differ between modes 4 to 6 and mode 7. Port F pin functions are shown in table

9.23.

Table 9.23 Port F Pin Functions

Pin Pin Functions and Selection Method
PF7/¢ The pin function is switched as shown below according to bit PF7DDR.
PF7DDR 0 1
Pin function PF7 input ¢ output
PF6/AS The pin function is switched as shown below according to the operating mode and bit
PF6DDR.
Operating mode Modes 4 to 6 Mode 7
PF6DDR — 0 1
Pin function AS output PF6 input PF6 output
PF5/RD The pin function is switched as shown below according to the operating mode and bit
PF5DDR.
Operating mode Modes 4 to 6 Mode 7
PF5DDR — 0 1
Pin function RD output PF5 input PF5 output
PF4/HWR The pin function is switched as shown below according to the operating mode and bit

PF4DDR.

Operating mode Modes 4 to 6 Mode 7

PF4DDR — 0 1

Pin function HWR output PF4 input PF4 output
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Pin Pin Functions and Selection Method
ﬂW/ The pin function is switched as shown below according to the operating mode, the bus
IRQ3 mode, and bit PF3DDR.
Operating mode Modes 4 to 6 Mode 7
Bus mode 16-bit bus 8-bit bus mode —
mode
PF3DDR — 0 1 0 1
Pin function LWR output| PF3input | PF3 output | PF3input | PF3 output
IRQ3 input*
Note: * When used as an external interrupt input pin, do not use as an I/O pin for
another function.
PF2/WAIT The pin function is switched as shown below according to the operating mode, bit
WAITE, and bit PF2DDR.
Operating mode Modes 4 to 6 Mode 7
WAITE 0 1 —
PF2DDR 0 1 — 0 1
Pin function PF2 input | PF2 output | WAIT input | PF2 input | PF2 output

PF1/BACK/ The pin function is switched as shown below according to the operating mode, bit

BUZZ BRLE, bit BUZZE in PFCR, and bit PF1DDR.
Operating mode Modes 4 to 6 Mode 7
BRLE 0 1 —
PF1DDR 0 1 — 0 1
Pin function PF1 PF1 output | BACK output PF1 PF1 output
input input

PFO/BREQ/ The pin function is switched as shown below according to the operating mode, bit

IRQ2 BRLE, and bit PFODDR.
Operating mode Modes 4 to 6 Mode 7
BRLE 0 1 —
PFODDR 0 1 — 0 1
Pin function PFO input | PFO output | BREQ input| PFO input | PFO output
IRQ2 input™*

Note: * When used as an external interrupt input pin, do not use as an I/O pin for
another function.
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9.13 Port G

9.13.1 Overview

Port G is a 5-bit I/O port. Port G pins also function as external interrupt input pins (IRQ6 and
IRQ7) and bus control signal output pins (CSO to CS3).

The interrupt input pins (IRQ6 and IRQ7) are Schmitt-triggered inputs.

Figure 9.19 shows the port G pin configuration.

Port G pins Pin functions in modes 4 to 6
—» PG4/CS0 PG4 (input)/CS0 (output)
<= PG3/CST input)/CS1
Port G GS/i PG3 (mput)/ﬁ (output)
~—>» PG2/CS2 PG2 (input)/CS2 (output)

~— PG1/CS3/IRQ7 PG1 (input)/CS3 (output)/IRQ7 (input)
~— PGO0/IRQ6 PGO (input/output)/IRQ6 (input)

Pin functions in mode 7

PG4 (input/output)
PG3 (input/output)
PG2 (input/output)
PG1 (input/output)/IRQ7 (input)
PGO (input/output)/IRQ6 (input)

Figure 9.19 Port G Pin Functions
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9.13.2  Register Configuration
Table 9.24 shows the port G register configuration.

Table 9.24 Port G Registers

Name Abbreviation R/W Initial Value™ Address™
Port G data direction register PGDDR W H'10/H'00™* H'FE3F
Port G data register PGDR R/W H'00 H'FFOF
Port G register PORTG R Undefined H'FFBF

Notes: 1. Lower 16 bits of the address.
2. Value of bits 4 to 0.

3. Initial value depends on the mode. Initialized to H'10 in modes 4 and 5, and to H'00 in
modes 6 and 7.

(1) Port G Data Direction Register (PGDDR)

Bit : 7 6 5 4 3 2 1 0
| — | — | — |PG4DDR|PG3DDR|PG2DDR|PG1DDR|PGODDR|
Modes 4 and 5 :

Initial value : Undefined Undefined Undefined 1 0 0 0 0
R/W : — — — W

Modes 6 and 7 :

Initial value : Undefined Undefined Undefined 0 0 0 0 0
R/W : — — — W w w

PGDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port G. PGDDR cannot be read. Also, bits 7 to 5 are reserved, and will return an undefined
value if read.

Setting a PGDDR bit to 1 makes the corresponding port C pin an output pin, while clearing the bit
to 0, makes the pin an input pin. Since this register is a write-only register, do not use bit
manipulation instructions to write to this register. See section 2.10.4, Access Methods for
Registers with Write-Only Bits.

Bit PG4DDR is initialized to 1 (modes 4 and 5) or O (modes 6 and 7) by a power-on reset and in
hardware standby mode. PGDDR retains its previous state after a manual reset and in software
standby mode. The OPE bit in SBYCR is used to select whether the bus control output pins retain
their output state or become high-impedance when a transition is made to software standby mode.
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(a) Modes 4 to 6

Pins PG4 to PG1 function as bus control signal output pins (CSO to CS3) when the
corresponding PGDDR bits are set to 1, and as input ports when the bits are cleared to 0.

Pin PGO functions as an output port when the corresponding PGDDR bit is set to 1, and as an
input port when the bit is cleared to 0.

(b) Mode 7
Setting a PGDDR bit to 1 makes the corresponding pin an output port, while clearing the bit to
0 makes the pin an input port.

(2) Port G Data Register (PGDR)

Bit : 7 6 5 4 3 2 1 0
— — — PG4DR | PG3DR | PG2DR | PG1DR | PGODR

Initial value : Undefined Undefined Undefined 0 0 0 0 0

R/W : — — — R/W R/W R/W R/W R/W

PGDR is an 8-bit readable/writable register that stores output data for the port G pins (PG4 to
PGO).

Bits 7 to 5 are reserved; these bits cannot be modified and will return an undefined value if read.

PGDR is initialized to H'00 (bits 4 to 0) by a power-on reset and in hardware standby mode. It
retains its previous state after a manual reset and in software standby mode.

(3) Port G Register (PORTG)

Bit : 7 6 5 4 3 2 1 0
— — — PG4 PG3 PG2 PG1 PGO

Initial value : Undefined Undefined Undefined = —* —k —* —* —k

R/W : — — — R R R R R

Note: * Determined by the state of pins PG4 to PGO.

PORTG is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port G pins (PG4 to PG0) must always be performed on PGDR.

Bits 7 to 5 are reserved; these bits cannot be modified and will return an undefined value if read.
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If a port G read is performed while PGDDR bits are set to 1, the PGDR values are read. If a port G
read is performed while PGDDR bits are cleared to 0, the pin states are read.

After a power-on reset and in hardware standby mode, PORTG contents are determined by the pin
states, as PGDDR and PGDR are initialized. PORTG retains its previous state after a manual reset
and in software standby mode.

9.13.3 Pin Functions

Port G pins also function as external interrupt input pins (IRQ6 and IRQ7) and bus control signal
output pins (CSO to CS3). The pin functions differ between modes 4 to 6 and mode 7. Port G pin
functions are shown in table 9.25.

Table 9.25 Port G Pin Functions

Pin Pin Functions and Selection Method
PG4/CS0  The pin function is switched as shown below according to the operating mode and bit
PG4DDR.
Operating mode Modes 4 to 6 Mode 7
PG4DDR 0 1 0 1
Pin function PG4 input CSO0 output PG4 input PG4 output

PG3/CS1 The pin function is switched as shown below according to the operating mode and bit

PG3DDR.

Operating mode Modes 4 to 6 Mode 7

PG3DDR 0 1 0 1

Pin function PGS input CS1 output PGS input PGS output

PG2/CS2 The pin function is switched as shown below according to the operating mode and bit

PG2DDR.

Operating mode Modes 4 to 6 Mode 7

PG2DDR 0 1 0 1

Pin function PG2 input CS2 output PG2 input PG2 output
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Pin Pin Functions and Selection Method

PG1/CS3/ The pin function is switched as shown below according to the operating mode and bit
IRQ7 PG1DDR.

Operating mode Modes 4 to 6 Mode 7

PG1DDR 0 1 0 1

Pin function PG1 input CS3 output PG1 input PG1 output
IRQ7 input™®

Note: * When used as an external interrupt input pin, do not use as an I/O pin for
another function.

PGO/IRQ6 The pin function is switched as shown below according to bit PGODDR.
PGODDR 0 1

Pin function PGO input PGO output
IRQ6 input™

Note: * When used as an external interrupt input pin, do not use as an I/O pin for
another function.
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9.14 Handling of Unused Pins
Unused input pins must be held at either the high level or the low level.

Input pins in CMOS devices are usually high-impedance inputs. If an unused pin is operated in the
open state, it is possible that intermediate levels could be generated by induction from peripheral
noise, and through currents could occur internally. This could lead to incorrect operation. Unused
input pins must be handled as listed in table 9.26

Table 9.26 Handling of Unused Input Pins

Pin Name Pin Handling Example

Port 1 Connect each pin, through a resistor, to either VCC (pull up) or to VSS (pull down).
Port 3
Port 4
Port 7

Port 9 Connect each pin, through a resistor, to either AVCC (pull up) or to AVSS (pull down).

Port A Connect each pin, through a resistor, to either VCC (pull up) or to VSS (pull down).
Port B
Port C
Port D
Port E
Port F
Port G
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Section 10 16-Bit Timer Pulse Unit (TPU)

10.1 Overview

The H8S/2214 Group has an on-chip 16-bit timer pulse unit (TPU) comprising three 16-bit timer
channels.

10.1.1 Features

e Can input/output a maximum of 8 pulses

— A total of 8 timer general registers (TGRs) are provided (four each for channel 0, and two
each for channels 1 and 2), each of which can be set independently as an output
compare/input capture register

— TGRC and TGRD for channel O can also be used as buffer registers
e Selection of 8 counter input clocks for each channel
e The following operations can be set for each channel:
— Waveform output at compare match: Selection of 0, 1, or toggle output
— Input capture function: Selection of rising edge, falling edge, or both edge detection
— Counter clear operation: Counter clearing possible by compare match or input capture
— Synchronous operation: Multiple timer counters (TCNT) can be written to simultaneously
Simultaneous clearing by compare match and input capture possible
Register simultaneous input/output possible by counter synchronous operation
— PWM mode: Any PWM output duty can be set
Maximum of 7-phase PWM output possible by combination with synchronous operation
e Buffer operation settable for channel 0
— Input capture register double-buffering possible
— Automatic rewriting of output compare register possible
e Phase counting mode settable independently for each of channels 1 and 2
— Two-phase encoder pulse up/down-count possible
e SCIO baud rate clock generation by channels 1 and 2

— An SCIO baud rate clock can be generated using an AND circuit for TITOCA1 output and
TIOCA2 output

e Fast access via internal 16-bit bus
— Fast access is possible via a 16-bit bus interface
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e 13 interrupt sources
— For channel 0, four compare match/input capture dual-function interrupts and one overflow
interrupt can be requested independently
— For channels 1 and 2 two compare match/input capture dual-function interrupts, one
overflow interrupt, and one underflow interrupt can be requested independently
e Automatic transfer of register data
— Block transfer, 1-word data transfer, and 1-byte data transfer possible by data transfer
controller (DTC) and DMA controller (DMAC) activation
e Module stop mode can be set
— As the initial setting, TPU operation is halted. Register access is enabled by exiting module
stop mode.

Table 10.1 lists the functions of the TPU.
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Table 10.1 TPU Functions

Item Channel 0 Channel 1 Channel 2

Count clock Al ¢/ Al
o4 o4 o4
/16 /16 /16
/64 $/64 /64
TCLKA $/256 /1024
TCLKB TCLKA TCLKA
TCLKC TCLKB TCLKB
TCLKD TCLKC

General registers TGROA TGR1A TGR2A
TGROB TGR1B TGR2B

General registers/ TGROC — —

buffer registers TGROD

1/O pins TIOCAO TIOCA1 TIOCA2
TIOCBO TIOCBH1 TIOCB2
TIOCCO
TIOCDO

Counter clear

TGR compare match or TGR compare match or

TGR compare match or

function input capture input capture input capture
Compare 0 output 0 0 0
match
1 output
output P © © ©
Toggle o) o) )
output
Input capture o) e) @)
function
Synchronous o) o) o)
operation
PWM mode o) o) o)
Phase counting — e} 0o
mode
Buffer operation o) — —

DTC activation

TGR compare match

or input capture

input capture

TGR compare match or TGR compare match or

input capture

DMAC activation TGROA compare TGR1A compare match TGR2A compare match
match or input capture or input capture or input capture

Legend:

O : Possible

— : Not possible
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Item

Channel 0

Channel 1

Channel 2

Interrupt sources

5 sources

e Compare match or
input capture OA

e Compare match or
input capture 0B

e Compare match or
input capture 0C

e Compare match or
input capture 0D

¢ Overflow

4 sources

e Compare match or
input capture 1A

e Compare match or
input capture 1B

¢ Overflow
e Underflow

4 sources

» Compare match or input
capture 2A

» Compare match or input
capture 2B

¢ Overflow
¢ Underflow

Rev.4.00 Sep. 18,2008 Page 362 of 872

REJ09B0189-0400

RENESAS



Section 10 16-Bit Timer Pulse Unit (TPU)

10.1.2  Block Diagram

Figure 10.1 shows a block diagram of the TPU.

Clock input
Internal clock: ¢/1
o/4
0/16
0/64 — i
/256 2 1E = g ~ > Internal data bus
[ =
/1024 =
o — 5
E| £ ||z -
External clock: TCLKA g 8 lJ) o e E
TCLKB P [$) il
TCLKC —
TCLKD x| |
MGl
°E = =l <|o
= <{5|5|%
5] o« o 7O|O|O
c | o =1 ==
O|o|0|WKa
Input/output pins FIFF I8 Interrupt request signals
Channel 0:  TIOCAO ——5 Channel 0: TGIOA
TIOCBO x|l [ B TGIOB
TIOCCO N —|8] |2 TGIOC
2 g|F| |7 Elx| & TGIOD
TIOCDO b K= € K Zlcl e
g clele TCIOV
Channel 1: — TIOCA1 2 Slx|lx|c | F|F
TIOCB1 £ S|C|BIE Channel 1: TGHA
Channel 2: | - TIOCA2 g TGIB
TIOCB2 5 P TCIV
E olQlx <f:/E)C> TCIHU
> 5|22 —l<|mlola Channel 2: TGI2A
3 - s G| 5| 5| & TGI2B
g HME: o|lo|o|6|6
=] c | o Ll N Nl N TCl2v
c 518 @il Cl2
l 3 FIRIF TCI2U
SCKO (to SCI0)
Legend: i )
TSTR: Timer start register TIOR (H, L): Timer 1/O control registers (H, L)
TSYR: Timer synchro register TIER: Timer interrupt enable register
TCR: Timer control register TSR: Timer status register

TMDR: Timer mode register TGR (A, B, C, D): Timer general registers (A, B, C, D)

Figure 10.1 Block Diagram of TPU
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10.1.3  Pin Configuration
Table 10.2 summarizes the TPU pins.

Table 10.2 TPU Pins

Channel Name Symbol /O Function
All Clock input A TCLKA  Input  External clock A input pin
(Channel 1 phase counting mode A phase
input)
Clock input B TCLKB  Input  External clock B input pin
(Channel 1 phase counting mode B phase
input)
Clock input C TCLKC Input  External clock C input pin
(Channel 2 phase counting mode A phase
input)
Clock input D TCLKD Input  External clock D input pin
(Channel 2 phase counting mode B phase
input)
0 Input capture/out TIOCAO 1/0O TGROA input capture input/output compare
compare match AO output/PWM output pin
Input capture/out TIOCBO 1/0O TGROB input capture input/output compare
compare match BO output/PWM output pin
Input capture/out TIOCCO 1/O TGROC input capture input/output compare
compare match CO output/PWM output pin
Input capture/out TIOCDO 1/O TGROD input capture input/output compare
compare match DO output/PWM output pin
1 Input capture/out TIOCA1 1/O TGR1A input capture input/output compare
compare match A1 output/PWM output pin
Input capture/out TIOCB1 1/O TGR1B input capture input/output compare
compare match B1 output/PWM output pin
2 Input capture/out TIOCA2 1/0 TGR2A input capture input/output compare
compare match A2 output/PWM output pin
Input capture/out TIOCB2 1/O TGR2B input capture input/output compare

compare match B2

output/PWM output pin
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10.14  Register Configuration
Table 10.3 summarizes the TPU registers.

