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Old Company Name in Catalogs and Other Documents

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

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

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

LENESAS



10.

11

12.

Notice

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

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

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

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

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

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

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

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

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

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

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

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

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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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 Precautionsin the Handling of MPU/MCU Products
Configuration of This Manual

Preface

Main Revisions for This Edition

Contents

Overview

Description of Functional Modules

e 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) Feature

ii) Input/Output Pin
iii) Register Description
iv) Operation

v) Usage Note

N o g s~ NP

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

8. List of Registers
9. Electrical Characteristics
10. Appendix

The list of revisionsisasummary of points that have been revised or added to earlier versions.
This does not include all of the revised contents. For details, see the actual locationsin this
manual.

11. Index
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Preface

The H85/2628 Group are single-chip microcomputers made up of the high-speed H8S/2600 CPU
asitscore, and the peripheral functions reguired to configure a system. The H8S/2600 CPU has an
instruction set that is compatible with the H8/300 and H8/300H CPUs.

This LSl is equipped with a data transfer controller (DTC), ROM and RAM memory, a PC break
controller (PBC), a 16-bit timer pulse unit (TPU), a programmable pulse generator (PPG), a
watchdog timer (WDT), aserial communication interface (SCI), a controller area network
(HCAN), a synchronous serial communication unit (SSU), an A/D converter, and /O ports as on-
chip peripheral modules required for system configuration. This LSl is suitable for use as an
embedded microcomputer for high-level control systems. A single-power flash memory (F-
ZTAT™) versionis available for thisLSI’s ROM. This provides flexibility asit can be
reprogrammed in no time to cope with all situations from the early stages of mass production to
full-scale mass production. Thisis particularly applicable to application devices with
specifications that will most probably change.

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

Target Users.  This manual was written for users who will be using the H85/2628 Group in the
design of application systems. Target users 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 H85/2628 Group to the target users.
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 Inorder 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 Inorder to understand the details of the CPU’ s functions
Read the H8S/2600 Series, H85/2000 Series Software Manual.
e Inorder to understand the details of aregister when its name is known

Read the index that isthe final part of the manual to find the page number of the entry on the
register. The addresses, bits, and initial values of the registers are summarized in section 23,
List of Registers.
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Example: Register name: The following notation is used for cases when the same or a
similar function, e.g. 16-bit timer pulse unit or seria
communication, isimplemented on more than one channel:
XXX_N (XXX istheregister name and N is the channel

number)

Bit order: The MSB is on the left and the LSB ison theright.

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/
H8S5/2628 Group manuals:

Document Title

Document No.

H8S/2628 Group Hardware Manual

This manual

H8S/2600 Series, H8S/2000 Series Software Manual

REJO09B0139

User’s manuals for development tools:

Document Title

Document No.

H8S, H8/300 Series C/C++ Compiler, Assembler, Optimizing Linkage Editor =~ REJ10J2039
User’s Manual

H8S, H8/300 Series Simulator/Debugger User’'s Manual REJ10B0211
High-performance Embedded Workshop User’'s Manual REJ10J2037
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Main Revisions for This Edition

Item Page

Revision (See Manual for Details)

2.3 Address Space 18

Figure 2.5 Memory
Map

Figure amended

H'0000 H'00000000
64 kbytes
H'FFFF 16 Mbytes Program area
H'OOFFFFFF | _______________ Data area
Cannot be
used for
this LSI
H'FFFFFFFF
(a) Normal Mode* (b) Advanced Mode

Note: * Normal mode is not available in this LSI.

3.2 Register 49
Descriptions

Description added

The following registers are related to the operating mode. For
the addresses of these registers and information on the register
states in different operating modes, see section 23, List of
Registers.

4.8 Usage Note 64

Figure 4.4 Operation
when SP Value Is Odd

Figure amended

Address

CCR SP— RIL HFFFEFA

SP—~ HFFFEFB

e PC HFFFEFC

HFFFEFD

777777777777777777777777777777777777777777777777777777 H'FFFEFE

il IS I I I HFFFEFF
SP set to H'FFFEFF TRAPA instruction executed MOV.B R1L, @-ER?7 instruction executed

Data saved above SP Contents of CCR lost

5.3 Register 67
Descriptions

Description added

The interrupt controller has the following registers. For the
addresses of these registers and information on the register
states in different operating modes, see section 23, List of
Registers. For the system control register (SYSCR), refer to
section 3.2.2, System Control Register (SYSCR).
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Item

Page

Revision (See Manual for Details)

6.2 Register
Descriptions

88

Description added

The PC break controller has the following registers. For the
addresses of these registers and information on the register
states in different operating modes, see section 23, List of
Registers.