Table 10.3 TPU Registers

Channel Name Abbreviation R/W Initial Value Address™
0 Timer control register 0 TCRO R/W H'00 H'FF10
Timer mode register 0 TMDRO R/W H'CO H'FF11
Timer I/O control register OH TIOROH R/W H'00 H'FF12
Timer I/O control register OL TIOROL R/W H'00 H'FF13
Timer interrupt enable register 0 TIERO R/W H'40 HFF14
Timer status register 0 TSRO R/(W)** H'CO H'FF15
Timer counter 0 TCNTO R/W H'0000 H'FF16
Timer general register 0A TGROA R/W H'FFFF H'FF18
Timer general register 0B TGROB R/W H'FFFF H'FF1A
Timer general register 0C TGROC R/W H'FFFF H'FF1C
Timer general register 0D TGROD R/W H'FFFF H'FF1E
1 Timer control register 1 TCR1 R/W H'00 H'FF20
Timer mode register 1 TMDR1 R/W H'CO H'FF21
Timer 1/O control register 1 TIOR1 R/W H'00 H'FF22
Timer interrupt enable register 1 TIER1 R/W H'40 H'FF24
Timer status register 1 TSR1 R/(W)** H'CO H'FF25
Timer counter 1 TCNT1 R/W H'0000 H'FF26
Timer general register 1A TGR1A R/W H'FFFF H'FF28
Timer general register 1B TGR1B R/W H'FFFF H'FF2A
2 Timer control register 2 TCR2 R/W H'00 H'FF30
Timer mode register 2 TMDR2 R/W H'CO H'FF31
Timer I/O control register 2 TIOR2 R/W H'00 H'FF32
Timer interrupt enable register 2 TIER2 R/W H'40 H'FF34
Timer status register 2 TSR2 R/(W)** H'CO H'FF35
Timer counter 2 TCNT2 R/W H'0000 H'FF36
Timer general register 2A TGR2A R/W H'FFFF H'FF38
Timer general register 2B TGR2B R/W H'FFFF H'FF3A
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Channel Name Abbreviation R/W Initial Value Address™

All Timer start register TSTR R/W H'00 H'FEBO
Timer synchro register TSYR R/W H'00 H'FEB1
Module stop control register A MSTPCRA R/W H'3F H'FDES8

Notes: 1. Lower 16 bits of the address.
2. Can only be written with O for flag clearing.

10.2  Register Descriptions

10.2.1 Timer Control Register (TCR)

Channel 0: TCRO

Bit : 7 6 5 4 3 2 1 0
CCLR2 | CCLR1 | CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Channel 1: TCR1
Channel 2: TCR2

Bit : 7 6 5 4 3 2 1 0
— CCLR1 | CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO

Initial value : 0 0 0 0 0 0 0 0

R/W : — R/W R/W R/W R/W R/W R/W R/W

The TCR registers are 8-bit registers that control the TCNT channels. The TPU has three TCR
registers, one for each of channels O to 2. The TCR registers are initialized to H'00 by a reset, and
in hardware standby mode.
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Bits 7 to 5—Counter Clear 2 to 0 (CCLR2 to CCLRO0): These bits select the TCNT counter

clearing source.

Bit 7 Bit 6 Bit 5
Channel CCLR2 CCLR1 CCLRO Description
0 0 0 0 TCNT clearing disabled (Initial value)
1 TCNT cleared by TGRA compare match/input
capture
1 0 TCNT cleared by TGRB compare match/input
capture
1 TCNT cleared by counter clearing for another
channel performing synchronous clearing/
synchronous operation™’
1 0 0 TCNT clearing disabled
TCNT cleared by TGRC compare match/input
capture™
1 0 TCNT cleared by TGRD compare match/input
capture™
1 TCNT cleared by counter clearing for another
channel performing synchronous clearing/
synchronous operatio™'
Bit 7 Bit 6 Bit 5
Channel Reserved™ CCLR1 CCLRO Description
1,2 0 0 0 TCNT clearing disabled (Initial value)
1 TCNT cleared by TGRA compare match/input
capture
1 0 TCNT cleared by TGRB compare match/input

capture

TCNT cleared by counter clearing for another
channel performing synchronous clearing/
synchronous operation™'

Notes: 1. Synchronous operation setting is performed by setting the SYNC bit in TSYR to 1.

2. When TGRC or TGRD is used as a buffer register, TCNT is not cleared because the
buffer register setting has priority, and compare match/input capture does not occur.

3. Bit 7 is reserved in channels 1 and 2. It is always read as 0 and cannot be modified.
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Bits 4 and 3—Clock Edge 1 and 0 (CKEG1, CKEG0): These bits select the input clock edge.
When the input clock is counted using both edges, the input clock period is halved (e.g. $/4 both
edges = ¢/2 rising edge). If phase counting mode is used on channels 1 and 2, this setting is
ignored and the phase counting mode setting has priority.

Bit 4 Bit 3

CKEG1 CKEGO Description

0 0 Count at rising edge (Initial value)
1 Count at falling edge

1 — Count at both edges

Note: Internal clock edge selection is valid when the input clock is ¢/4 or slower. This setting is
ignored if the input clock is ¢/1, or when overflow/underflow of another channel is selected.
(Counting occurs on the falling edge of ¢ when ¢/1 is selected.)

Bits 2 to 0—Time Prescaler 2 to 0 (TPSC2 to TPSCO0): These bits select the TCNT counter
clock. The clock source can be selected independently for each channel. Table 10.4 shows the
clock sources that can be set for each channel.

Table 10.4 TPU Clock Sources

Channel Internal Clock External Clock
Channel ¢/1 /4 ®/16  ¢/64  §/256 /1024 $/4096 TCLKA TCLKB TCLKC TCLKD
0 o} o} o} o} o) o} ¢} o}

1 ¢} ¢} ¢} ¢} o) ¢} ¢}

2 o} o} o} o} o) ¢} o} ¢}

Legend:

O: Setting

Blank: No setting
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Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
0 0 0 0 Internal clock: counts on ¢/1 (Initial value)
1 Internal clock: counts on ¢/4
1 0 Internal clock: counts on ¢/16
1 Internal clock: counts on ¢/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input
1 External clock: counts on TCLKD pin input
Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
1 0 0 0 Internal clock: counts on ¢/1 (Initial value)
1 Internal clock: counts on ¢/4
1 0 Internal clock: counts on ¢/16
1 Internal clock: counts on ¢/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 Internal clock: counts on ¢/256

1

Setting prohibited

Note: This setting is ignored when channel 1 is in phase counting mode.

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSCH1 TPSCO Description
2 0 0 0 Internal clock: counts on ¢/1 (Initial value)
1 Internal clock: counts on ¢/4
1 0 Internal clock: counts on ¢/16
1 Internal clock: counts on ¢/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input

1

Internal clock: counts on ¢/1024

Note: This setting is ignored when channel 2 is in phase counting mode.
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10.2.2 Timer Mode Register (TMDR)

Channel 0: TMDRO

Bit : 7 6 5 4 3 2 1 0
— — BFB BFA MD3 MD2 MD1 MDO

Initial value : 1 1 0 0 0 0 0 0

R/W : — — R/W R/W R/W R/W R/W R/W

Channel 1: TMDR1

Channel 2: TMDR2

Bit : 7 6 5 4 3 2 1 0
— — — — MDS3 MD2 MD1 MDO

Initial value : 1 1 0 0 0 0 0 0

R/W : — — — — R/W R/W R/W R/W

The TMDR registers are 8-bit readable/writable registers that are used to set the operating mode
for each channel. The TPU has three TMDR registers, one for each channel. The TMDR registers

are initialized to H'CO by a reset, and in hardware standby mode.

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

Bit 5—Buffer Operation B (BFB): Specifies whether TGRB is to operate in the normal way, or
TGRB and TGRD are to be used together for buffer operation. When TGRD is used as a buffer

register, TGRD input capture/output compare is not generated.

In channels 1 and 2 which have no TGRD, bit 5 is reserved. It is always read as 0 and cannot be

modified.

Bit5

BFB Description

0 TGRB operates normally (Initial value)
1 TGRB and TGRD used together for buffer operation
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Bit 4—Buffer Operation A (BFA): Specifies whether TGRA is to operate in the normal way, or
TGRA and TGRC are to be used together for buffer operation. When TGRC is used as a buffer
register, TGRC input capture/output compare is not generated.

In channels 1 and 2 which have no TGRC, bit 4 is reserved. It is always read as 0 and cannot be
modified.

Bit 4

BFA Description

0 TGRA operates normally (Initial value)
1 TGRA and TGRC used together for buffer operation

Bits 3 to 0—Modes 3 to 0 (MD3 to MDO0): These bits are used to set the timer operating mode.

Bit 3 Bit 2 Bit 1 Bit 0
MD3 MD2 MD1 MDO Description

0 0 0 0 Normal operation (Initial value)
1 Reserved
1 0 PWM mode 1
1 PWM mode 2
1 0 0 Phase counting mode 1
1 Phase counting mode 2
1 0 Phase counting mode 3
1 Phase counting mode 4
1 * * * —
Legend:
*: Don’t care

Notes: 1. MDS is a reserved bit. In a write, it should always be written with 0.

2. Phase counting mode cannot be set for channel 0. In this case, 0 should always be
written to MD2.
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10.2.3 Timer I/O Control Register (TIOR)

Channel 0: TIOROH
Channel 1: TIOR1
Channel 2: TIOR2

Bit : 7 6 5 4 3 2 1 0
I0B3 10B2 10B1 I0BO IOA3 I0A2 I0A1 IOAO

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Channel 0: TIOROL

Bit : 7 6 5 4 3 2 1 0
I0D3 IOD2 | 10D1 IODO | 10C3 | I0C2 I0CH1 10CO

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Note: When TGRC or TGRD is designated for buffer operation, this setting is invalid and the
register operates as a buffer register.

The TIOR registers are 8-bit registers that control the TGR registers. The TPU has four TIOR
registers, two each for channel 0, and one each for channels 1 and 2. The TIOR registers are
initialized to H'00 by a reset, and in hardware standby mode.

Care is required since TIOR is affected by the TMDR setting. The initial output specified by TIOR
is valid when the counter is stopped (the CST bit in TSTR is cleared to 0). Note also that, in PWM
mode 2, the output at the point at which the counter is cleared to 0 is specified.
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Bits 7 to 4— 1/O Control B3 to B0 (I0B3 to I0B0)

1/0 Control D3 to DO (I0D3 to IOD0):

Bits IOB3 to IOBO specify the function of TGRB.
Bits IOD3 to IODO specify the function of TGRD.

Bit7 Bit6 Bit5 Bit4

Channel 10B3 10B2 I0B1 10B0 Description
0 0 0 0 0 TGROB is Output disabled (Initial value)
1 output Initial output is 0 0 output at compare match
compare output
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial output is 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGROB is Capture input Input capture at rising edge
1 input source is Input capture at falling edge
capture  TIOCBO pin P s g9
1 register Input capture at both edges
1 * * Setting prohibited
Legend:
*: Don’t care

Rev.4.00 Sep. 18, 2008 Page 373 of 872

RENESAS

REJ09B0189-0400



Section 10 16-Bit Timer Pulse Unit (TPU)

Bit7 Bit6 Bit5 Bit4
Channel 10D3 I0D2 I0OD1 I0D0 Description

0 0 0 0 0 TGROD is Output disabled (Initial value)
1 output Initial output is 0 0 output at compare match
o o compare output
1 0 register™’ 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGROD is Capture input Input capture at rising edge
input source is Input capture at falling edge
capture  TIOCDO pin put captu Ing edg
1 * register*‘ Input capture at both edges
1 * * Setting prohibited
Legend:
*: Don’t care

Note: 1. When the BFB bit in TMDRO is set to 1 and TGROD is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Bit7 Bit6 Bit5 Bit4
Channel 10B3 10B2 I0B1 10B0 Description
1 0 0 0 0 TGR1B is Output disabled (Initial value)
1 output Initial output is 0 0 output at compare match
- compare output
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR1B is Capture input Input capture at rising edge
S input source is :
capture  TIOCBH pin Input capture at falling edge
1 * register Input capture at both edges
1 & * Setting prohibited
Legend:
*: Don’t care
Bit7 Bit6 Bit5 Bit4
Channel 10B3 10B2 I0B1 10B0 Description
2 0 0 0 0 TGR2B is Output disabled (Initial value)
1 output Initial output is 0 0 output at compare match
- compare output
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial output is 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR2B is Capture input Input capture at rising edge
4 input source is :
1 Input capt t fall
. capture TIOCB2 pin nput capture at falling edge
1 * register Input capture at both edges
Legend:
*: Don’t care
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Bits 3 to 0— I/O Control A3 to A0 (I0A3 to IOA0)
I/0 Control C3 to C0 (I0C3 to I0CO0):
IOA3 to IOAO specify the function of TGRA.
10C3 to IOCO specify the function of TGRC.

Bit3 Bit2 Bit1 Bit0

Channel I0A3 IOA2 IOA1 IOAO0 Description
0 0 0 0 0 TGROA is Output disabled (Initial value)
1 output Initial output is 0 0 output at compare match
- compare output
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 Output disabled
1 Initial output is 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGROA is Capture input Input capture at rising edge
1 input source is Input capture at falling edge
— capture TIOCAO pin P s gedg
1 * register Input capture at both edges
1 * * Setting prohibited
Legend:
*: Don’t care
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Bit3 Bit2 Bit1 Bit0
Channel 10C3 I0C2 I0C1 10CO Description
0 0 0 0 0 TGROC is Output disabled (Initial value)
1 output Initial output is 0 0 output at compare match
compare output
1 0 register™' 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGROC is Capture input Input capture at rising edge
input source is Input capture at falling edge
capture  TIOCCO pin P P gedg
1 * register*’ Input capture at both edges
1 & * Setting prohibited
Legend:
*: Don’t care
Note: 1. When the BFA bit in TMDRO is set to 1 and TGROC is used as a buffer register, this

setting is invalid and input capture/output compare is not generated.
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Bit3 Bit2 Bit1 Bit0
Channel I0A3 I0OA2 IOA1 IOAO0 Description
1 0 0 0 0 TGR1A is Output disabled (Initial value)
1 output Initial output is 0 0 output at compare match
compare output
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR1A is Capture input Input capture at rising edge
input source is Input capture at falling edge
capture  TIOCA1 pin P P 9edg
1 * register Input capture at both edges
1 & * Setting prohibited
Legend:
*: Don’t care
Bit3 Bit2 Bit1 Bit0
Channel I0A3 IOA2 IOA1 IOAO0 Description
2 0 0 0 0 TGR2A is Output disabled (Initial value)
1 output Initial output is 0 0 output at compare match
compare output
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial output is 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR2A is Capture input Input capture at rising edge
input source is Inout t t falli
capture  TIOCA2 pin nput capture at falling edge
1 * register Input capture at both edges
Legend:
*: Don’t care
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10.2.4  Timer Interrupt Enable Register (TIER)

Channel 0: TIERO

Bit : 7 6 5 4 3 2 1 0
— — — TCIEV | TGIED | TGIEC | TGIEB | TGIEA

Initial value : 0 1 0 0 0 0 0 0

R/W : R/W — — R/W R/W R/W R/W R/W

Channel 1: TIER1
Channel 2: TIER2

Bit : 7 6 5 4 3 2 1 0
— — TCIEU | TCIEV — — TGIEB | TGIEA

Initial value : 0 1 0 0 0 0 0 0

R/W : R/W — R/W R/W — — R/W R/W

The TIER registers are 8-bit registers that control enabling or disabling of interrupt requests for
each channel. The TPU has three TIER registers, one for each channel. The TIER registers are
initialized to H'40 by a reset, and in hardware standby mode.

Bit 7—Reserved: Only 0 should be written to this bit.
Bit 6—Reserved: Read-only bit, always read as 1.

Bit 5—Underflow Interrupt Enable (TCIEU): Enables or disables interrupt requests (TCIU) by
the TCFU flag when the TCFU flag in TSR is set to 1 in channels 1 and 2.

In channel O, bit 5 is reserved. It is always read as 0 and cannot be modified.

Bit5

TCIEU Description

0 Interrupt requests (TCIU) by TCFU disabled (Initial value)
1 Interrupt requests (TCIU) by TCFU enabled
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Bit 4—Overflow Interrupt Enable (TCIEV): Enables or disables interrupt requests (TCIV) by
the TCFV flag when the TCFV flag in TSR is set to 1.

Bit 4

TCIEV Description

0 Interrupt requests (TCIV) by TCFV disabled (Initial value)
1 Interrupt requests (TCIV) by TCFV enabled

Bit 3—TGR Interrupt Enable D (TGIED): Enables or disables interrupt requests (TGID) by the
TGFD bit when the TGFD bit in TSR is set to 1 in channel 0.

In channels 1 and 2, bit 3 is reserved. It is always read as 0 and cannot be modified.

Bit 3

TGIED Description

0 Interrupt requests (TGID) by TGFD bit disabled (Initial value)
1 Interrupt requests (TGID) by TGFD bit enabled

Bit 2—TGR Interrupt Enable C (TGIEC): Enables or disables interrupt requests (TGIC) by the
TGEFC bit when the TGFC bit in TSR is set to 1 in channel 0.

In channels 1 and 2, bit 2 is reserved. It is always read as 0 and cannot be modified.

Bit 2

TGIEC Description

0 Interrupt requests (TGIC) by TGFC bit disabled (Initial value)
1 Interrupt requests (TGIC) by TGFC bit enabled

Bit 1—TGR Interrupt Enable B (TGIEB): Enables or disables interrupt requests (TGIB) by the
TGFB bit when the TGFB bit in TSR is set to 1.

Bit 1

TGIEB Description

0 Interrupt requests (TGIB) by TGFB bit disabled (Initial value)
1 Interrupt requests (TGIB) by TGFB bit enabled
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Bit 0—TGR Interrupt Enable A (TGIEA): Enables or disables interrupt requests (TGIA) by the
TGFA bit when the TGFA bit in TSR is set to 1.

Bit 0

TGIEA Description

0 Interrupt requests (TGIA) by TGFA bit disabled (Initial value)
1 Interrupt requests (TGIA) by TGFA bit enabled

10.2.5 Timer Status Register (TSR)

Channel 0: TSRO

Bit : 7 6 5 4 3 2 1 0
— — — TCFV | TGFD | TGFC | TGFB | TGFA

Initial value : 1 1 0 0 0 0 0 0

R/W : — — —  RAW)*  RIW)*  RAW)*  R/AW)*  RAW)*

Channel 1: TSR1
Channel 2: TSR2

Bit : 7 6 5 4 3 2 1 0
TCFD — TCFU | TCFV — — TGFB | TGFA

Initial value : 1 1 0 0 0 0 0 0

R/W : R — R/(W)*  R/(W)* — — R/(W)*  R/(W)*

Note: * Can only be written with 0 for flag clearing.

The TSR registers are 8-bit registers that indicate the status of each channel. The TPU has three
TSR registers, one for each channel. The TSR registers are initialized to H'CO by a reset, and in
hardware standby mode.
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Bit 7—Count Direction Flag (TCFD): Status flag that shows the direction in which TCNT
counts in channels 1 and 2.

In channel O, bit 7 is reserved. It is always read as 1 and cannot be modified.

Bit 7

TCFD Description

0 TCNT counts down

1 TCNT counts up (Initial value)

Bit 6—Reserved: Read-only bit, always read as 1 and cannot be modified.

Bit 5—Underflow Flag (TCFU): Status flag that indicates that TCNT underflow has occurred
when channels land 2 are set to phase counting mode.

In channel 0, bit 5 is reserved. It is always read as 0 and cannot be modified.

Bit 5

TCFU Description

0 [Clearing condition] (Initial value)
e When 0 is written to TCFU after reading TCFU = 1

1 [Setting condition]

e When the TCNT value underflows (changes from H'0000 to H'FFFF)

Bit 4—Overflow Flag (TCFV): Status flag that indicates that TCNT overflow has occurred.

Bit 4

TCFV Description

0 [Clearing condition] (Initial value)
e When 0 is written to TCFV after reading TCFV = 1

1 [Setting condition]

e When the TCNT value overflows (changes from H'FFFF to H'0000 )
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Bit 3—Input Capture/Output Compare Flag D (TGFD): Status flag that indicates the
occurrence of TGRD input capture or compare match in channel 0.

In channels 1 and 2, bit 3 is reserved. It is always read as 0 and cannot be modified.

Bit 3
TGFD Description
0 [Clearing conditions] (Initial value)
e When DTC is activated by a TGID interrupt, the DTC module MRB register DISEL
bit is 0, and furthermore the transfer counter is not 0.
e When 0 is written to TGFD after reading TGFD = 1
1 [Setting conditions]

e When TCNT = TGRD while TGRD is functioning as output compare register

e When TCNT value is transferred to TGRD by input capture signal while TGRD is
functioning as input capture register

Bit 2—Input Capture/Output Compare Flag C (TGFC): Status flag that indicates the
occurrence of TGRC input capture or compare match in channel 0.

In channels land 2, bit 2 is reserved. It is always read as 0 and cannot be modified.

Bit 2
TGFC Description
0 [Clearing conditions] (Initial value)
e When DTC is activated by a TGIC interrupt, the DTC module MRB register DISEL
bit is 0, and furthermore the transfer counter is not 0.
e When 0 is written to TGFC after reading TGFC = 1
1 [Setting conditions]

e When TCNT = TGRC while TGRC is functioning as output compare register

e When TCNT value is transferred to TGRC by input capture signal while TGRC is
functioning as input capture register
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Bit 1—Input Capture/Output Compare Flag B (TGFB): Status flag that indicates the
occurrence of TGRB input capture or compare match.

Bit 1
TGFB Description
0 [Clearing conditions] (Initial value)
e When DTC is activated by a TGIB interrupt, the DTC module MRB register DISEL
bit is 0, and furthermore the transfer counter is not 0.
e When 0 is written to TGFB after reading TGFB = 1
1 [Setting conditions]

e When TCNT = TGRB while TGRB is functioning as output compare register

e When TCNT value is transferred to TGRB by input capture signal while TGRB is
functioning as input capture register

Bit 0—Input Capture/Output Compare Flag A (TGFA): Status flag that indicates the
occurrence of TGRA input capture or compare match.

Bit 0

TGFA Description

0 [Clearing conditions] (Initial value)
e When DTC is activated by a TGIA interrupt, the DTC module MRB register DISEL

bit is 0, and furthermore the transfer counter is not 0.

e When DMAC is activated by TGIA interrupt while DTA bit of DMABCR in DMAC is 1
e When 0 is written to TGFA after reading TGFA = 1

1 [Setting conditions]

e When TCNT = TGRA while TGRA is functioning as output compare register

e When TCNT value is transferred to TGRA by input capture signal while TGRA is
functioning as input capture register
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10.2.6 Timer Counter (TCNT)

Channel 0: TCNTO (up-counter)
Channel 1: TCNT1 (up/down-counter*)
Channel 2: TCNT2 (up/down-counter*)

Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initialvalue: 0 0 O0 0 O O O O O O O O O o0 o0 O
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/WR/W R/W

Note: * These counters can be used as up/down-counters only in phase counting mode.
In other cases they function as up-counters.

The TCNT registers are 16-bit counters. The TPU has three TCNT counters, one for each channel.
The TCNT counters are initialized to H'0000 by a reset, and in hardware standby mode.

The TCNT counters cannot be accessed in 8-bit units; they must always be accessed as a 16-bit
unit.

10.2.7 Timer General Register (TGR)

Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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/WR/W R/W

The TGR registers are 16-bit registers with a dual function as output compare and input capture
registers. The TPU has eight TGR registers, four each for channel 0 and two each for channels 1
and 2. TGRC and TGRD for channel 0 can also be designated for operation as buffer registers™.
The TGR registers are initialized to H'FFFF by a reset, and in hardware standby mode.

The TGR registers cannot be accessed in 8-bit units; they must always be accessed as a 16-bit unit.

Note: * TGR buffer register combinations are TGRA—TGRC and TGRB—TGRD.
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10.2.8 Timer Start Register (TSTR)

Bit : 7 6 5 4 3 2 1 0

| — | — | — | = | — |csr2]csmt|ecsmo|
Initial value : 0 0 0 0 0 0 0 0
R/W : — — — — — R/W R/W R/W

TSTR is an 8-bit readable/writable register that selects operation/stoppage for channels O to 2.
TSTR is initialized to H'00 by a reset, and in hardware standby mode.

TCNT counter operation must be halted before setting the operating mode in TMDR, or setting the
TCNT count clock in TCR.

Bits 7 to 3—Reserved: Should always be written with 0.

Bits 2 to 0—Counter Start 2 to 0 (CST2 to CSTO): These bits select operation or stoppage for

TCNT.

Bit n

CSTn Description

0 TCNTn count operation is stopped (Initial value)
1 TCNTn performs count operation

(n=2to 0)
Note: If O is written to the CST bit during operation with the TIOC pin designated for output, the
counter stops but the TIOC pin output compare output level is retained. If TIOR is written to
when the CST bit is cleared to 0, the pin output level will be changed to the set initial output
value.
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10.2.9 Timer Synchro Register (TSYR)

Bit : 7 6 5 4 3 2 1 0
= ] — [ — [ — | — [svca]swor|swoo]

Initial value : 0 0 0 0 0 0 0 0

R/W : — — — — — R/W R/W R/W

TSYR is an 8-bit readable/writable register that selects independent operation or synchronous
operation for the channels 0 to 2 TCNT counters. A channel performs synchronous operation
when the corresponding bit in TSYR is set to 1.

TSYR is initialized to H'0O by a reset, and in hardware standby mode.
Bits 7 to 3—Reserved: Should always be written with 0.

Bits 2 to 0—Timer Synchro 2 to 0 (SYNC2 to SYNCO0): These bits select whether operation is
independent of or synchronized with other channels.

When synchronous operation is selected, synchronous presetting of multiple channels™', and
synchronous clearing through counter clearing on another channel™ are possible.

Notes: 1. To set synchronous operation, the SYNC bits for at least two channels must be set to 1.

2. To set synchronous clearing, in addition to the SYNC bit , the TCNT clearing source
must also be set by means of bits CCLR2 to CCLRO in TCR.

Bitn
SYNCn Description
0 TCNTn operates independently (TCNT presetting/clearing is unrelated to
other channels) (Initial value)
1 TCNTn performs synchronous operation

TCNT synchronous presetting/synchronous clearing is possible

(n=2to 0)
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10.2.10 Module Stop Control Register A (MSTPCRA)

Bit L7 6 5 4 3 2 1 0

| MSTPA7 | MSTPAG| MSTPAS | MSTPA4| MSTPAS | MSTPA2| MSTPA1| MSTPAO|
Initial value : 0 0 1 1 1 1 1 1
R/W . RW RW RW RW RW RW  RW RW

MSTPCRA is a 16-bit readable/writable register that performs module stop mode control.

When the MSTPAS bit in MSTPCR s set to 1, TPU operation stops at the end of the bus cycle
and a transition is made to module stop mode. Registers cannot be read or written to in module
stop mode. For details, see section 17.5, Module Stop Mode.

MSTPCRA is initialized to H'3F by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 5—Module Stop (MSTPAS): Specifies the TPU module stop mode.

Bit5

MSTPA5 Description

0 TPU module stop mode cleared

1 TPU module stop mode set (Initial value)
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10.3 Interface to Bus Master

10.3.1 16-Bit Registers

TCNT and TGR are 16-bit registers. As the data bus to the bus master is 16 bits wide, these
registers can be read and written to in 16-bit units.

These registers cannot be read or written to in 8-bit units; 16-bit access must always be used.

An example of 16-bit register access operation is shown in figure 10.2.

Internal data bus

H
master ;] L [

> Module
> data bus

Bus interface

AN
|

| TCNTH | TCNTL |

VANDPAN

Figure 10.2 16-Bit Register Access Operation [Bus Master <> TCNT (16 Bits)]

10.3.2  8-Bit Registers

Registers other than TCNT and TGR are 8-bit. As the data bus to the CPU is 16 bits wide, these
registers can be read and written to in 16-bit units. They can also be read and written to in 8-bit
units.

Examples of 8-bit register access operation are shown in figures 10.3 to 10.5.
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Internal data bus
H

master : L [ Bus interface

> Module
> data bus

7S

VANDPAN

TCR

Figure 10.3 8-Bit Register Access Operation [Bus Master <> TCR (Upper 8 Bits)]

Internal data bus

H

master L Bus interface

—

> Module
> data bus

VNN

TMDR

Figure 10.4 8-Bit Register Access Operation [Bus Master <> TMDR (Lower 8 Bits)]

Internal data bus

Bus
master

> Module
> data bus

Bus interface

Il

VANZAN

T

TMDR

Figure 10.5 8-Bit Register Access Operation [Bus Master <> TCR and TMDR (16 Bits)]
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104  Operation

104.1  Overview
Operation in each mode is outlined below.
(1) Normal Operation

Each channel has a TCNT and TGR register. TCNT performs up-counting, and is also capable of
free-running operation, synchronous counting, and external event counting.

Each TGR can be used as an input capture register or output compare register.
(2) Synchronous Operation

When synchronous operation is designated for a channel, TCNT for that channel performs
synchronous presetting. That is, when TCNT for a channel designated for synchronous operation
is rewritten, the TCNT counters for the other channels are also rewritten at the same time.
Synchronous clearing of the TCNT counters is also possible by setting the timer synchronization
bits in TSYR for channels designated for synchronous operation.

(3) Buffer Operation

e When TGR is an output compare register

When a compare match occurs, the value in the buffer register for the relevant channel is
transferred to TGR.

e When TGR is an input capture register

When input capture occurs, the value in TCNT is transfer to TGR and the value previously
held in TGR is transferred to the buffer register.

(4) PWM Mode

In this mode, a PWM waveform is output. The output level can be set by means of TIOR. A PWM
waveform with a duty of between 0% and 100% can be output, according to the setting of each
TGR register.

(5) Phase Counting Mode

In this mode, TCNT is incremented or decremented by detecting the phases of two clocks input
from the external clock input pins in channels 1 and 2. When phase counting mode is set, the
corresponding TCLK pin functions as the clock pin, and TCNT performs up- or down-counting.
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This can be used for two-phase encoder pulse input.

10.4.2 Basic Functions
(1) Counter Operation

When one of bits CSTO to CSTS5 is set to 1 in TSTR, the TCNT counter for the corresponding
channel starts counting. TCNT can operate as a free-running counter, periodic counter, and so on.

e Example of count operation setting procedure
Figure 10.6 shows an example of the count operation setting procedure.

< Operation selection > [1] Select the counter
clock with bits

TPSC2 to TPSCO in
TCR. At the same
Select counter clock [1] time, select the
input clock edge
with bits CKEG1
and CKEGO in TCR.

Periodi ‘ F ) ‘ [2] For periodic counter
eriodic counter ree-running counter operation, select the

TGR to be used as
the TCNT clearing
source with bits
CCLR2 to CCLRO in
TCR.

[3] Designate the TGR
Select output compare register | [3] selected in [2] as an
output compare
register by means of
TIOR.

Set the periodic
counter cycle in the
TGR selected in [2].
Start count operation [5] Start count operation [5] [5] Setthe CST bitin
TSTR to 1 to start

<Periodic counter> <Free-running counter> the counter
operation.

Select counter clearing source | [2]

Set period [4] [4

Figure 10.6 Example of Counter Operation Setting Procedure
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Free-running count operation and periodic count operation

Immediately after a reset, the TPU’s TCNT counters are all designated as free-running
counters. When the relevant bit in TSTR is set to 1 the corresponding TCNT counter starts up-
count operation as a free-running counter. When TCNT overflows (from H'FFFF to H'0000),
the TCFV bit in TSR is set to 1. If the value of the corresponding TCIEV bit in TIER is 1 at
this point, the TPU requests an interrupt. After overflow, TCNT starts counting up again from
H'0000.

Figure 10.7 illustrates free-running counter operation.

TCNT value
o o el T

H'0000 - ' t Time

CST bit

TCFV

Figure 10.7 Free-Running Counter Operation

When compare match is selected as the TCNT clearing source, the TCNT counter for the
relevant channel performs periodic count operation. The TGR register for setting the period is
designated as an output compare register, and counter clearing by compare match is selected
by means of bits CCLR2 to CCLRO in TCR. After the settings have been made, TCNT starts
up-count operation as periodic counter when the corresponding bit in TSTR is set to 1. When
the count value matches the value in TGR, the TGF bit in TSR is set to 1 and TCNT is cleared
to H'0000.

If the value of the corresponding TGIE bit in TIER is 1 at this point, the TPU requests an
interrupt. After a compare match, TCNT starts counting up again from H'0000.
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Figure 10.8 illustrates periodic counter operation.

TCNT value Counter cleared by TGR

TGR oo s comparematch

H'0000 . t t Time

CST bit

Flag cleared by software or
4 DTC activation

TGF

Figure 10.8 Periodic Counter Operation
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(2) Waveform Output by Compare Match

The TPU can perform 0, 1, or toggle output from the corresponding output pin using compare
match.

e Example of setting procedure for waveform output by compare match

Figure 10.9 shows an example of the setting procedure for waveform output by compare
match.

) [1] Select initial value 0 output or 1 output, and
Qutput selection
compare match output value 0 output, 1 output,

or toggle output, by means of TIOR. The set
initial value is output at the TIOC pin until the
first compare match occurs.

Select waveform output mode | [1]

[2] Set the timing for compare match generation in

TGR.
Set output timing 2] [3] Set thg CST bitin TSTR to 1 to start the count
operation.
Start count operation [3]

i

<Waveform output>

Figure 10.9 Example Of Setting Procedure For Waveform Output By Compare Match
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o Examples of waveform output operation
Figure 10.10 shows an example of 0 output/1 output.

In this example TCNT has been designated as a free-running counter, and settings have been
made so that 1 is output by compare match A, and 0 is output by compare match B. When the
set level and the pin level coincide, the pin level does not change.

TCNT value

=
TGRA |rommmm e T

TGRB |- m e oD e T e e T

: : : Time
~Nochange ~ No change
< <

TIOCA —, i : 1 output

TIOCB _+ No change _+ No change 0 output
O O

H'0000 : : :

Figure 10.10 Example of 0 Output/1 Output Operation
Figure 10.11 shows an example of toggle output.

In this example TCNT has been designated as a periodic counter (with counter clearing
performed by compare match B), and settings have been made so that output is toggled by both
compare match A and compare match B.

TCNT value

Time

TIOCB i : ! Toggle output

TIOCA Toggle output

Figure 10.11 Example of Toggle Output Operation
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(3) Input Capture Function

The TCNT value can be transferred to TGR on detection of the TIOC pin input edge. Rising edge,
falling edge, or both edges can be selected as the detected edge.

e Example of input capture operation setting procedure
Figure 10.12 shows an example of the input capture operation setting procedure.

C , ) [1] Designate TGR as an input capture register by
Input selection . .
means of TIOR, and select rising edge, falling

edge, or both edges as the input capture source
and input signal edge.

Select input capture input (11 [2] Setthe CST bitin TSTR to 1 to start the count
operation.

Start count [2]

i

<Input capture operation>

Figure 10.12 Example of Input Capture Operation Setting Procedure
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o Example of input capture operation
Figure 10.13 shows an example of input capture operation.

In this example both rising and falling edges have been selected as the TIOCA pin input
capture input edge, falling edge has been selected as the TIOCB pin input capture input edge,
and counter clearing by TGRB input capture has been designated for TCNT.

Counter cleared by TIOCB
TCNT value / input (falling edge)
HO180 |- --c e e e mm e e e e e e e me e e e e e

0 {1 <

HO010 |- oo oot ST S N IS o
H'0005 |- - - - Y e ST S O = ;

H'0000

L
-
' |

3
®

|

TGRA >< H'0005 >< H'0160 : , H'0010

TGRB >< >< H'0180

Figure 10.13 Example of Input Capture Operation
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10.4.3  Synchronous Operation

In synchronous operation, the values in a number of TCNT counters can be rewritten
simultaneously (synchronous presetting). Also, a number of TCNT counters can be cleared
simultaneously by making the appropriate setting in TCR (synchronous clearing).

Synchronous operation enables TGR to be incremented with respect to a single time base.
Channels 0 to 2 can all be designated for synchronous operation.
(1) Example of Synchronous Operation Setting Procedure

Figure 10.14 shows an example of the synchronous operation setting procedure.