8.2 Register
Descriptions

103

Description added

The DTC has the following registers. For the addresses of these
registers and information on the register states in different
operating modes, see section 23, List of Registers.

9.1 Portl

131

Description added

Port 1 is an 8-hit I/0 port and has the following registers. For the
addresses of these registers and information on the register
states in different operating modes, see section 23, List of
Registers.

9.2 Port3

136

Description added

Port 3 is an 8-bit 1/0 port and has the following registers. For the
addresses of these registers and information on the register
states in different operating modes, see section 23, List of
Registers.

9.3 Port4

140

Description added

PORT4 is an 8-hit read-only register that shows port 4 pin
states. For the address of this register and information on the
register states in different operating modes, see section 23, List
of Registers.

9.4 Port7

140

Description added

Port 7 is an 8-bit I/0 port and has the following registers. For the
addresses of these registers and information on the register
states in different operating modes, see section 23, List of
Registers.

9.5 Port9

144

Description added

Port 9 is an input-only port. Port 9 pins also function as A/D
converter analog input pins. Port 9 has the following register.
For the address of this register and information on the register
states in different operating modes, see section 23, List of
Registers.

9.6 PortA

145

Description added

Port A is a 4-bit I/O port that also has other functions. Port A
has the following registers. For the addresses of these registers
and information on the register states in different operating
modes, see section 23, List of Registers.
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Item

Page

Revision (See Manual for Details)

9.7 PortB

149

Description added

Port B is an 8-bit I/0 port that also has other functions. Port B
has the following registers. For the addresses of these registers
and information on the register states in different operating
modes, see section 23, List of Registers.

9.8 PortC

154

Description added

Port C is an 8-bit I/O port that also has other functions. Port C
has the following registers. For the addresses of these registers
and information on the register states in different operating
modes, see section 23, List of Registers.

9.9 PortD

160

Description added

Port D has the following registers. For the addresses of these
registers and information on the register states in different
operating modes, see section 23, List of Registers.

9.10 PortF

163

Description added

Port F has the following registers. For the addresses of these
registers and information on the register states in different
operating modes, see section 23, List of Registers.

10.3 Register
Descriptions

172

Description added

The TPU has the following registers. For the addresses of these
registers and information on the register states in different
operating modes, see section 23, List of Registers.

10.3.5 Timer Status
Register (TSR)

200

Table amended
Bit  Bit Name Initial value  R/W Description

5 TCFU 0 R/(W)* Underflow Flag

Status flag that indicates that TCNT underflow has
occurred when channels 1, 2, 4, and 5 are set to
phase counting mode.

In channels 0 and 3, bit 5 is reserved. It is always
read as 0 and cannot be modified.

4 TCFV 0 R/(W)* Overflow Flag

Status flag that indicates that TCNT overflow has
occurred.
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Item Page Revision (See Manual for Details)
10.3.5 Timer Status 201 Table amended
Register (TSR) Bit BitName Initialvalue RW Descripton
3 TGFD 0 R/(W)*  Input Capture/Output Compare Flag D
Status flag that indicates the occurrence of TGRD
input capture or compare match in channels 0 and 3.
In channels 1,
2, 4, and 5, bit 3 is reserved. It is always read as 0
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, and cannot be modified.
2 TGFC 0 R/(W)* Input Capture/Output Compare Flag C
Status flag that indicates the occurrence of TGRC
input capture or compare match in channels 0 and 3.
In channels 1,
2,4, and 5, bit 2 is reserved. It is always read as 0
and cannot be modified.
202 Table amended
Bit  Bit Name Initial value  R/W Description
1 TaFB o R/AW)* Input Capture/Output Compare Flag 8
Status flag that indicates the occurrence of TGRB
input capture or compare match.
0 TGFA o RAW)* Input Capture/Output Compare Flag A
Status flag that indicates the occurrence of TGRA
input capture or compare match.
Note added
Note: * Only a O can be written to this bit, to clear the flag.
11.3 Register 253 Description added
Descriptions The 8-bit timer has the following registers. For the addresses of
these registers and information on the register states in different
operating modes, see section 23, List of Registers.
12.3 Register 277 Description added
Descriptions The PPG has the following registers. For the addresses of these
registers and information on the register states in different
operating modes, see section 23, List of Registers.
13.2 Register 296 Description added