Synchronous operation)

selection
| Set synchronous | (1]
operation
@ynchronous presettingD CSynchronous cIearing)
| Set TCNT | [2] Clearing No
sourcegeneration
channel?
Yes
Select counter 3] Set synchronous [4]
clearing source counter clearing
\ \
| Start count | [5] | Start count | [5]
<Synchronous presetting> <Counter clearing> <Synchronous clearing>

[1] Setto 1the SYNC bits in TSYR corresponding to the channels to be designated for synchronous
operation.

[2] When the TCNT counter of any of the channels designated for synchronous operation is
written to, the same value is simultaneously written to the other TCNT counters.

[8] Use bits CCLR2 to CCLRO in TCR to specify TCNT clearing by input capture/output compare,
etc.

[4] Use bits CCLR2 to CCLRO in TCR to designate synchronous clearing for the counter clearing
source.

[5] Setto 1the CST bits in TSTR for the relevant channels, to start the count operation.

Figure 10.14 Example of Synchronous Operation Setting Procedure
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(2) Example of Synchronous Operation
Figure 10.15 shows an example of synchronous operation.

In this example, synchronous operation and PWM mode 1 have been designated for channels 0 to
2, TGROB compare match has been set as the channel O counter clearing source, and synchronous
clearing has been set for the channel 1 and 2 counter clearing source.

Three-phase PWM waveforms are output from pins TIOCOA, TIOC1A, and TIOC2A. At this
time, synchronous presetting, and synchronous clearing by TGROB compare match, is performed
for channel O to 2 TCNT counters, and the data set in TGROB is used as the PWM cycle.

For details of PWM modes, see section 10.4.5, PWM Modes.

Synchronous clearing by TGROB compare match

TCNTO to TCNT2 values / \

TGROB === mmmm s oo oo .-
TGR1B
TGROA
TGR2B
TGR1A
TGR2A
H'0000

TIOCOA

TIOC1A

TIOC2A

Figure 10.15 Example of Synchronous Operation
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1044  Buffer Operation

Buffer operation, provided for channels 0 and 3, enables TGRC and TGRD to be used as buffer
registers.

Buffer operation differs depending on whether TGR has been designated as an input capture
register or as a compare match register.

Table 10.5 shows the register combinations used in buffer operation.

Table 10.5 Register Combinations in Buffer Operation

Channel Timer General Register Buffer Register
0 TGROA TGROC
TGROB TGROD

e When TGR is an output compare register

When a compare match occurs, the value in the buffer register for the corresponding channel is
transferred to the timer general register.

This operation is illustrated in figure 10.16.

Compare match signal

Timer general [\

. Yaum
Buffer register register ) Comparator ( TCNT

Figure 10.16 Compare Match Buffer Operation
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e When TGR is an input capture register

When input capture occurs, the value in TCNT is transferred to TGR and the value previously
held in the timer general register is transferred to the buffer register.

This operation is illustrated in figure 10.17.

Input capture
signal

Buffer register Timer general TONT
register

Figure 10.17 Input Capture Buffer Operation
(1) Example of Buffer Operation Setting Procedure

Figure 10.18 shows an example of the buffer operation setting procedure.

> [1] Designate TGR as an input capture register or

< Buffer operation output compare register by means of TIOR.

[2] Designate TGR for buffer operation with bits

Select TGR function [1] BFA and BFB in TMDR.
‘ [3] Setthe CST bitin TSTR to 1 to start the count
Set buffer operation [2] operation.
Start count [3]

'

<Buffer operation>

Figure 10.18 Example of Buffer Operation Setting Procedure
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(2) Examples of Buffer Operation

When TGR is an output compare register

Figure 10.19 shows an operation example in which PWM mode 1 has been designated for
channel 0, and buffer operation has been designated for TGRA and TGRC. The settings used
in this example are TCNT clearing by compare match B, 1 output at compare match A, and 0
output at compare match B.

As buffer operation has been set, when compare match A occurs the output changes and the
value in buffer register TGRC is simultaneously transferred to timer general register TGRA.
This operation is repeated each time compare match A occurs.

For details of PWM modes, see section 10.4.5, PWM Modes.

! H'0450

TCNT value
B 5 ¥ 7oy s (M (012210
Ho200—" | i o
TGROA | oo : 5 o
H'0000 o : : ! = Time
TGROC H0200, | Ho4s0 ! X | Hos20 Be
Transferi\‘ '\ : '\ \ : '\‘,\;

TGROA X | Ho2o0'!

.
TIOCA ] I | I H

Figure 10.19 Example of Buffer Operation (1)
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e When TGR is an input capture register

Figure 10.20 shows an operation example in which TGRA has been designated as an input
capture register, and buffer operation has been designated for TGRA and TGRC.
Counter clearing by TGRA input capture has been set for TCNT, and both rising and falling
edges have been selected as the TIOCA pin input capture input edge.

As buffer operation has been set, when the TCNT value is stored in TGRA upon occurrence of
input capture A, the value previously stored in TGRA is simultaneously transferred to TGRC.

TCNT value

H'OF07

H'09FB

H'0532

H'0000

TIOCA

TGRA

TGRC

5 >< H0532 X H'OF07 X HooFB
| \ '\ \
. X X H0532 X HoFo7

Time

Figure 10.20 Example of Buffer Operation (2)
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10.4.5 PWM Modes

In PWM mode, PWM waveforms are output from the output pins. 0, 1, or toggle output can be
selected as the output level in response to compare match of each TGR.

Designating TGR compare match as the counter clearing source enables the period to be set in that
register. All channels can be designated for PWM mode independently. Synchronous operation is
also possible.

There are two PWM modes, as described below.

PWM mode 1

PWM output is generated from the TIOCA and TIOCC pins by pairing TGRA with TGRB and
TGRC with TGRD. The output specified by bits IOA3 to IOA0 and IOC3 to IOCO in TIOR is
output from the TIOCA and TIOCC pins at compare matches A and C, and the output
specified by bits IOB3 to IOB0 and IOD3 to IODO in TIOR is output at compare matches B
and D. The initial output value is the value set in TGRA or TGRC. If the set values of paired
TGRs are identical, the output value does not change when a compare match occurs.

In PWM mode 1, a maximum 4-phase PWM output is possible.

PWM mode 2

PWM output is generated using one TGR as the cycle register and the others as duty registers.
The output specified in TIOR is performed by means of compare matches. Upon counter
clearing by a synchronization register compare match, the output value of each pin is the initial
value set in TIOR. If the set values of the cycle and duty registers are identical, the output
value does not change when a compare match occurs.

In PWM mode 2, a maximum 7-phase PWM output is possible by combined use with
synchronous operation.

The correspondence between PWM output pins and registers is shown in table 10.6.
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Table 10.6 PWM Output Registers and Output Pins

Output Pins
Channel Registers PWM Mode 1 PWM Mode 2
0 TGROA TIOCAO TIOCAO
TGROB TIOCBO
TGROC TIOCCO TIOCCO
TGROD TIOCDO
1 TGR1A TIOCA1 TIOCA1
TGR1B TIOCBH1
2 TGR2A TIOCA2 TIOCA2
TGR2B TIOCB2

Note: In PWM mode 2, PWM output is not possible for the TGR register in which the period is set.
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(1) Example of PWM Mode Setting Procedure

Figure 10.21 shows an example of the PWM mode setting procedure.

< PWM mode > [1] Select the counter clock with bits TPSC2 to
TPSCO in TCR. At the same time, select the

‘ input clock edge with bits CKEG1 and CKEGO in

TCR.

Select counter clock [1]

‘ [2] Use bits CCLR2 to CCLRO in TCR to select the
TGR to be used as the TCNT clearing source.

Select counter clearing source | [2]
‘ [3] Use TIOR to designate the TGR as an output

compare register, and select the initial value and
Select waveform output level | [3] output value.

‘ [4] Setthe cycle in the TGR selected in [2], and set
the duty in the other the TGR.

Set TGR [4]
‘ [5] Select the PWM mode with bits MD3 to MDO in
TMDR.
Set PWM mode [5] .
[6] Setthe CST bitin TSTR to 1 to start the count
‘ operation.
Start count [6]
<PWM mode>

Figure 10.21 Example of PWM Mode Setting Procedure
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(2) Examples of PWM Mode Operation
Figure 10.22 shows an example of PWM mode 1 operation.

In this example, TGRA compare match is set as the TCNT clearing source, 0O is set for the TGRA
initial output value and output value, and 1 is set as the TGRB output value.

In this case, the value set in TGRA is used as the period, and the values set in TGRB registers as
the duty.

TCNT value
Counter cleared by

S , TGRAcomparemath

TGRB |- oot ]l
H'0000 ' ' '

TIOCA 4| \—I \—I

Time

Figure 10.22 Example of PWM Mode Operation (1)
Figure 10.23 shows an example of PWM mode 2 operation.

In this example, synchronous operation is designated for channels 0 and 1, TGR1B compare match
is set as the TCNT clearing source, and 0 is set for the initial output value and 1 for the output
value of the other TGR registers (TGROA to TGROD, TGR1A), to output a 5-phase PWM
waveform.

In this case, the value set in TGR1B is used as the cycle, and the values set in the other TGRs as
the duty.
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TCNT value

TGRIB |-

TGRAA | oo

TGROD |- -cmommmmemmaons
TGROC | --onmmommom ot ol
TGROB | - <ccmmemooelo b
TGROA | ---_ 7

H'0000 Y R

Counter cleared by TGR1B
/ compare match

________________

TIOCAO — |

TIOCBO

TIOCCO

TIOCDO

TIOCA1

Figure 10.23

Example of PWM Mode Operation (2)
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Figure 10.24 shows examples of PWM waveform output with 0% duty and 100% duty in PWM

mode.
TONT value TGRB rewritten
TGRA |------------- R D EELEEERETTY CEEL
oRE O, TGRB
: TGRB rewritten” | (rewritten {
H0000 j . P | Time
TIOCA | 0% duty :
Output does not change when cycle register and duty register
compare matches occur simultaneously
TCNT value
TGRB rewritten
TGRA |------------ O s R T TRV R
TGRB rewritten
TGRB TGRB rewritten '
H'0000 } R — | Time
: 100% duty I_I
TIOCA H
Output does not change when cycle register and duty
register compare matches occur simultaneously
TCNT value
TGRB rewritten O
TGRA |------------ (@ e T e e
: TGRB rewritten
TGRB O
TGRB rewritten
H'0000 Time

TIOCA J

100% duty 0% duty

Figure 10.24

Example of PWM Mode Operation (3)
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10.4.6  Phase Counting Mode

In phase counting mode, the phase difference between two external clock inputs is detected and
TCNT is incremented/decremented accordingly. This mode can be set for channels land 2.

When phase counting mode is set, an external clock is selected as the counter input clock and
TCNT operates as an up/down-counter regardless of the setting of bits TPSC2 to TPSCO and bits
CKEG1 and CKEGO in TCR. However, the functions of bits CCLR1 and CCLRO in TCR, and of
TIOR, TIER, and TGR are valid, and input capture/compare match and interrupt functions can be
used.

When overflow occurs while TCNT is counting up, the TCFV flag in TSR is set; when underflow
occurs while TCNT is counting down, the TCFU flag is set.

The TCFD bit in TSR is the count direction flag. Reading the TCFD flag provides an indication of
whether TCNT is counting up or down.

Table 10.7 shows the correspondence between external clock pins and channels.

Table 10.7 Phase Counting Mode Clock Input Pins

External Clock Pins

Channels A-Phase B-Phase
When channel 1 is set to phase counting mode TCLKA TCLKB
When channel 2 is set to phase counting mode TCLKC TCLKD

(1) Example of Phase Counting Mode Setting Procedure

Figure 10.25 shows an example of the phase counting mode setting procedure.

] [1] Select phase counting mode with bits MD3 to
Phase counting mode MDO in TMDR.
‘ [2] Setthe CST bitin TSTR to 1 to start the count
Select phase counting mode | [1] operation.
Start count [2]

i

<Phase counting mode>

Figure 10.25 Example of Phase Counting Mode Setting Procedure
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(2) Examples of Phase Counting Mode Operation

In phase counting mode, TCNT counts up or down according to the phase difference between two
external clocks. There are four modes, according to the count conditions.

e Phase counting mode 1

Figure 10.26 shows an example of phase counting mode 1 operation, and table 10.8
summarizes the TCNT up/down-count conditions.

TCLKA (channel 1) | | | | | | | | | |
TCLKC (channel 2) w w ‘ ‘

TCLKB(channeI1)"| : | 1 | 1 | 1 | 1 | | | | 3 | | | 3 |
TCLKD (channel 2) i

TCNT value

EUp-(;OI.:mt: Lo I fDovyn-E:ourjﬂi

Time

Figure 10.26 Example of Phase Counting Mode 1 Operation

Table 10.8 Up/Down-Count Conditions in Phase Counting Mode 1

TCLKA (Channel 1) TCLKB (Channel 1)

TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level £ Up-count
Low level R

4 Low level

1 High level

High level t Down-count
Low level E

4 High level

R Low level

Legend:

{ :Rising edge
't : Falling edge
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e Phase counting mode 2

Figure 10.27 shows an example of phase counting mode 2 operation, and table 10.9
summarizes the TCNT up/down-count conditions.

TCLKA (Channel 1)
TCLKC (Channel 2)

TCLKB (Channel 1)
TCLKD (Channel 2)

TCNT value

V

Time

Figure 10.27 Example of Phase Counting Mode 2 Operation

Table 10.9 Up/Down-Count Conditions in Phase Counting Mode 2

TCLKA (Channel 1)

TCLKB (Channel 1)

TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level 4 Don’t care
Low level t Don’t care
4 Low level Don'’t care
1 High level Up-count
High level 1 Don’t care
Low level 4 Don’t care
4 High level Don’t care
t Low level Down-count
Legend:

{ :Rising edge
't : Falling edge
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e Phase counting mode 3

Figure 10.28 shows an example of phase counting mode 3 operation, and table 10.10

summarizes the TCNT up/down-count conditions.

TCLKA (channel 1)
TCLKC (channel 2) J l—l ‘ ;

TCLKB (channel 1)

TCLKD (channel 2) 3 ! 3 | |
TCNT value

L L

U/p-y \wt\ :

Time

Figure 10.28 Example of Phase Counting Mode 3 Operation

Table 10.10 Up/Down-Count Conditions in Phase Counting Mode 3

TCLKA (Channel 1) TCLKB (Channel 1)

TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level 4 Don’t care
Low level t Don’t care
4 Low level Don'’t care
1 High level Up-count
High level 1 Down-count
Low level 4 Don’t care
4 High level Don’t care
1 Low level Don’t care
Legend:

£ : Rising edge
't : Falling edge
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e Phase counting mode 4

Figure 10.29 shows an example of phase counting mode 4 operation, and table 10.11

summarizes the TCNT up/down-count conditions.

TCLKA (channel 1) 1 1
TCLKC (channel 2) J | | w | | | w |

TCLKB (channel 1) | | | | |
TCLKD (channel 2) ! | | ‘

TCNT value

Up-count

Down-count

Time

Figure 10.29 Example of Phase Counting Mode 4 Operation

Table 10.11 Up/Down-Count Conditions in Phase Counting Mode 4

TCLKA (Channel 1)

TCLKB (Channel 1)

TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level 4 Up-count
Low level R

4 Low level Don’t care
1 High level

High level 1 Down-count
Low level 4

4 High level Don’t care
R Low level

Legend:

{ :Rising edge
't : Falling edge

Rev.4.00 Sep. 18, 2008 Page 415 of 872
REJ09B0189-0400

RENESAS



Section 10 16-Bit Timer Pulse Unit (TPU)

10.5  Interrupts

10.5.1 Interrupt Sources and Priorities

There are three kinds of TPU interrupt source: TGR input capture/compare match, TCNT
overflow, and TCNT underflow. Each interrupt source has its own status flag and enable/disabled
bit, allowing generation of interrupt request signals to be enabled or disabled individually.

When an interrupt request is generated, the corresponding status flag in TSR is set to 1. If the
corresponding enable/disable bit in TIER is set to 1 at this time, an interrupt is requested. The
interrupt request is cleared by clearing the status flag to 0.

Relative channel priorities can be changed by the interrupt controller, but the priority order within
a channel is fixed. For details, see section 5, Interrupt Controller.

Table 10.12 lists interrupt sources and DMA controller (DMAC) and data transfer controller
(DTC) activation.

Table 10.12 Interrupt Sources and DMA Controller (DMAC) and Data Transfer (DTC)

Activation
Interrupt DMAC DTC
Channel Source Description Activation Activation  Priority
0 TGIOA TGROA input capture/compare match Possible Possible High
TGIOB TGROB input capture/compare match Not possible Possible I
TGIOC TGROC input capture/compare match Not possible Possible
TGIOD TGROD input capture/compare match Not possible Possible
TCloV TCNTO overflow Not possible Not possible
1 TGHA TGR1A input capture/compare match Possible Possible
TGI1B TGR1B input capture/compare match Not possible Possible
TCIHV TCNT1 overflow Not possible Not possible
TCHU TCNT1 underflow Not possible Not possible
2 TGI2A TGR2A input capture/compare match Possible Possible
TGI2B TGR2B input capture/compare match Not possible Possible
TCl2V TCNT2 overflow Not possible Not possible
TCl2U TCNT2 underflow Not possible Not possible Low

Note: This table shows the initial state immediately after a reset. The relative channel priorities
can be changed by the interrupt controller.
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(1) Input Capture/Compare Match Interrupt

An interrupt is requested if the TGIE bit in TIER is set to 1 when the TGF flag in TSR is set to 1
by the occurrence of a TGR input capture/compare match on a particular channel. The interrupt
request is cleared by clearing the TGF flag to 0. The TPU has eight input capture/compare match
interrupts, four for channel 0, and two each for channels 1 and 2.

(2) Overflow Interrupt

An interrupt is requested if the TCIEV bit in TIER is set to 1 when the TCFV flag in TSR is set to
1 by the occurrence of TCNT overflow on a channel. The interrupt request is cleared by clearing
the TCFV flag to 0. The TPU has three overflow interrupts, one for each channel.