Descriptions

The WDT has the following three registers. For the addresses of
these registers and information on the register states in different
operating modes, see section 23, List of Registers.
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Item Page

Revision (See Manual for Details)

13.5.1 Notes on 302
Register Access

Figure 13.3 Writing
to TCNT, TCSR, and
RSTCSR (Example for
WDTO0)

Figure amended

TCNT write
Writing to RSTE and RSTS bits
Address: H'FF74;5 8 I 7 - 0
HEF76 H'5A Write data
TCSR write
Writing 0 to WOVF bit
1 7
Address: HFF74/ > HA5 - [ Write data or H00 0|
H'FF76

14.3 Register 307
Descriptions

Description added

The SCI has the following registers for each channel. For the
addresses of these registers and information on the register
states in different operating modes, see section 23, List of
Registers.

14.3.7 Serial Status 316
Register (SSR)

* Normal Serial
Communication
Interface Mode (When
SMIF in SCMR Is 0)

Table amended

Bit Bit Name Initial Value R/W Description
7 TDRE 1 R/(W)*  Transmit Data Register Empty
Displays whether TDR contains transmit data.

6 RDRF 0 R/(W)*  Receive Data Register Full
Indicates that the received data is stored in RDR.

317 Table amended
Bit  Bit Name Initial Value R/W Description
5 ORER o T RAW)*  OvemunEmor T
4 FER o R(W)* Framing Eror
3 PER o R(W)* Parity Eor
318 Note added

Note: * Only a 0 can be written to this bit, to clear the flag.

* Smart Card Interface 319
Mode (When SMIF in
SCMR Is 1)

Table amended

Bit Bit Name Initial Value R/W Description
7 TDRE 1 R/(W)#*  Transmit Data Register Empty
Displays whether TDR contains transmit data.

6 RDRF 0 R/(W)*  Receive Data Register Full
Indicates that the received data is stored in RDR.

320

Table amended

Bit  Bit Name Initial Value R/W Description

5 ORER 0 R/(W)*  Overrun Error

4 ERS o R(W)* Eror Signal Stais
3 PER o RAW)* Parity Eror
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Item Page Revision (See Manual for Details)
14.3.7 Serial Status 321 Note added
Register (SSR) Note: * Only a 0 can be written to this bit, to clear the flag.
* Smart Card Interface
Mode (When SMIF in
SCMR Is 1)
14.7.6 Data 362 Figure amended
TransmlSS|0n (Except ‘47 nth transfer frame 4>’<7 Retransferred frame —————| ;:::Z‘:;
for Block Transfer (o)
~0s|pd]o1]p2pdlp4]os]pelp7 Dp|-|D§—|Ds|D0|D1|D2|D3|D4|D5|D6|D7|Dp|—|Ds|DO|D1|D2|D3|D4|
Mode) ;
. TDRE J
Figure 14.26 . Transfer to TSR from TDR 4 fransfer to TSR from TOR 4 T'a;‘Sfe”" TSR
Retransfer Operation TEND 3 rom TOR
in SCI Transmit Mode P e
FER/ERS

b b
14.7.7 Serial Data 364 Figure amended
gﬁ) (:Cip_??;n(sfexf&e:dfg; ‘47 nth transfer frame 4%47 Retransferred frame 4%122??11
Figure 14.29 -|Ds|Do|D1|Dz|D3|D4|Ds|Ds|D7|Dp|-E|—|Ds|Do|D1|Dz|Ds|D4|D5|De|D7|Dp|E:Ds|Do|D1|D2|Da|D4|
Retransfer Operation RDRF
in SCI Receive Mode 2] LNE)

PER ‘
L 3¢l] dg
14.7.8 Clock Output 367 Figure amended
Control ) Software )
Figure 14.32 Clock _ Normal operation _ standby Normal operation
Halt and Restart
Procedure
[1]1 [2] [3] [4] [5] 11 2]

14.9.5 SCI 371 to 14.9.5 added
Operations during 374
Mode Transitions
14.9.6 Noteswhen 375,376 14.9.6 added
Switching from SCK
Pin to Port Pin
15.2 Input/Output 379 Description amended
Pins

A bus driver is necessary for the interface between the pins and
the CAN bus. A R2A25416SP compatible model is
recommended.
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15.3 Register 379 Description added

Descriptions The HCAN has the following registers. For the addresses of
these registers and information on the register states in different
operating modes, see section 23, List of Registers.