(3) Underflow Interrupt

An interrupt is requested if the TCIEU bit in TIER is set to 1 when the TCFU flag in TSR is set to
1 by the occurrence of TCNT underflow on a channel. The interrupt request is cleared by clearing
the TCFU flag to 0. The TPU has two overflow interrupts, one each for channels 1 and 2.

10.5.2 DTC and DMAC Activation
(1) DTC Activation

The DTC can be activated by the TGR input capture/compare match interrupt for a channel. For
details, see section 8, Data Transfer Controller (DTC).

A total of eight TPU input capture/compare match interrupts can be used as DTC activation
sources, four each for channel 0, and two each for channels 1 and 2.

(2) DMAC Activation

The DMAC can be activated by the TGRA input capture/compare match interrupt for a channel.
For details, see section 7, DMA Controller (DMAC).

With the TPU, a total of three TGRA input capture/compare match interrupts can be used as
DMAC activation sources, one for each channel.
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10.6  Operation Timing

10.6.1 Input/Output Timing
(1) TCNT Count Timing

Figure 10.30 shows TCNT count timing in internal clock operation, and figure 10.31 shows TCNT
count timing in external clock operation.

. J Uy Ly L

Internal clock Falling edge Rising edge

\ N\

input clock ——— E—

TCNT N-1 >< N >< N+ 1 >< N+2

Figure 10.30 Count Timing in Internal Clock Operation

External cIock_(b Falling edge Rising edge Falling edge

\
TCNT

input clock ——— L

TCNT N-1 >< N >< N+ 1 >< N+2

Figure 10.31 Count Timing in External Clock Operation
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(2) Output Compare Output Timing

A compare match signal is generated in the final state in which TCNT and TGR match (the point
at which the count value matched by TCNT is updated). When a compare match signal is
generated, the output value set in TIOR is output at the output compare output pin (TIOC pin).
After a match between TCNT and TGR, the compare match signal is not generated until the
TCNT input clock is generated.

Figure 10.32 shows output compare output timing.

Uy o

TCNT
input clock

TCNT N >< N +1

TGR

Compare

match signal

TIOC pin ><

Figure 10.32 Output Compare Output Timing
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(3) Input Capture Signal Timing

Figure 10.33 shows input capture signal timing.

. UL

Input capture
input

sonal —\ —\—
TCNT >< N X N+1 X N+2 >< X:
N N

TGR >< N >< N+2

Figure 10.33 Input Capture Input Signal Timing
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(4) Timing for Counter Clearing by Compare Match/Input Capture

Figure 10.34 shows the timing when counter clearing by compare match occurrence is specified,
and figure 10.35 shows the timing when counter clearing by input capture occurrence is specified.

 J Uy o

Compare
match signal

Counter
clear signal

TCNT N >< H'0000

TGR N

Figure 10.34 Counter Clear Timing (Compare Match)

. UL

Input capture
signal

Counter clear

signal
TCNT N : >< H'0000
TGR >< N

Figure 10.35 Counter Clear Timing (Input Capture)
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(5) Buffer Operation Timing

Figures 10.36 and 10.37 show the timing in buffer operation.

Uy

TCNT n >< n+1

Compare
match signal

TGRA, 5 X
TGRB n '

TGRC,
TGRD

P4

Figure 10.36 Buffer Operation Timing (Compare Match)

' SO L
Input capture
signal

TCNT N X N+t o

ﬁggg* nool X N E X N+ 1
TGRC, X X N
TGRD n

Figure 10.37 Buffer Operation Timing (Input Capture)
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10.6.2  Interrupt Signal Timing
(1) TGF Flag Setting Timing in Case of Compare Match

Figure 10.38 shows the timing for setting of the TGF flag in TSR by compare match occurrence,
and TGI interrupt request signal timing.

 Jy Yy

TCNT input
clock

TCNT N >< N+ 1

TGR N

Compare
match signal

TGF flag

TGl interrupt

Figure 10.38 TGI Interrupt Timing (Compare Match)
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(2) TGF Flag Setting Timing in Case of Input Capture

Figure 10.39 shows the timing for setting of the TGF flag in TSR by input capture occurrence, and
TGI interrupt request signal timing.

 J Uy o

Input capture
signal

TCNT N 1

TGR 1

TGF flag

TGl interrupt

Figure 10.39 TGI Interrupt Timing (Input Capture)
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(3) TCFY Flag/TCFU Flag Setting Timing

Figure 10.40 shows the timing for setting of the TCFV flag in TSR by overflow occurrence, and
TCIV interrupt request signal timing.

Figure 10.41 shows the timing for setting of the TCFU flag in TSR by underflow occurrence, and
TCIU interrupt request signal timing.

TCNT input
clock

TCNT
(overflow)

Overflow
signal

TCFV flag

TCIV interrupt

IR .
]

HFFFF X H'0000

]
|

Figure 10.40 TCIV Interrupt Setting Timing

TCNT
input clock

TCNT
(underflow)

Underflow
signal

TCFU flag

TCIU interrupt

1 o e
]

H'0000 X HFFFF

]
|

Figure 10.41 TCIU Interrupt Setting Timing
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Section 10 16-Bit Timer Pulse Unit (TPU)

(4) Status Flag Clearing Timing

After a status flag is read as 1 by the CPU, it is cleared by writing O to it. When the DTC or
DMAC is activated, the flag is cleared automatically. Figure 10.42 shows the timing for status flag
clearing by the CPU, and figure 10.43 shows the timing for status flag clearing by the DTC or
DMAC.

TSR write cycle
T4 T,

e
o J L LU
Address >< TSR address ><
Write signal
Status flag |
Interrupt
request |
signal

Figure 10.42 Timing for Status Flag Clearing by CPU

DTC/DMAC DTC/DMAC
read cycle write cycle
T, T, Ty T, |
P—+—+—+—>

Address >< Source address Dzzg?gggn ><
Status flag |

Interrupt

request |

signal

Figure 10.43 Timing for Status Flag Clearing by DTC/DMAC Activation
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10.7  Usage Notes
Note that the kinds of operation and contention described below occur during TPU operation.
(1) Module Stop Mode Settings

The TPU module operation disabled/enabled state can be set with the module stop control register.
The initial value of this register sets the TPU module to the stopped state. Register access becomes
possible when module stop mode is cleared. See section 17, Power-Down Modes, for details.

(2) Input Clock Restrictions

The input clock pulse width must be at least 1.5 states in the case of single-edge detection, and at
least 2.5 states in the case of both-edge detection. The TPU will not operate properly with a
narrower pulse width.

In phase counting mode, the phase difference and overlap between the two input clocks must be at
least 1.5 states, and the pulse width must be at least 2.5 states. Figure 10.44 shows the input clock
conditions in phase counting mode.

Phase Phase
differ- differ-
Overlap ience 30verlap3 ence Pulse width Pulse width
TCLKA | ‘ | ‘ j |
(TCLKC) | | | | |
TOLKB : : I
(TCLKD) ‘
-— -—
Pulse width Pulse width

Notes: Phase difference and overlap: 1.5 states or more
Pulse width : 2.5 states or more

Figure 10.44 Phase Difference, Overlap, and Pulse Width in Phase Counting Mode
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(3) Caution on Period Setting

When counter clearing by compare match is set, TCNT is cleared in the final state in which it
matches the TGR value (the point at which the count value matched by TCNT is updated).
Consequently, the actual counter frequency is given by the following formula:

6
(N+1)

Where f:  Counter frequency
¢: Operating frequency
N: TGR set value
(4) Contention between TCNT Write and Clear Operations

If the counter clear signal is generated in the T, state of a TCNT write cycle, TCNT clearing takes
precedence and the TCNT write is not performed.

Figure 10.45 shows the timing in this case.

TCNT write cycle

e T2

4—»’4—»
0 JU UL
Address >< TCNT address ><

Write signal
Counter clear
signal

TCNT N >< H'0000

Figure 10.45 Contention between TCNT Write and Clear Operations
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(5) Contention between TCNT Write and Increment Operations

If incrementing occurs in the T, state of a TCNT write cycle, the TCNT write takes precedence
and TCNT is not incremented.

Figure 10.46 shows the timing in this case.

TCNT write cycle
Ty Ty
- e
| S UL LU
Address >< TCNT address ><

Write signal
TCNT input
clock

TONT N [ owm

TCNT write data

Figure 10.46 Contention between TCNT Write and Increment Operations
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(6) Contention between TGR Write and Compare Match

If a compare match occurs in the T, state of a TGR write cycle, the TGR write takes precedence
and the compare match signal is inhibited. A compare match does not occur even if the same value
as before is written.

Figure 10.47 shows the timing in this case.

TGR write cycle
Ty Ty

}4—»’4—»{
UL
Address >< TGR address ><
Write signal
Compare ey : o
match signal : i=—— Prohibited
TCNT N >< N+ 1
TGR N >< M

P4

TGR write data

Figure 10.47 Contention between TGR Write and Compare Match
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(7) Contention between Buffer Register Write and Compare Match

If a compare match occurs in the T, state of a TGR write cycle, the data transferred to TGR by the
buffer operation will be the data prior to the write.

Figure 10.48 shows the timing in this case.

TGR write cycle
Ty T2

- e

J Uy

Address Pereas
Write signal
Compare
match signal
Buffer register write data
Buffer —
register N >< M
TGR >< N

Figure 10.48 Contention between Buffer Register Write and Compare Match
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(8) Contention between TGR Read and Input Capture

If the input capture signal is generated in the T, state of a TGR read cycle, the data that is read will
be the data after input capture transfer.

Figure 10.49 shows the timing in this case.

TGR read cycle

T4 Tp

S
, JU UL
Address >< TGR address ><
Read signal
Input capture
signal
TGR X >< M
Internal >< M ><
data bus

Figure 10.49 Contention between TGR Read and Input Capture
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(9) Contention between TGR Write and Input Capture

If the input capture signal is generated in the T, state of a TGR write cycle, the input capture
operation takes precedence and the write to TGR is not performed.

Figure 10.50 shows the timing in this case.

TGR write cycle
T, Ty |
}4—»’4—»
| UL L
Address >< TGR address ><

Write signal

Input capture

signal
TCNT M
TGR >< M

Figure 10.50 Contention between TGR Write and Input Capture
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(10) Contention between Buffer Register Write and Input Capture

If the input capture signal is generated in the T, state of a buffer write cycle, the buffer operation
takes precedence and the write to the buffer register is not performed.

Figure 10.51 shows the timing in this case.

Buffer register write cycle

Buffer register ><

Address address

Write signal

Input capture

signal

TCNT N

TGR M E X N
Buffer >< M
register

Figure 10.51 Contention between Buffer Register Write and Input Capture
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(11) Contention between Overflow/Underflow and Counter Clearing

If overflow/underflow and counter clearing occur simultaneously, the TCFV/TCFU flag in TSR is
not set and TCNT clearing takes precedence.

Figure 10.52 shows the operation timing when a TGR compare match is specified as the clearing
source, and H'FFFF is set in TGR.

TCNT input
clock

TCNT

Counter
clear signal

TGF

TCFV

Sy e

HFFFF >< H'0000

Prohibited —___ ;-------ommmmmmmomoooes

Figure 10.52

Contention between Overflow and Counter Clearing
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(12) Contention between TCNT Write and Overflow/Underflow

If there is an up-count or down-count in the T, state of a TCNT write cycle, and
overflow/underflow occurs, the TCNT write takes precedence and the TCFV/TCFU flag in TSR is
not set .

Figure 10.53 shows the operation timing when there is contention between TCNT write and
overflow.

TCNT write cycle

| T | Lk |
\ \ \
0 o b
Address >< TCNT address ><
Write signal
TCNT write data
»
TCNT H'FFFF >< M

Prohibited o o
TCFV flag o

Figure 10.53 Contention between TCNT Write and Overflow
(13) Multiplexing of I/O Pins

In the H8S/2214 Group, the TCLKA input pin is multiplexed with the TIOCCO I/O pin, the
TCLKB input pin with the TIOCDO I/O pin, the TCLKC input pin with the TIOCB1 I/O pin, and
the TCLKD input pin with the TIOCB2 I/O pin. When an external clock is input, compare match
output should not be performed from a multiplexed pin.

(14) Interrupts and Module Stop Mode

If module stop mode is entered when an interrupt has been requested, it will not be possible to
clear the CPU interrupt source, DTC activation source, or DMAC activation source. Interrupts
should therefore be disabled before entering module stop mode.
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Section 11 Watchdog Timer (WDT)

11.1 Overview

The H8S/2214 Group has an on-chip watchdog timer/watch timer with one channel. The watchdog
timer can generate an internal interrupt or an internal reset signal if a system crash prevents the
CPU from writing to the counter, allowing it to overflow.

When this watchdog function is not needed, the WDT can be used as an interval timer. In interval
timer mode, an interval timer interrupt is generated each time the counter overflows.

11.1.1  Features
WDT features are listed below.

o Switchable between watchdog timer mode and interval timer mode
¢ Internal reset or internal interrupt generated when watchdog timer mode

Choice of whether or not an internal reset (power-on reset or manual reset selectable) is
effected when the counter overflows

e Interrupt generation in interval timer mode

— An interval timer interrupt is generated when the counter overflows
e Choice of 8 counter input clocks

— Maximum WDT interval: system clock period x 131072 x 256
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11.1.2  Block Diagram

Figure 11.1 shows block diagrams of WDT.

WOVIo ! Overflow -~ /2 1
(interrupt request «.| Interrupt -~ (/64 :
signal) | control |4 -~ /128 !
| - /512 |
| Clock Clock 0 |
| l select [+———¢/2048 |
! /8192 3
: < o/32768 |
Internal reset «———| (S)?’l?cfl /131072 ‘
signal* Internal clock !
- | RsTcsR }J | TONT |« TCSR | :
O O Bus i
f Module bus interface D
e WDT -~ oo ;
Legend:

TCSR: Timer control/status register

TCNT: Timer counter

RSTCSR: Reset control/status register

Note: * The internal reset signal can be generated by means of a register setting.
Either a power-on reset or a manual reset can be selected.

Internal bus

Figure 11.1 Block Diagram of WDT
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Section 11 Watchdog Timer (WDT)

11.1.3  Register Configuration

The WDT has three registers, as summarized in table 11.1. These registers control clock selection,
WDT mode switching, the reset signal, etc.

Table 11.1 WDT Registers

Address™
Name Abbreviation R/W Initial Value  Write™ Read
Timer control/status register TCSRO R/(W)**  H'00 H'FF74 H'FF74
Timer counter TCNTO R/W H'00 HFF74 HFF75
Reset control/status register RSTCSRO R/(W)**  HYF HFF76 H'FF77

Notes: 1. Lower 16 bits of the address.
2. For details of write operations, see section 11.2.4, Notes on Register Access.
3. Only 0 can be written in bit 7, to clear the flag.
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11.2  Register Descriptions

11.2.1 Timer Counter (TCNT)

Bit : 7 6 5 4 3 2 1 0
Initial value : 0 0 0 0 0 0 0 0
R/W : RW R/W R/W R/W R/W R/W R/W R/W

TCNT is an 8-bit readable/writable™ up-counter.

When the TME bit is set to 1 in TCSR, TCNT starts counting pulses generated from the internal
clock source selected by bits CKS2 to CKSO in TCSR. When the count overflows (changes from
H'FF to H'00), the OVF flag in TCSR is set to 1.

TCNT is initialized to H'00 by a reset, in hardware standby mode, or when the TME bit is cleared
to 0. It is not initialized in software standby mode.

Note: * TCNT is write-protected by a password to prevent accidental overwriting. For details see
section 11.2.4, Notes on Register Access.

11.2.2  Timer Control/Status Register (TCSR)

Bit : 7 6 5 4 3 2 1 0
OVF WT/T TME — — CKS2 CKSH1 CKSO0

Initial value : 0 0 0 1 1 0 0 0

R/W o R/A(W)* R/W R/W — — R/W R/W R/W

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

TCSR is an 8-bit readable/writable™ register. Its functions include selecting the clock source to be
input to TCNT, and the timer mode.

TCSRO is initialized to H'18 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Note: * TCSR is write-protected by a password to prevent accidental overwriting. For details see
section 11.2.4, Notes on Register Access.
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Bit 7—Overflow Flag (OVF): A status flag that indicates that TCNT has overflowed from H'FF
to H'00.

Bit 7

OVF Description

0 [Clearing condition] (Initial value)
e Read TCSR* when OVF = 1, then write 0 in OVFA

1 [Setting condition]

e When TCNT overflows (changes from H'FF to H'00)

When internal reset request generation is selected in watchdog timer mode, OVF
is cleared automatically by the internal reset.

Note: * When the interval timer interrupt is disabled and OVF is polled, read the state of OVF = 1
twice or more.

Bit 6—Timer Mode Select (WT/IT): Selects whether the WDT is used as a watchdog timer or
interval timer. If WDT is used in watchdog timer mode, it can generate a reset when TCNT

overflows. If WDT is used in interval timer mode, it generates a WOVI interrupt request to the
CPU when TCNT overflows.

Bit 6
WTAT Description
0 Interval timer mode: Interval timer interrupt (WOVI) request is sent to
CPU when TCNT overflows (Initial value)
1 Watchdog timer mode: Internal reset can be selected when TCNT overflows™

Note: * For details of the case where TCNT overflows in watchdog timer mode, see section
11.2.3, Reset Control/Status Register (RSTCSR).

Bit 5—Timer Enable (TME): Selects whether TCNT runs or is halted.

Bit 5

TME Description

0 TCNT is initialized to H'00 and count operation is halted (Initial value)
1 TCNT counts

WDTO0 TCSR bits 4 and 3—Reserved: These bits cannot be modified and are always read as 1.
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Bits 2 to 0—Clock Select 2 to 0 (CKS2 to CKS0): These bits select an internal clock source,
obtained by dividing the system clock (¢) for input to TCNT.

Bit 2 Bit 1 Bit 0 Description
CKS2 CKsi CKSO0 Clock Overflow Period™ (when ¢ = 10 MHz)
0 0 0 ¢/2 (Initial value) 51.2 us
1 /64 1.6 ms
1 0 /128 3.2ms
1 ¢/512 13.2ms
1 0 0 /2048 52.4 ms
1 /8192 209.8 ms
1 0 $/32768 838.8 ms
1 $/131072 3.36s

Note: * The overflow period is the time from when TCNT starts counting up from H'00 until
overflow occurs.

11.2.3  Reset Control/Status Register (RSTCSR)

Bit S ¢ 6 5 4 3 2 1 0
wovr | mstE [RsTs [ — | — | — | — | — |

Initial value : 0 0 0 1 1 1 1 1

R/W . RA(W)*  RW  RW — — — — —

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

RSTCSR is an 8-bit readable/writable™ register that controls the generation of the internal reset
signal when TCNT overflows, and selects the type of internal reset signal.

RSTCSR is initialized to H'1F by a reset signal from the RES pin, but not by the internal reset
signal caused by a WDT overflow.

Note: * RSTCSR is write-protected by a password to prevent accidental overwriting. For details
see section 11.2.4, Notes on Register Access.
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Bit 7—Watchdog Overflow Flag (WOVF): Indicates that TCNT has overflowed (from H'FF to
H'00) during watchdog timer operation. This bit is not set in interval timer mode.

Bit 7
WOVF Description
0 [Clearing condition] (Initial value)

Cleared by reading RSTCSR when WOVF = 1, then writing 0 to WOVF
1 [Setting condition]
When TCNT overflows (from H'FF to H'00) in watchdog timer mode

Bit 6—Reset Enable (RSTE): Specifies whether or not an internal reset signal is generated if
TCNT overflows in watchdog timer mode.

Bit 6

RSTE Description

0 No internal reset when TCNT overflows™ (Initial value)
1 Internal reset is generated when TCNT overflows

Note: * The chip is not reset internally, but TCNT and TCSR in WDTO are reset.

Bit 5—Reset Select (RSTS): Selects the type of internal reset generated if TCNT overflows in
watchdog timer mode.

For details of the types of resets, see section 4, Exception Handling.

Bit 5

RSTS Description

0 Power-on reset (Initial value)
1 Manual reset

Bits 4 to 0—Reserved: These bits cannot be modified and are always read as 1.
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11.2.4 Notes on Register Access

The watchdog timer’s TCNT, TCSR, and RSTCSR registers differ from other registers in being
more difficult to write to. The procedures for writing to and reading these registers are given
below.

(1) Writing to TCNT and TCSR

These registers must be written to by a word transfer instruction. They cannot be written to with
byte transfer instructions.

Figure 11.2 shows the format of data written to TCNT and TCSR. TCNT and TCSR both have the
same write address. For a write to TCNT, the upper byte of the written word must contain H'SA
and the lower byte must contain the write data. For a write to TCSR, the upper byte of the written
word must contain H'A5 and the lower byte must contain the write data. This transfers the write
data from the lower byte to TCNT or TCSR.

TCNT write
15 8 7 0
Address: HFF74 H'5A Write data
TCSR write
15 8 7 0
Address: HFF74 H'A5 Write data

Figure 11.2 Format of Data Written to TCNT and TCSR (Example of WDTO0)
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(2) Writing to RSTCSR

RSTCSR must be written to by a word transfer to address H'FF76. It cannot be written to with
byte instructions.

Figure 11.3 shows the format of data written to RSTCSR. The method of writing 0 to the WOVF
bit differs from that for writing to the RSTE and RSTS bits.

To write 0 to the WOVF bit, the upper byte of the written word must contain H'AS and the lower
byte must contain H'00. This clears the WOVF bit to 0, but has no effect on the RSTE and RSTS
bits. To write to the RSTE and RSTS bits, the upper byte must contain H'SA and the lower byte
must contain the write data. This writes the values in bits 6 and 5 of the lower byte into the RSTE
and RSTS bits, but has no effect on the WOVF bit.

Writing 0 to WOVF bit

15 87 0
Address: HFF76 HAS H'00
Writing to RSTE and RSTS bits
15 87 0
Address: HFF76 H'5A Write data

Figure 11.3 Format of Data Written to RSTCSR (Example of WDT0)
(3) Reading TCNT, TCSR, and RSTCSR

These registers are read in the same way as other registers. The read addresses are H'FF74 for
TCSR, H'FF75 for TCNT, and H'FF77 for RSTCSR.
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11.3  Operation

11.3.1 Watchdog Timer Operation

To use the WDT as a watchdog timer, set the WT/T and TME bits in TCSR to 1. Software must
prevent TCNT overflows by rewriting the TCNT value (normally by writing H'00) before
overflow occurs. This ensures that TCNT does not overflow while the system is operating
normally.

In this way, TCNT will not overflow while the system is operating normally, but if TCNT is not
rewritten and overflows because of a system crash or other error, in the case of WDT, if the RSTE
bit in RSTCSR is set to 1 beforehand, a signal is generated that effects an internal chip reset.
Either a power-on reset or a manual reset can be selected with the RSTS bit in RSTCSR. The
internal reset signal is output for 518 states. This is illustrated in figure 11.4.

If a reset caused by an input signal from the RES pin and a reset caused by WDT overflow occur
simultaneously, the RES pin reset has priority, and the WOVF bit in RSTCSR is cleared to 0.

TCNT value
Overflow
[ = e Tt i
R
R
o
// H
OO TN A I N S
WTAT =1 H00 written WOVF=1 | WTAT =1 H'00 written
TME=1 to TCNT ! TME=1 to TCNT

Internal reset !
generated

Internal reset signal*

‘4—»‘

518 states (WDTO0)

Legend:
WT/IT: Timer mode select bit
TME: Timer enable bit

Note: * With WDT, the internal reset signal is generated only when the RSTE bit is setto 1.

Figure 11.4 Operation in Watchdog Timer Mode
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11.3.2  Interval Timer Operation

To use the WDT as an interval timer, clear the WT/IT bit in TCSR to 0 and set the TME bit to 1.
An interval timer interrupt (WOV]) is generated each time TCNT overflows, provided that the
WDT is operating as an interval timer, as shown in figure 11.5. This function can be used to
generate interrupt requests at regular intervals.

TCNT count

i
HEE Overflow Overflow Overflow Overflow

= Time

" ' v v '

WTAT =0 WOVI WOVI WOVI WOVI
TME =1

Legend:
WOVI: Interval timer interrupt request generation

Figure 11.5 Operation in Interval Timer Mode
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11.3.3 Timing of Setting of Overflow Flag (OVF)

The OVF flag is set to 1 if TCNT overflows during interval timer operation. At the same time, an
interval timer interrupt (WOV]) is requested. This timing is shown in figure 11.6.

. T LT LT LTLT LT

TCNT % H'FF >< H'00 o1

Overflow signal
(internal signal) ((
))

] i
\\

| )

OVF

((
))

Figure 11.6 Timing of OVF Setting
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11.34  Timing of Setting of Watchdog Timer Overflow Flag (WOVF)

With WDT, the WOVF bit in RSTCSR is set to 1 if TCNT overflows in watchdog timer mode. If
TCNT overflows while the RSTE bit in RSTCSR is set to 1, an internal reset signal is generated
for the entire chip. This timing is illustrated in figure 11.7.

o T LT LT LT LT LT LT

TCNT % H'FF >< H'00 % 3

Overflow signal
(internal signal) (( (
)

WOVF (( ‘
)

Internal reset ‘

signal
9 ()(J 518 states (WDT)

Figure 11.7 Timing of WOVF Setting

114  Interrupts

During interval timer mode operation, an overflow generates an interval timer interrupt (WOVI).
The interval timer interrupt is requested whenever the OVF flag is set to 1 in TCSR. OVF must be
cleared to O in the interrupt handling routine.
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11.5  Usage Notes

11.5.1 Contention between Timer Counter (TCNT) Write and Increment

If a timer counter clock pulse is generated during the T, state of a TCNT write cycle, the write
takes priority and the timer counter is not incremented. Figure 11.8 shows this operation.

TCNT write cycle

Address ><

TCNT input clock

Internal write signal

TCNT N >< M

Vodl

[

Counter write data

Figure 11.8 Contention between TCNT Write and Increment

11.5.2 Changing Value of CKS2 to CKS0

If bits CKS2 to CKSO in TCSR are written to while the WDT is operating, errors could occur in
the incrementation. Software must stop the watchdog timer (by clearing the TME bit to 0) before
changing the value of bits CKS2 to CKSO0.
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11.5.3  Switching between Watchdog Timer Mode and Interval Timer Mode

If the mode is switched from watchdog timer to interval timer, or vice versa, while the WDT is
operating, errors could occur in the incrementation. Software must stop the watchdog timer (by
clearing the TME bit to 0) before switching the mode.

11.5.4 Internal Reset in Watchdog Timer Mode

If the RSTE bit is cleared to 0 in watchdog timer mode, the chip will not be reset internally if
TCNT overflows, but TCNT and TCSR in WDT will be reset.

TCNT, TCSR, and RSTCR cannot be written to for a 132-state interval after overflow occurs, and
a read of the WOVF flag is not recognized during this time. It is therefore necessary to wait for
132 states after overflow occurs before writing 0 to the WOVF flag to clear it.

11.5.,5 OVF Flag Clear Operation in Interval Timer Mode

In interval timer mode, if a contention between an OVF flag set and an OVF flag read occurs,
there are cases where even though the OVF = 1 state was read, the flag is not cleared when it is set
to 0. In cases such as when the interval timer interrupt is disabled and the OVF flag is polled, that
is, in cases where contention between an OVF flag set and an OVF flag read may occur, the
application should read the OVF = 1 state at least twice and then set OVF to 0.
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Section 12 Serial Communication Interface (SCI)

12.1 Overview

The H8S/2214 Group is equipped with mutually independent serial communication interface (SCI)
channels. The SCI can handle both asynchronous and clocked synchronous serial communication.
A function is also provided for serial communication between processors (multiprocessor
communication function).

SCIO allows a choice of 720 kbps, 460.784 kbps, or 115.192 kbps at 16-MHz operation.

12.1.1 Features
SCI features are listed below.

e Choice of asynchronous or clocked synchronous serial communication mode

Asynchronous mode

— Serial data communication executed using asynchronous system in which synchronization
is achieved character by character
Serial data communication can be carried out with standard asynchronous communication
chips such as a Universal Asynchronous Receiver/Transmitter (UART) or Asynchronous
Communication Interface Adapter (ACIA)

— A multiprocessor communication function is provided that enables serial data
communication with a number of processors

— Choice of 12 serial data transfer formats

Data length : 7 or 8 bits

Stop bit length : 1 or2 bits

Parity . Even, odd, or none
Multiprocessor bit :lor0

— Receive error detection : Parity, overrun, and framing errors
— Break detection : Break can be detected by reading the RxD pin level directly in
case of a framing error
— Average transfer rate generator (SCIO): 720 kbps, 460.784 kbps, or 115.192 kbps can be
selected at 16 MHz
— A transfer rate clock can be input from the TPU (SCIO)

Rev.4.00 Sep. 18, 2008 Page 453 of 872
REJ09B0189-0400
RENESAS



Section 12 Serial Communication Interface (SCI)

Clocked Synchronous mode
— Serial data communication synchronized with a clock

Serial data communication can be carried out with other chips that have a synchronous
communication function

— One serial data transfer format
Data length : 8 bits
— Receive error detection  : Overrun errors detected

— SCI select function (SCIO : TxDO = high-impedance and SCKO = fixed high-level input
can be selected when IRQ7 = 1)

e Full-duplex communication capability

— The transmitter and receiver are mutually independent, enabling transmission and reception
to be executed simultaneously

— Double-buffering is used in both the transmitter and the receiver, enabling continuous
transmission and continuous reception of serial data

e Choice of LSB-first or MSB-first transfer

— Can be selected regardless of the communication mode™ (except in the case of
asynchronous mode 7-bit data)

Note: * Descriptions in this section refer to LSB-first transfer.

e On-chip baud rate generator allows any bit rate to be selected

e Choice of serial clock source: internal clock from baud rate generator or external clock from
SCK pin

e Four interrupt sources

— Four interrupt sources — transmit-data-empty, transmit-end, receive-data-full, and receive
error — that can issue requests independently

— The transmit-data-empty interrupt and receive data full interrupts can activate the data
transfer controller (DTC) or DMA controller (DMAC) to execute data transfer

e Module stop mode can be set

— As the initial setting, SCI operation is halted. Register access is enabled by exiting module
stop mode.
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12.1.2  Block Diagram

Figures 12.1 and 12.2 show block diagrams of the SCI.
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Figure 12.1 Block Diagram of SCI0
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Figure 12.2 Block Diagram of SCI1 and SCI2
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12.1.3  Pin Configuration

Table 12.1 shows the serial pins for each SCI channel.

Table 12.1 SCI Pins

Channel Pin Name Symbol /0 Function

0 Serial clock pin 0 SCKO I/0 SCIO clock input/output
Receive datapin0  RxDO Input SCIO receive data input
Transmit data pin 0  TxDO Output SCIO0 transmit data output

1 Serial clock pin 1 SCK1 110 SCI1 clock input/output
Receive data pin 1 RxD1 Input SCI1 receive data input
Transmit data pin 1 TxD1 Output SCI1 transmit data output

2 Serial clock pin 2 SCK2 I/0 SCI2 clock input/output
Receive datapin2  RxD2 Input SCI2 receive data input
Transmit data pin2 TxD2 Output SCI2 transmit data output

Note: Pin names SCK, RxD, and TxD are used in the text for all channels, omitting the channel

designation.
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12.14  Register Configuration

The SCI has the internal registers shown in table 12.2. These registers are used to specify
asynchronous mode or clocked synchronous mode, the data format , and the bit rate, and to control
transmitter/receiver.

Table 12.2 SCI Registers

Channel Name Abbreviation R/W Initial Value Address™
0 Serial mode register 0 SMRO R/W H'00 H'FF78
Bit rate register 0 BRRO R/W H'FF H'FF79
Serial control register 0 SCRO R/W H'00 HFF7A
Transmit data register 0 TDRO R/W H'FF H'FF7B
Serial status register 0 SSRO R/(W)** H'84 H'FF7C
Receive data register 0 RDRO R H'00 H'FF7D
Smart card mode register 0 SCMRO R/W H'F2 H'FF7E
Serial expansion mode register 0 SEMRO R/W H'00 H'FDF8
1 Serial mode register 1 SMR1 R/W H'00 H'FF80
Bit rate register 1 BRR1 R/W H'FF H'FF81
Serial control register 1 SCR1 R/W H'00 H'FF82
Transmit data register 1 TDR1 R/W H'FF H'FF83
Serial status register 1 SSR1 R/(W)** H'84 H'FF84
Receive data register 1 RDR1 R H'00 H'FF85
Smart card mode register 1 SCMR1 R/W H'F2 H'FF86
2 Serial mode register 2 SMR2 R/W H'00 H'FF88
Bit rate register 2 BRR2 R/W H'FF H'FF89
Serial control register 2 SCR2 R/W H'00 H'FF8A
Transmit data register 2 TDR2 R/W H'FF H'FF8B
Serial status register 2 SSR2 R/(W)** H'84 H'FF8C
Receive data register 2 RDR2 R H'00 H'FF8D
Smart card mode register 2 SCMR2 R/W H'F2 H'FF8E
All Module stop control register B MSTPCRB R/W H'FF H'FDE9

Notes: 1. Lower 16 bits of the address.
2. Can only be written with 0 for flag clearing.
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12.2  Register Descriptions

12.2.1 Receive Shift Register (RSR)

Bit : 7 6 5 4 3 2 1 0

RW — — — — — — — —

RSR is a register used to receive serial data.

The SCI sets serial data input from the RxD pin in RSR in the order received, starting with the
LSB (bit 0), and converts it to parallel data. When one byte of data has been received, it is
transferred to RDR automatically.

RSR cannot be directly read or written to by the CPU.

12.2.2  Receive Data Register (RDR)

Bit : 7 6 5 4 3 2 1 0
Initial value : 0 0 0 0 0 0 0 0
R/W

RDR is a register that stores received serial data.

When the SCI has received one byte of serial data, it transfers the received serial data from RSR to
RDR where it is stored, and completes the receive operation. After this, RSR is receive-enabled.

Since RSR and RDR function as a double buffer in this way, enables continuous receive
operations to be performed.

RDR is a read-only register, and cannot be written to by the CPU.

RDR is initialized to H'00 by a reset, in standby mode, watch mode, subactive mode, and subsleep
mode or module stop mode.
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12.2.3 Transmit Shift Register (TSR)

Bit : 7 6 5 4 3 2 1 0

RW — — — — — — — —

TSR is a register used to transmit serial data.

To perform serial data transmission, the SCI first transfers transmit data from TDR to TSR, then
sends the data to the TxD pin starting with the LSB (bit 0).

When transmission of one byte is completed, the next transmit data is transferred from TDR to
TSR, and transmission started, automatically. However, data transfer from TDR to TSR is not
performed if the TDRE bit in SSR is set to 1.

TSR cannot be directly read or written to by the CPU.

12.24  Transmit Data Register (TDR)

Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

TDR is an 8-bit register that stores data for serial transmission.

When the SCI detects that TSR is empty, it transfers the transmit data written in TDR to TSR and
starts serial transmission. Continuous serial transmission can be carried out by writing the next
transmit data to TDR during serial transmission of the data in TSR.

TDR can be read or written to by the CPU at all times.

TDR is initialized to H'FF by a reset, in standby mode, watch mode, subactive mode, and subsleep
mode or module stop mode.
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12.2.5  Serial Mode Register (SMR)

Bit : 7 6 5 4 3 2 1 0

| C/A | CHR | PE | OfE | STOP | MP | CKS1 | CKS0 |
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

SMR is an 8-bit register used to set the SCI’s serial transfer format and select the baud rate
generator clock source.

SMR can be read or written to by the CPU at all times.