15.3.1 Master 380 Description amended

Control Register MCR  controls the HCAN.

(MCR)

15.3.2 General 381 Description amended

Status Register (GSR) GSR indicates the status of the CAN bus.

15.3.3 Bit 383 Description amended

Configuration Register BCR thatis used to set HCAN bit timing parameters and the

(BCR) baud rate prescaler.

15.3.4 Mailbox 385 Description amended

Configuration Register MBCR s used to set the transfer direction for each mailbox.

(MBCR)

15.3.5 Transmit Wait 386 Description amended

Register (TXPR) TXPRis used to set a transmit wait after a transmit message
is stored in a mailbox (buffer) (CAN bus arbitration wait).

15.3.6 Transmit Wait 387 Description amended

Cancel Register TXCR  controls the cancellation of transmit wait messages in

(TXCR) mailboxes (buffers).

15.3.7 Transmit 388 Description amended

Acknowledge Register TXACK contains status flags that indicate the normal

(TXACK) transmission of mailbox (buffer) transmit messages.

15.3.8 Abort 389 Description amended

Acknowledge Register ABACK contains status flags that indicate the normal

(ABACK) cancellation (aborting) of mailbox (buffer) transmit messages.

15.3.9 Receive 390 Description amended

Complete Register RXPR contains status flags that indicate the normal reception of

(RXPR) messages in mailboxes (buffers).

15.3.10 Remote 391 Description amended

Request Register RFPR contains status flags that indicate normal reception of

(RFPR) remote frames in mailboxes (buffers).

15.3.11 Interrupt 392 Description amended

Register (IRR)

IRR is an interrupt status flag register.
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15.3.12 Mailbox 396 Description amended

Interrupt Mask MBIMR  controls the enabling or disabling of individual

Register (MBIMR) mailbox (buffer) interrupt requests.

15.3.13 Interrupt 397 Description amended

Mask Register (IMR) IMR contains flags that enable or disable requests by individual
interrupt sources.

15.3.14 Receive 398 Description amended

Error Counter (REC) REC is an 8-bit read-only register that functions as a counter
indicating the number of receive message errors on the CAN
bus. The count value is stipulated in the CAN protocol.

15.3.15 Transmit 398 Description amended

Error Counter (TEC) TEC is an 8-bit read-only register that functions as a counter
indicating the number of transmit message errors on the CAN
bus. The count value is stipulated in the CAN protocol.

15.3.16 Unread 399 Description amended

Mes_sage Status UMSR contains status flags that indicate, for individual

Register (UMSR) mailboxes (buffers), that a received message has been
overwritten by a new receive message before being read. When
overwritten by a new message, data in the unread received
message is lost.

15.3.17 Local 400 Description amended

Acceptance Filter LAFML and LAFMH  individually set the identifier bits of the

Masks (LAFML, message to be stored in mailbox 0 as Don't Care.

LAFMH)

15.3.20 HCAN 405 Description amended

Monitor Register HCANMON  enables/disables an  interrupt by the HCAN

(HCANMON) reception, controls transmit stop by the HTxD pin, and reflects
the states of the HCAN pins.

15.4.2 |Initialization 410 Note amended

after Hardware Reset Note: The time quantum values for TSEG1 and TSEG?2 are

Table 15.3 Setting determined by TSEG value + 1.

Range for TSEG1 and * Only a value other than BRP[13:8] = B'000000 can be

TSEG2 in BCR B

15.7 CAN Bus 424 Description amended

Interface

A R2A25416SP transceiver IC is recommended. If any other
product is used, confirm that it is compatible with the
R2A25416SP.
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15.7 CAN Bus 424 Figure amended
In.terface . This LSI 1200
Figure 15.16 High-
Speed Interface Using Vee
R2A25416SP R2A25416SP
Port MODE Vcc CAN bus
HRxD RxD CANH|—T-
HTXD TxD CANL
—INC GND|—
NC
7
120 Q
L
Note: NC: No connection
16.3 Register 431 Description added
Descriptions

The SSU has the following registers. For the addresses of these
registers and information on the register states in different
operating modes, see section 23, List of Registers.