SMR is initialized to H'0O by a reset and in hardware standby mode. It retains its previous state in
module stop mode, software standby mode, watch mode, subactive mode, and subsleep mode.

Bit 7—Communication Mode (C/A): Selects asynchronous mode or clocked synchronous mode
as the SCI operating mode.

Bit 7

C/A Description

0 Asynchronous mode (Initial value)
1 Clocked synchronous mode

Bit 6—Character Length (CHR): Selects 7 or 8 bits as the data length in asynchronous mode. In
clocked synchronous mode, a fixed data length of 8 bits is used 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, and it is not
possible to choose between LSB-first or MSB-first transfer.
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Bit 5—Parity Enable (PE): In asynchronous mode, selects whether or not parity bit addition is
performed in transmission, and parity bit checking in reception. In clocked synchronous mode
with a multiprocessor format, parity bit addition and checking is not performed, regardless of the
PE bit setting.

Bit 5

PE Description

0 Parity bit addition and checking disabled (Initial value)
1 Parity bit addition and checking enabled™

Note: * When the PE bit is set to 1, the parity (even or odd) specified by the O/E bit is added to
transmit data before transmission. In reception, the parity bit is checked for the parity
(even or odd) specified by the O/E bit.

Bit 4—Parity Mode (O/E): Selects either even or odd parity for use in 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 invalid in clocked synchronous mode,
when parity addition and checking is disabled in asynchronous mode, and when a multiprocessor
format is used.

Bit 4

O/E Description

0 Even parity™ (Initial value)
1 Odd parity™

Notes: 1. When even parity is set, parity bit addition is performed in transmission so that the total
number of 1 bits in the transmit character plus the parity bit is even.

In reception, a check is performed to see if the total number of 1 bits in the receive
character plus the parity bit is even.

2. When odd parity is set, parity bit addition is performed in transmission so that the total
number of 1 bits in the transmit character plus the parity bit is odd.

In reception, a check is performed to see if the total number of 1 bits in the receive
character plus the parity bit is odd.

Bit 3—Stop Bit Length (STOP): Selects 1 or 2 bits as the stop bit length in asynchronous mode.
The STOP bits setting is only valid in asynchronous mode. If clocked synchronous mode is set the
STOP bit setting is invalid since stop bits are not added.
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Bit 3
STOP Description
0 1 stop bit: In transmission, a single 1 bit (stop bit) is added to the end
of a transmit character before it is sent. (Initial value)
1 2 stop bits: In transmission, two 1 bits (stop bits) are added to the end of a transmit

character before it is sent.

In reception, only the first stop bit is checked, regardless of the STOP bit setting. If the second
stop bit is 1, it is treated as a stop bit; if it is 0, it is treated as the start bit of the next transmit
character.

Bit 2—Multiprocessor Mode (MP): Selects multiprocessor format. When multiprocessor format
is selected, the PE bit and O/E bit parity settings are invalid. The MP bit setting is only valid in
asynchronous mode; it is invalid in clocked synchronous mode.

For details of the multiprocessor communication function, see section 12.3.3, Multiprocessor
Communication Function.

Bit 2

MP Description

0 Multiprocessor function disabled (Initial value)
1 Multiprocessor format selected

Bits 1 and 0—Clock Select 1 and 0 (CKS1, CKSO0): These bits select the clock source for the
baud rate generator. The clock source can be selected from ¢, ¢/4, $/16, and ¢/64, according to the
setting of bits CKS1 and CKSO.

For the relation between the clock source, the bit rate register setting, and the baud rate, see
section 12.2.8, Bit Rate Register (BRR).

Bit 1 Bit 0

CKS1 CKSO0 Description

0 0 ¢ clock (Initial value)
1 ¢/4 clock

1 0 ¢/16 clock
1 $/64 clock
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12.2.6  Serial Control Register (SCR)

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
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

SCR is a register that performs enabling or disabling of SCI transfer operations, serial clock output
in asynchronous mode, and interrupt requests, and selection of the serial clock source.

SCR can be read or written to by the CPU at all times.

SCR is initialized to H'00 by a reset and in hardware standby mode. It retains its previous state in
module stop mode, software standby mode, watch mode, subactive mode, and subsleep mode.

Bit 7—Transmit Interrupt Enable (TIE): Enables or disables transmit data empty interrupt
(TXI) request generation when serial transmit data is transferred from TDR to TSR and the TDRE
flag in SSRis setto 1.

Bit 7

TIE Description

0 Transmit data empty interrupt (TXI) requests disabled™ (Initial value)
1 Transmit data empty interrupt (TXI) requests enabled

Note: * TXI interrupt request cancellation can be performed by reading 1 from the TDRE flag, then
clearing it to 0, or clearing the TIE bit to 0.

Bit 6—Receive Interrupt Enable (RIE): Enables or disables receive data full interrupt (RXI)
request and receive error interrupt (ERI) request generation when serial receive data is transferred
from RSR to RDR and the RDREF flag in SSR is set to 1.

Bit 6

RIE Description

0 Receive Eata full interrupt (RXI) request and receive error interrupt (ERI) request
disabled” (Initial value)

1 Receive data full interrupt (RXI) request and receive error interrupt (ERI) request
enabled

Note: * RXI and ERI interrupt request cancellation can be performed by reading 1 from the RDRF
flag, or the FER, PER, or ORER flag, then clearing the flag to 0, or clearing the RIE bit to
0.
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Bit 5—Transmit Enable (TE): Enables or disables the start of serial transmission by the SCIL.

Bit5

TE—Description

0 Transmission disabled™ (Initial value)
1 Transmission enabled™

Notes: 1. The TDRE flag in SSR is fixed at 1.

2. In this state, serial transmission is started when transmit data is written to TDR and the
TDRE flag in SSR is cleared to 0.

SMR setting must be performed to decide the transfer format before setting the TE bit
to 1.

Bit 4—Receive Enable (RE): Enables or disables the start of serial reception by the SCI.

Bit 4

RE Description

0 Reception disabled™ (Initial value)
1 Reception enabled™

Notes: 1. Clearing the RE bit to 0 does not affect the RDRF, FER, PER, and ORER flags, which
retain their states.

2. Serial reception is started in this state when a start bit is detected in asynchronous
mode or serial clock input is detected in clocked synchronous mode.

SMR setting must be performed to decide the transfer format before setting the RE bit
to 1.

Bit 3—Multiprocessor Interrupt Enable (MPIE): Enables or disables multiprocessor interrupts.
The MPIE bit setting is only valid in asynchronous mode when the MP bit in SMR is set to 1.

The MPIE bit setting is invalid in clocked synchronous mode or when the MP bit is cleared to O.
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Bit 3

MPIE Description

0 Multiprocessor interrupts disabled (normal reception performed) (Initial value)
[Clearing conditions]
e When the MPIE bit is cleared to O
o When MPB= 1 data is received

1 Multiprocessor interrupts enabled™

Receive interrupt (RXI) requests, receive error interrupt (ERI) requests, and setting
of the RDRF, FER, and ORER flags in SSR are disabled until data with the
multiprocessor bit set to 1 is received.

Note: * When receive data including MPB = 0 is received, receive data transfer from RSR to RDR,
receive error detection, and setting of the RDRF, FER, and ORER flags in SSR, is not
performed. When receive data including MPB = 1 is received, the MPB bit in SSR is set to
1, the MPIE bit is cleared to 0 automatically, and generation of RXIl and ERI interrupts
(when the TIE and RIE bits in SCR are set to 1) and FER and ORER flag setting is
enabled.

Bit 2—Transmit End Interrupt Enable (TEIE): Enables or disables transmit end interrupt
(TEI) request generation when there is no valid transmit data in TDR in MSB data transmission.

Bit 2

TEIE Description

0 Transmit end interrupt (TEI) request disabled™ (Initial value)
1 Transmit end interrupt (TEI) request enabled™

Note: * TEI cancellation can be performed by reading 1 from the TDRE flag in SSR, then clearing
it to 0 and clearing the TEND flag to O, or clearing the TEIE bit to O.

Bits 1 and 0—Clock Enable 1 and 0 (CKE1, CKE0): These bits are used to select the SCI clock
source and enable or disable clock output from the SCK pin. The combination of the CKE1 and
CKEQDO bits determines whether the SCK pin functions as an I/O port, the serial clock output pin, or
the serial clock input pin.

The setting of the CKEO bit, however, is only valid for internal clock operation (CKE1 = 0) in
asynchronous mode. The CKEQO bit setting is invalid in clocked synchronous mode, and in the case
of external clock operation (CKE1 = 1). Note that the SCI's operating mode must be decided using
SMR after setting the CKE1 and CKEO bits.

For details of clock source selection, see table 12.9.
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Bit 1 Bit 0
CKE1 CKEO Description
0 0 Asynchronous mode Internal clock/SCK pin functions as I/O port™
Clocked synchronous Internal clock/SCK pin functions as serial clock
mode output
1 Asynchronous mode Internal clock/SCK pin functions as clock output™
Clocked synchronous Internal clock/SCK pin functions as serial clock
mode output
1 0 Asynchronous mode External clock/SCK pin functions as clock input™
Clocked synchronous External clock/SCK pin functions as serial clock
mode input
1 Asynchronous mode External clock/SCK pin functions as clock input™
Clocked synchronous External clock/SCK pin functions as serial clock
mode input

Notes: 1. Initial value
2. Outputs a clock of the same frequency as the bit rate.
3. Inputs a clock with a frequency 16 times the bit rate.

12.2.7  Serial Status Register (SSR)

Bit : 7 6 5 4 3 2 1 0

| TDRE | RDRF | ORER | FER | PER | TEND | MPB | MPBT |
Initial value : 1 0 0 0 0 1 0 0
R/W : R/(W)*  R/(W)* R/(W)* R/(W)* R/(W)* R R R/W

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

SSR is an 8-bit register containing status flags that indicate the operating status of the SCI, and
multiprocessor bits.

SSR can be read or written to by the CPU at all times. However, 1 cannot be written to flags
TDRE, RDRF, ORER, PER, and FER. Also note that in order to clear these flags they must be
read as 1 beforehand. The TEND flag and MPB flag are read-only flags and cannot be modified.

SSR is initialized to H'84 by a reset, in standby mode, watch mode, subactive mode, and subsleep
mode or module stop mode.
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Bit 7—Transmit Data Register Empty (TDRE): Indicates that data has been transferred from
TDR to TSR and the next serial data can be written to TDR.

Bit7
TDRE Description
0 [Clearing conditions]

e When 0 is written to TDRE after reading TDRE = 1
e When the DMAC or DTC* is activated by a TXI interrupt and writes data to TDR

1 [Setting conditions] (Initial value)
e When the TE bitin SCR is 0

e When data is transferred from TDR to TSR and data can be written to TDR

Note: * This bit is cleared by DTC when DISEL = 0 and furthermore the transfer counter is not
0.

Bit 6—Receive Data Register Full (RDRF): Indicates that the received data is stored in RDR.

Bit 6
RDRF Description
0 [Clearing conditions] (Initial value)
e When 0 is written to RDRF after reading RDRF = 1
o When the DMAC or DTC* is activated by an RXl interrupt and reads data from
RDR
1 [Setting condition]
e When serial reception ends normally and receive data is transferred from RSR to
RDR

Note: RDR and the RDRF flag are not affected and retain their previous values when an error is
detected during reception or when the RE bit in SCR is cleared to 0.
If reception of the next data is completed while the RDRF flag is still set to 1, an overrun
error will occur and the receive data will be lost.
* This bit is cleared by DTC when DISEL = 0 and furthermore the transfer counter is not
0.
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Bit 5—Overrun Error (ORER): Indicates that an overrun error occurred during reception,
causing abnormal termination.

Bit 5

ORER Description

0 [Clearing condition] (Initial value)™
e When 0 is written to ORER after reading ORER = 1

1 [Setting condition]

e When the next serial reception is completed while RDRF = 1**

Notes: 1. The ORER flag is not affected and retains its previous state when the RE bit in SCR is
cleared to 0.

2. The receive data prior to the overrun error is retained in RDR, and the data received
subsequently is lost. Also, subsequent serial reception cannot be continued while the
ORER flag is set to 1. In clocked synchronous mode, serial transmission cannot be
continued, either.

Bit 4—Framing Error (FER): Indicates that a framing error occurred during reception in
asynchronous mode, causing abnormal termination.

Bit 4

FER Description

0 [Clearing condition] (Initial value)™
e When 0 is written to FER after reading FER = 1

1 [Setting condition]

¢ When the SCI checks whether the stop bit at the end of the receive data when
reception ends, and the stop bit is 0 **

Notes: 1. The FER flag is not affected and retains its previous state when the RE bit in SCR is
cleared to 0.

2. In 2-stop-bit mode, only the first stop bit is checked for a value of 0; the second stop bit
is not checked. If a framing error occurs, the receive data is transferred to RDR but the
RDREF flag is not set. Also, subsequent serial reception cannot be continued while the
FER flag is set to 1. In clocked synchronous mode, serial transmission cannot be
continued, either.

Rev.4.00 Sep. 18, 2008 Page 469 of 872
REJ09B0189-0400
RENESAS



Section 12 Serial Communication Interface (SCI)

Bit 3—Parity Error (PER): Indicates that a parity error occurred during reception using parity
addition in asynchronous mode, causing abnormal termination.

Bit 3

PER Description

0 [Clearing condition] (Initial value)™
e When 0 is written to PER after reading PER = 1

1 [Setting condition]

e When, in reception, the number of 1 bits in the receive data plus the parity bit does
not match the parity setting (even or odd) specified by the O/E bit in SMR™

Notes: 1. The PER flag is not affected and retains its previous state when the RE bit in SCR is
cleared to 0.

2. If a parity error occurs, the receive data is transferred to RDR but the RDRF flag is not
set. Also, subsequent serial reception cannot be continued while the PER flag is set to
1. In clocked synchronous mode, serial transmission cannot be continued, either.

Bit 2—Transmit End (TEND): Indicates that there is no valid data in TDR when the last bit of
the transmit character is sent, and transmission has been ended.

The TEND flag is read-only and cannot be modified.

Bit 2
TEND Description
0 [Clearing conditions]

e When 0 is written to TDRE after reading TDRE = 1
e When the DMAC or DTC* is activated by a TXI interrupt and writes data to TDR

1 [Setting conditions] (Initial value)
e When the TE bitin SCRis 0
o When TDRE = 1 at transmission of the last bit of a 1-byte serial transmit character

Note: * This bitis cleared by DTC when DISEL = 0 and furthermore the transfer counter is not
0.
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Bit 1—Multiprocessor Bit (MPB): When reception is performed using multiprocessor format in
asynchronous mode, MPB stores the multiprocessor bit in the receive data.

MPB is a read-only bit, and cannot be modified.

Bit 1

MPB Description

0 [Clearing condition] (Initial value)*
o When data with a 0 multiprocessor bit is received

1 [Setting condition]

o When data with a 1 multiprocessor bit is received

Note: * Retains its previous state when the RE bit in SCR is cleared to 0 with multiprocessor
format.

Bit 0—Multiprocessor Bit Transfer (MPBT): When transmission is performed using
multiprocessor format in asynchronous mode, MPBT stores the multiprocessor bit to be added to
the transmit data.

The MPBT bit setting is invalid when multiprocessor format is not used, when not transmitting,
and in clocked synchronous mode.

Bit 0

MPBT Description

0 Data with a 0 multiprocessor bit is transmitted (Initial value)
1 Data with a 1 multiprocessor bit is transmitted
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12.2.8 Bit Rate Register (BRR)

Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

BRR is an 8-bit register that sets the serial transfer bit rate in accordance with the baud rate
generator operating clock selected by bits CKS1 and CKSO in SMR.

BRR can be read or written to by the CPU at all times.

BRR is initialized to HFF by a reset and in hardware standby mode. It retains its previous state in
module stop mode, software standby mode, watch mode, subactive mode, and subsleep mode.

As baud rate generator control is performed independently for each channel, different values can
be set for each channel.

Table 12.3 shows sample BRR settings in asynchronous mode, and table 12.4 shows sample BRR
settings in clocked synchronous mode.
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Table 12.3 BRR Settings for Various Bit Rates (Asynchronous Mode)

¢ =2 MHz ¢ =2.097152 MHz ¢ = 2.4576 MHz ¢ =3 MHz

Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 1 141 0.03 1 148 -0.04 1 174  -0.26 1 212 0.03
150 1 103 0.16 1 108 021 1 127  0.00 1 155  0.16
300 0 207 016 O 217 021 0 255 0.00 1 77 0.16
600 0 103 0.16 0 108 021 O 127 000 O 155  0.16
1200 0 51 0.16 0 54 -0.70 0 63 0.00 O 77 0.16
2400 0 25 0.16 0 26 114 0 31 0.00 O 38 0.16
4800 0 12 0.16 0 13 248 0 15 0.00 O 19 —2.34
9600 — — — 0 6 —2.48 0 7 0.00 O 9 —2.34
19200 — — — — — — 0 3 0.00 O 4 —2.34
31250 0 1 0.00 — — — — — — 0 2 0.00
38400 — — — — — — 0 1 0.00 — — —

¢ = 3.6864 MHz ¢ =4 MHz ¢ =4.9152 MHz ¢ =5 MHz
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 64 070 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 O 207 016 O 255 0.00 1 64 0.16
1200 0 95 0.00 O 103 0.16 0 127 000 O 129 0.16
2400 0 47 0.00 O 51 0.16 0 63 0.00 O 64 0.16
4800 0 23 0.00 O 25 0.16 0 31 0.00 O 32 -1.36
9600 0 11 0.00 O 12 0.16 0 15 0.00 O 15 1.73
19200 0 5 0.00 — — — 0 7 0.00 O 7 1.73
31250 — — — 0 3 0.00 O 4 -1.70 0 4 0.00
38400 0 2 0.00 — — — 0 3 0.00 O 3 1.73
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¢ =6 MHz ¢ =6.144 MHz ¢ =7.3728 MHz ¢ =8 MHz

Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
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 0 155 016 O 159 000 O 191 000 O 207 0.16
2400 0 77 0.16 O 79 000 O 95 000 O 103 0.16
4800 0 38 016 O 39 000 O 47 000 O 51 0.16
9600 0 19 234 0 19 000 O 23 000 O 25 0.16
19200 0 9 -234 0 9 000 O 11 000 O 12 0.16
31250 0 5 000 O 5 240 — — — 0 7 0.00
38400 0 4 -234 0 4 000 O 5 0.00 — — —

¢ = 9.8304 MHz ¢ =10 MHz ¢ =12 MHz ¢ =12.288 MHz
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 174 -0.26 2 177 -0.25 2 212 003 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 0 127 000 O 129 0.16 O 155 0.16 O 159 0.00
4800 0 63 000 O 64 016 O 77 016 O 79 0.00
9600 0 31 000 O 32 -1.36 0 38 0.16 O 39 0.00
19200 0 15 000 O 15 173 0 19 -234 0 19 0.00
31250 0 9 -1.70 0O 9 000 O 11 000 O 11 2.40
38400 0 7 000 O 7 173 0 9 234 0 9 0.00
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¢ =14 MHz ¢ =14.7456 MHz ¢ =16 MHz
Bit Rate Error Error Error
(bit/s) n N (%) n N (%) n N (%)
110 2 248 -0.17 3 64 070 3 70 0.03
150 2 181 0.16 2 191 0.00 2 207 0.16
300 2 90 0.16 2 95 0.00 2 103 0.16
600 1 181 0.16 1 191 0.00 1 207 0.16
1200 1 90 0.16 1 95 0.00 1 103 0.16
2400 0 181 0.16 O 191 000 O 207 0.16
4800 0 90 016 O 95 000 O 103 0.16
9600 0 45 -0.93 0 47 000 O 51 0.16
19200 0 22 -093 0 23 000 O 25 0.16
31250 0 13 000 O 14 -1.70 0 15 0.00
38400 — — — 0 11 000 O 12 0.16
Note: Example when ABCS in SEMRO is cleared to 0. The bit rate is 2x if ABCS is set to 1.
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Table 12.4 BRR Settings for Various Bit Rates (Clocked Synchronous Mode)

¢ =2 MHz ¢ =4 MHz ¢ =6 MHz ¢ =8 MHz ¢ =10 MHz ¢ =16 MHz

Bit Rate

(bit/s) n N n N n N n N n N n N
110 3 70 — —

250 2 124 2 249 3 124 — — 3 249
500 1 249 2 124 2 249 — — 3 124
1k 1 124 A 249 2 124 — — 2 249
25k 0 199 1 99 1 149 1 199 1 249 2 99
5k 0 99 0 199 1 74 1 99 1 124 A1 199
10k 0 49 0 99 0 149 0 199 0 249 1 99
25k 0 19 0 39 0 59 0 79 0 99 0 159
50 k 0 9 0 19 0 29 0 39 0 49 0 79
100 k 0 4 0 9 0 14 0 19 0 24 0 39
250 k 0 1 0 3 0 5 0 7 0 9 0 15
500 k 0 0* 0 1 0 2 0 3 0 4 0 7
1M 0 o* 0 1 0 3
25M 0 0*

4M 0 0*
Legend:

Blank: Cannot be set.
— Can be set, but there will be a degree of error.
*; Continuous transfer is not possible.

Rev.4.00 Sep. 18, 2008 Page 476 of 872
REJ09B0189-0400
RENESAS



Section 12 Serial Communication Interface (SCI)

The BRR setting is found from the following formulas.

Mode ABCS Bit Rate Error
Asynchronous 0 o x 10° 0 x 10°
mode B= Baxorix(Nr1) Crorie= {Bx64><22”" XN+ 1) 1} x100
1 6 6
_ 0x10 o/ _ o x 10 _
B= Soxomixnen o= {Bx32><22”" < (N+1) 1} X100

Clocked X o x 10° —
synchronous B= 5o x (N+1)
mode
Legend: B: Bit rate (bit/s)

N: BRR setting for baud rate generator (0 < N < 255)

¢: Operating frequency (MHz)

n: Baud rate generator input clock (n = 0 to 3)

(See the table below for the relation between n and the clock.)
X: Don’t care
SMR Setting

n Clock CKS1 CKSo0

0 ) 0 0

1 o4 0 1

2 »/16 1 0

3 $/64 1 1
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Table 12.5 shows the maximum bit rate for each frequency in asynchronous mode. Tables 12.6
and 12.7 show the maximum bit rates with external clock input.

When the ABCS bit in SCIO's serial expansion mode register 0 (SEMRO) is set to 1 in
asynchronous mode, the maximum bit rates are twice those shown in tables 12.5 and 12.6.

Table 12.5 Maximum Bit Rate for Each Frequency (Asynchronous Mode, when ABCS = 0)

¢ (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
49152 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
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Table 12.6 Maximum Bit Rate with External Clock Input (Asynchronous Mode,
when ABCS =0)
¢ (MHz) External Input Clock (MHz) Maximum Bit Rate (bit/s)
2 0.5000 31250
2.097152 0.5243 32768
2.4576 0.6144 38400
3 0.7500 46875
3.6864 0.9216 57600
4 1.0000 62500
4.9152 1.2288 76800
5 1.2500 78125
6 1.5000 93750
6.144 1.5360 96000
7.3728 1.8432 115200
8 2.0000 125000
9.8304 2.4576 153600
10 2.5000 156250
12 3.0000 187500
12.288 3.0720 192000
14 3.5000 218750
14.7456 3.6864 230400
16 4.0000 250000

Table 12.7 Maximum Bit Rate with External Clock Input (Clocked Synchronous Mode)

¢ (MHz) External Input Clock (MHz) Maximum Bit Rate (bit/s)
2 0.3333 333333.3

4 0.6667 666666.7

6 1.0000 1000000.0

8 1.3333 1333333.3

10 1.6667 1666666.7

12 2.0000 2000000.0

14 2.3333 2333333.3

16 2.6667 2666666.7
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12.29 Smart Card Mode Register (SCMR)

Bit : 7 6 5 4 3 2 1 0
-l = =] - [som]sw]| — | — |

Initial value : 1 1 1 1 0 0 1 0

R/W : — — — — R/W R/W — R/W

SCMR selects LSB-first or MSB-first by means of bit SDIR. Except in the case of asynchronous
mode 7-bit data, LSB-first or MSB-first can be selected regardless of the serial communication
mode

SCMR is initialized to H'F2 by a reset and in hardware standby mode. It retains its previous state
in module stop mode, software standby mode, watch mode, subactive mode, and subsleep mode.

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

Bit 3—Smart Card Data Transfer Direction (SDIR): Selects the serial/parallel conversion
format.

This bit is valid when 8-bit data is used as the transmit/receive format.

Bit 3

SDIR Description

0 TDR contents are transmitted LSB-first (Initial value)
Receive data is stored in RDR LSB-first

1 TDR contents are transmitted MSB-first

Receive data is stored in RDR MSB-first
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Bit 2—Smart Card Data Invert (SINV): Specifies inversion of the data logic level. The SINV
bit does not affect the logic level of the parity bit(s): parity bit inversion requires inversion of the
O/E bit in SMR.

Bit 2

SINV Description

0 TDR contents are transmitted without modification (Initial value)
Receive data is stored in RDR without modification

1 TDR contents are inverted before being transmitted

Receive data is stored in RDR in inverted form

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

Bit 0—Reserved: This bit can be read or written to, but only 0 should be written.

12.2.10 Serial Extended Mode Register 0 (SEMRO0)

Bit : 7 6 5 4 3 2 1 0

| sse | — | — | — | aBcs | acs2 | Acst | Acso |
Initial value : 0 Undefined Undefined Undefined 0 0 0 0
R/W : R/W — — — R/W R/W R/W R/W

SEMRO is an 8-bit register that extends the functions of SCIO0.

SEMRO enables selection of the SCIO select function in synchronous mode, base clock setting in
asynchronous mode, and also clock source selection and automatic transfer rate setting.

SEMRO is initialized to H'00 by a reset and in hardware standby mode. It retains its previous state
in module stop mode and software standby mode.
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Bit 7—SCI0 Select Enable (SSE): Allows selection of the SCIO select function when an external
clock is input in synchronous mode. When the SCIO select function is enabled, if 1 is input to the
PGI1/IRQ7 pin, TxDO output goes to the high-impedance state, SCKO input is fixed high inside the
chip, and SCIO data transmission/reception is halted.

The SSE setting is valid when external clock input is used (CKE1 = 1 in SCR) in synchronous
mode (C/A = 1 in SMR). When an internal clock is selected (CKEI = 0 in SCR) in synchronous
mode, or when the chip is in asynchronous mode (C/A =0 in SMR), the SCIO select function is
disabled even if SSE is set to 1.

Bit 7

SSE Description

0 SCIO select function disabled (Initial value)
1 SCIO select function enabled

When PG1/IRQ7 pin input = 1, TxDO output goes to high-impedance state and SCKO
clock input is fixed high

Bits 6 to 4—Reserved: Write O to these bits.

Bit 3—Asynchronous Base Clock Select (ABCS): Selects the 1-bit-interval base clock in
asynchronous mode.

The ABCS setting is valid in asynchronous mode (C/A = 0 in SMR). It is invalid in synchronous
mode (C/A = 1 in SMR).

Bit 3

ABCS Description

0 SCI0 operates on base clock with frequency of 16 times transfer rate  (Initial value)
1 SCI0 operates on base clock with frequency of 8 times transfer rate
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Bits 2 to 0—Asynchronous Clock Source Select 2 to 0 (ACS2 to ACS0): These bits select the
clock source in asynchronous mode.

When an average transfer rate is selected, the base clock is set automatically regardless of the
ABCS value. Note that average transfer rates are not supported for operating frequencies other
than 10.667 MHz and 16 MHz.

The setting in bits ACS2 to ACSO is valid when external clock input is used (CKE1 =1 in SCR) in
asynchronous mode (C/A = 0 in SMR). The setting in ACS2 to ACSO0 is invalid when an internal
clock is selected (CKE1 = 0 in SCR) in asynchronous mode, or when the chip is in synchronous
mode (C/A = 1 in SMR).

Bit 2 Bit 1 Bit 0

ACS2 ACS1 ACSO0 Description

0 0 0 External clock input (Initial value)
1 115.152 kbps average transfer rate (for ¢ = 10.667 MHz only)

is selected (SCI0 operates on base clock with frequency of
16 times transfer rate)

1 0 460.606 kbps average transfer rate (for ¢ = 10.667 MHz only)
is selected (SCIO operates on base clock with frequency of 8
times transfer rate)

Reserved
1 0 0 TPU clock input (AND of TIOCA1 and TIOCA2)

115.196 kbps average transfer rate (for ¢ = 16 MHz only) is
selected (SCIO0 operates on base clock with frequency of 16
times transfer rate)

1 0 460.784 kbps average transfer rate (for ¢ = 16 MHz only) is
selected (SCI0 operates on base clock with frequency of 16
times transfer rate)

1 720 kbps average transfer rate (for ¢ = 16 MHz only) is
selected (SCI0 operates on base clock with frequency of 8
times transfer rate)

Figures 12.3 and 12.4 show examples of the internal base clock when an average transfer rate is
selected.

Rev.4.00 Sep. 18, 2008 Page 483 of 872
REJ09B0189-0400

RENESAS



Section 12 Serial Communication Interface (SCI)

“)Iq 8uo Jo yibus| 8y} SEOp 0S ‘SBLIBA UOEZIUOIYOUAS 3O0[0 9SEBq U} SY + :9JON

%Er0°0- = Jo1e abeleny
sday 909°09% = 8/ZHIN 8789°€ = el Jojsuel} abeiany

48 X{00[0 858q = g |
8 L9 S v € ¢t
| ZHIN 8Y89°'€ N
_ ZHIN £8E°S Iv_ —

v € ¢ L S5vS €525 LS 0S 6V 8V LV OV S¥ ¥¥ €V ¥ ¥ OV 6€ 8€ LE 9€ GE ¥E€ €€ CE L€ 0E€ 6C 82 LC 9 G2 ¥C €2 22 L2 02 61 8L LL 9L GL VL €L CLLLOL 6 8 L 9 S ¥ € T |

(ebeione) ZHW 8789°€

= (95/8€) X ZHIN €€€°S
ZHIN EEE'S = 2/ZHIN L99'0}
3000 aseg

alel Jasue) abeione sday 909°09% UM %00[0 aseg

%Ep0°0- = oo ebelany
sday 2G1'GLL =91L/ZHIN ver8' | = 8lel Jejsuel} ebeleny

491 X %000 9589 = 1q |
9L sk pieL arithob 68 L9 S b

- ZHIN b2v8'L |

_ N.._s:mo.mlv_ l—

B I I Iy I Iy I I 6 Iy I I oy Iy I I e I o e I e 0 e O A e H ]
¥ € ¢ | G5 ¥S €SS LG 05 6v 8Y Ly 9¥ Sv ¥¥ €V ¥ Lv O 6€ 8E L€ 9E GE V€ €€ 2€ L€ OF 62 82 L2 92 GC 2 €2 ¢ L2 02 61 8L LL 9L SL¥L €L 2L LLOL 6 8 L 9 G ¥ € 2 |

€ 2

(ebelone) ZHIN ¥2v8' L

= (S5/8€) X ZHW £99'2

ZHIN £99'Z = b/ZHW LL99°0}
3000 aseg

ojel Jojsuel) obesone sdgy 2GL'G L} Yim %000 aseg

ZHIN £99°01 = & UBUM

Figure 12.3 Examples of Base Clock when Average Transfer Rate Is Selected (1)

RENESAS

Rev.4.00 Sep. 18, 2008 Page 484 of 872

REJ09B0189-0400



Section 12 Serial Communication Interface (SCI)

“}Q BUO Jo YBUS| Y} SIOP OS ‘SBUBA UOIEZIUCIYIUAS 3O0J0 SBQ Ul SY 4 :BION

%0 = Jous abeiany
SAQX 022 = 8/ZHIN 92°G = B1ed Jejsuel) abeleny

8 X5j00[0 858G = }1q |

T 8 L9 S v € ¢ |
ZHN 9L' _

B [ ' 8y 6 ¥y I Iy I 1y 6 6 6y 6 Iy 6 6y 6y 6 Wy Ny B Wy B Wy Wy
Sz vz €22C b2 026k 8LLLOLGLpLELCHLLOL 6 8 L 9 G v € 2 L SZvgec ez k202 6k 8L LbOLGhPLELCHLLOL 6 8 L 9 G ¥ € 2 |

e —»| fe—

(obesone)

ZHN 92°G = (S2/81) X ZHIN 8
ZHIN 8 = 2/ZHW 9}

¥00[0 aseg

ojel Jajsue) abesane sdagy 0z, Yim 4o0[0 aseg

%¥00°0- = Joiie abeseny
sAay $82°09% = 91/ZHIN G2LE"L = olel Jajsuel} abesany

+91 X000 85Bq = }q |

SLslvlel 2iL0L 68 L 9SSt ez |
| ZHIN G2LE'L _

NN gy NN ey Ny N N Ny N e N Ny Ny N Ny N RNy Ny NN NN Ry N AN A}
65 85 /G 95 SS ¥ €5 ¢S LS 0S 6V 8% Lv 9% G¥ ¥ € gv Ly OF 68 8E € 9€ SE ¥E €€ € L€ OF 6C 82 L2 92 G2 v2 €2 22 L2 0Z 61 8L LL 9L GLvL €L gL LLOL 6 8 £ 9 G ¥ € 2 +

(obesone)
ZHIN G2LeL = (LS/LY) X ZHN 8
ZHIN 8 = 2/ZHIN 9}

ZHN 8 I'_ —
o0 aseg

aes Jajsuel) obesane sdgy $82°091 UIM %200 aseg

%¥00°0- = Joi1e abeseny
sday 961°Gk1 = 9L/ZH LEYS' | = Blel Jejsuel) abeieny

+91 X X000 9sBq = U] |
oLslvlel 2iL0L 68 L 9 St gz |
ZHN el

U L L L Ly
8 L 9 S ¥ € 2 L IS 056V 8y Ly 9 St ¥h v 2v Lb Ov 66 8E LE 9E SE VE EE CE L€ OF 62 82 L2 92 SZ b2 €2 22 k2 02 6} 8L LL 9L GL vL €L 2 kL O 6 8 £ 9 G v € 2 |

(eBeiane)
ZHIN LEV8'L = (LS/2Y) X ZHN g
ZHN 2 = 8/ZHI 91

ZHN 2 I'_ —
Yoo aseg

alel Jajsuel) ebesone SAGy 961Gl | UM %000 8seg

ZH 9} = ¢ usym

Figure 12.4 Examples of Base Clock when Average Transfer Rate Is Selected (2)
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12.2.11 Module Stop Control Register B (MSTPCRB)

Bit : 7 6 5 4 3 2 1 0
|MSTPB7| MSTPBG| MSTPBS| MSTPB4| MSTPBS|MSTPB2 | MSTPB1 |MSTPBO|

Initial value : 1 1 1 1 1 1 1 1

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

MSTPCRB is an 8-bit readable/writable register that performs module stop mode control.

When one of bits MSTPB7 to MSTPBS is set to 1, SCIO, SCI1, or SCI2 respectively, stops
operation at the end of the bus cycle, and enters module stop mode. For details, see section 17.5,
Module Stop Mode.

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

Bit 7—Module Stop (MSTPB7): Specifies the SCIO module stop mode.

Bit 7

WDescription

0 SCI0 module stop mode is cleared

1 SCI0 module stop mode is set (Initial value)

Bit 6—Module Stop (MSTPB6): Specifies the SCI1 module stop mode.

Bit 6

MSTPB6 Description

0 SCI1 module stop mode is cleared

1 SCI1 module stop mode is set (Initial value)

Bit 5—Module Stop (MSTPBS): Specifies the SCI2 module stop mode.

Bit 5