16.3.5 SS Status 437
Register (SSSR)

Table amended

Bit Bit Name Initial Value R/W Description
6 ORER o R(W)* Overrun Eror 7
3 TEND [ RIW)* TransmitEnd
438 Table amended
Bit Bit Name Initial Value R/W Description
2 TDRE 1 R/(W)*  Transmit Data Register Empty
1 RORF o RI(W)* Receive Data Register Ful
439 Table amended
Bit  Bit Name Initial Value R/W Description
0 CE 0 R/(W)*  Conflict/Incomplete Error
Note added
Note: * Only a 0 can be written to this bit, to clear the flag.
17.3 Register 458 Description amended
Description The A/D converter has the following registers. For the
addresses of these registers and information on the register
states in different operating modes, see section 23, List of
Registers.
17.3.2 A/D 459 Table amended

Control/Status Register
(ADCSR)

Bit Bit Name Initial Value R/W
7 ADF 0

Description
R/(W)* A/D End Flag

A status flag that indicates the end of A/D
conversion.
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17.3.2 AD 460
Control/Status Register
(ADCSR)

Note added
Note: * Only a 0 can be written to this bit, to clear the flag.

19.5 Register 479
Descriptions

Description added

The flash memory has the following registers. For the
addresses of these registers and information on the register
states in different operating modes, see section 23, List of
Registers.

19.8.3 Interrupt 493
Handling when
Programming/Erasing
Flash Memory

Figure 19.10
Erase/Erase-Verify
Flowchart

Figure replaced

19.12 Note on —
Switching from F-ZTAT
Version to Masked

Description deleted

ROM Version

Section 20 Mask 497,498 Section 20 added
ROM

21.1 Register 500 Description added

Descriptions

The on-chip clock pulse generator has the following registers.
For the addresses of these registers and information on the
register states in different operating modes, see section 23, List
of Registers.

21.6.2 Note on Board 507
Design

Description amended

Figure 21.7 shows external circuitry recommended to be
provided around the PLL circuit. Place oscillation settling
capacitor C1 and resistor R1 close to the PLLCAP pin, and
ensure that no other signal lines cross this line. Separate
PLLVss from the other Vct, Vcc and Vss lines at the board
power supply source, and be sure to insert bypass capacitors
CB close to the pins.

22.1 Register 512
Descriptions

Description added

Registers related to the power down mode are shown below.
For the addresses of these registers and information on the
register states in different operating modes, see section 23, List
of Registers.
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C. Package 602 Figure replaced
Dimensions

Figure C.1 FP-100M
Package Dimensions
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Section 1 Overview

Section1l Overview

11 Overview

o High-speed H8S/2600 central processing unit with an internal 16-bit architecture
— Upward-compatible with H8/300 and H8/300H CPUs on an object level

— Sixteen 16-bit general registers
— 69 basic ingtructions

e Various peripheral functions
— PC break controller
— Datatransfer controller
— 16-bit timer-pulse unit (TPU)
— 8-bit timer (TMR)

— Programmable pulse generator (PPG)

— Watchdog timer

— Asynchronous or clocked synchronous serial communication interface (SCI)

— Controller area network (HCAN)

— Synchronous serial communication unit (SSU)

— 10-hit A/D converter
— Clock pulse generator
¢ On-chip memory

ROM Model ROM RAM Remarks
F-ZTAT Version HD64F2628 128 kbytes 8 kbytes
Masked ROM Version HD6432628 128 kbytes 8 kbytes

HD6432627 128 kbytes 6 kbytes

e General 1/0 ports

— /O pins: 59

— Input-only pins: 17
e Supports various power-down states
o Compact package

Package Package Code

Body Size Pin Pitch

QFP-100 FP-100M

14.0 X 14.0 mm 0.5 mm
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Section 1 Overview

1.2

Internal Block Diagram
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Note: * The FWE pin is provided only in the flash memory version. The NC pin is provided only in the masked ROM version.

Figure1l.1 Internal Block Diagram
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Section 1 Overview

13

Pin Arrangement

[se]
‘c
o
‘Q
N #*, oo
le] 5 aOw jaYa)
‘% Névmwgéﬁgwgéo—g—lwmm"oéé
CLOULOLLCL IS 3J0X I—O§I—O’LU ©wE0A08%
ool laSuUX>SZnSE>S===2aa
OOOOOOOO0OO000OO OO0 OO0 000
RNRRREREBBsEE8IBEo3RBLBBIBNH N
P97/AN15 |76 50[] P32/SCKO0/IRQ4
P96/AN14 []77 491 P33
P95/AN13 [] 78 48[ P34
P94/AN12 []79 471 P35/IRQ5
P93/AN11 []80 461 P36
P92/AN10 []|81 451 P37
P91/AN9 []|82 44[] PA3/SCK2
P90/ANS []83 43[J PA2/RxD2
AVSS []84 421 PA1/TxD2
Vref (]85 41[] PAO
AVCC []86 40[] PB7/TIOCB5
P47/AN7 []87 FP-100M 39[ ] PB6/TIOCA5S
P46/AN6 [|88 (Top view) 38[] PB5/TIOCB4
P45/AN5 []89 37[1 PB4/TIOCA4
P44/AN4 []90 361 PB3/TIOCD3
P43/AN3 []91 351 PB2/TIOCC3
P42/AN2 []92 34[]VSS
P41/AN1 []93 331 PB1/TIOCB3
P40/ANO []94 32[]vccC
P10/PO8/TIOCAO []95 31[J PBO/TIOCA3
P11/PO9/TIOCBO [|96 30[] PC7/SCSH
P12/PO10/TIOCCO/TCLKA []97 29[] PC6/SSCK1
P13/PO11/TIOCDO/TCLKB []98 28[ 1 PC5/SSI1
P14/PO12/TIOCA1/IRQ0 []99 27[1 PC4/SS0O1
P15/PO13/TIOCB1/TCLKC []100 26[1 PC3/SCS0
ANODOTOOONOOO T~ ANMIT O
~TANNOTOLOMNODD A ANANNANAN
N O
C8CRRRc88008RRE0033885383%
mgfngEE§§§§&l&mammam&w%O
S O TTSSEEEE Q=3
< = EEQoaoTw SO
o o = N~NNN og N
3 @ saoooo a O
Y 0O o
3 00
S s=
S E EE
o 2 S
e o oo
S a
g R
o

Note: * The FWE pin is provided only in the flash memory ve
version.

rsion. The NC pin is provided only in the masked ROM

Figure1.2 Pin Arrangement
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Section 1 Overview

1.4 Pin Functions
Type Symbol Pin NO. 1/0 Function
Power VCC 2 Input Power supply pins. Connect all these pins to the
Supply 32 system power supply.
61
VSS 4 Input Ground pins. Connect all these pins to the system
34 power supply (0 V).
56
64

VCL 58 Output  External capacitance pin for internal power-down
power supply. Connect this pin to VSS via a 0.1-
UF capacitor (placed close to the pins).

Clock PLLVSS 65 Input On-chip PLL oscillator ground pin.

PLLCAP 67 Output  External capacitance pin for an on-chip PLL
oscillator.

XTAL 62 Input For connection to a crystal resonator. For
examples of crystal resonator connection and
external clock input, see section 21, Clock Pulse
Generator.

EXTAL 63 Input For connection to a crystal resonator (An external
clock can be supplied from the EXTAL pin). For
examples of crystal resonator connection and
external clock input, see section 21, Clock Pulse
Generator.

[0} 68 Output  Supplies the system clock to external devices.

Operating MD2 55 Input Set the operating mode. Inputs at these pins
mode MD1 54 should not be changed during operation.
control MDO 53

System RES 57 Input Reset input pin. When this pin is low, the chip is
control reset.

STBY 59 Input When this pin is low, a transition is made to
hardware standby mode.

FWE 66 Input Pin for use by flash memory. This pin is only used

in the flash memory version.
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Type Symbol Pin NO. I/0 Function
Interrupts NMI 60 Input Nonmaskable interrupt pin. If this pin is not used,
it should be fixed high.
IRQ5 47 Input These pins request a maskable interrupt.
IRQ4 50
IRQ3 72
IRQ2 75
IRQ1 1
IRQO 99
16-bit timer- TCLKA 97 Input These pins input an external clock.
pulse unit  TCLKB 98
TCLKC 100
TCLKD 3
TIOCAO 95 Input/ TGRA_0 to TGRD_O input capture input/output
TIOCBO 96 Output  compare output/PWM output pins.
TIOCCO 97
TIOCDO 98
TIOCA1 99 Input/ TGRA_1 to TGRB_1 input capture input/output
TIOCB1 100 Output  compare output/PWM output pins.
TIOCA2 1 Input/ TGRA_2 to TGRB_2 input capture input/output
TIOCB2 3 Output  compare output/PWM output pins.
TIOCA3 31 Input/ TGRA_3 to TGRD_3 input capture input/output
TIOCB3 33 Output  compare output/PWM output pins.
TIOCC3 35
TIOCD3 36
TIOCA4 37 Input/ TGRA_4 to TGRB_4 input capture input/output
TIOCB4 38 Output  compare output/PWM output pins.
TIOCAS 39 Input/ TGRA_5 to TGRB_5 input capture input/output
TIOCB5 40 Output  compare output/PWM output pins.
Program- PO15 3 Output  Pulse output pins.
mable pulse PO14 1
generator PO13 100
(PPG) PO12 99
PO11 98
PO10 97
PO9 96
PO8 95

Rev. 4.00 Mar. 16, 2010 Page 5 of 606
REJ09B0155-0400

RENESAS
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Type Symbol Pin NO. 1/0 Function
8-bittimer  TMO3 12 Output  Compare-match output pins.
(TMR) TMO2 11
TMO1 10
TMOO0 9
TMCI23 8 Input Input pins of external clocks input to the counter.
TMCIO1 7
8-bittimer  TMRI23 8 Input Counter reset input pins.
(TMR) TMRIO1 7
Serial TxD2 42 Output  Data output pins.
communi-  TxDO 52
cation RxD2 43 Input Data input pins.
Interface RxDO 51
(scn/
smart card SCK2 44 Input/ Clock input/output pins.
interface SCKO 50 Output
HCAN HTxD 6 Output ~ CAN bus transmission pin.
HRxD 5 Input CAN bus reception pin.
Synchro- SSO1 27 Input/ Data input/output pins.
nous serial SSO0 23 Output
communi- - gg)q 28 Input/ Data input/output pins.
cationunit  ggg 24 Output
(Ssv)
SSCK1 29 Input/ Clock input/output pins.
SSCKO 25 Output
SCS1 30 Input/ Chip select input/output pins.
SCS0 26 Output

Rev. 4.00 Mar. 16, 2010 Page 6 of 606
REJ09B0155-0400

RENESAS



Section 1 Overview

Type Symbol Pin NO. 1/0 Function
A/D AN15 76 Input Analog input pins.
converter AN14 77

AN13 78

AN12 79

AN11 80

AN10 81

AN9 82

ANS8 83

AN7 87

ANG6 88

AN5 89

AN4 90

AN3 91

AN2 92

AN1 93

ANO 94

ADTRG 72 Input Pin for input of an external trigger to start A/D
conversion.

AVCC 86 Input Power supply pin for the A/D converter. When the
A/D converter is not used, connect this pin to the
system power supply (+5 V).

AVSS 84 Input The ground pin for the A/D converter. Connect
this pin to the system power supply (0 V).

Vref 85 Input The reference voltage input pin for the A/D
converter. When the A/D converter is not used,
connect this pin to the system power supply
+5V).

1/0 ports P17 3 Input/ Eight input/output pins.

P16 1 Output

P15 100

P14 99

P13 98

P12 97

P11 96

P10 95
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Type Symbol Pin NO. I/0 Function

1/0 ports P37 45 Input/ Eight input/output pins.
P36 46 Output
P35 47
P34 48
P33 49
P32 50
P31 51
P30 52
P47 87 Input Eight input pins.
P46 88
P45 89
P44 90
P43 91
P42 92
P41 93
P40 94
P77 14 Input/ Eight input/output pins.
P76 13 Output
P75 12
P74 11
P73 10
P72 9
P71 8
P70 7
P97 76 Input Eight input pins.
P96 77
P95 78
P94 79
P93 80
P92 81
P91 82
P90 83
PA3 44 Input/ Four input/output pins.
PA2 43 Output
PAl 42
PAO 41

Rev. 4.00 Mar. 16, 2010 Page 8 of 606
REJ09B0155-0400
RENESAS



Section 1 Overview

Type Symbol Pin NO. I/0 Function

1/0 ports PB7 40 Input/ Eight input/output pins.
PB6 39 Output
PB5 38
PB4 37
PB3 36
PB2 35
PB1 33
PBO 31
PC7 30 Input/ Eight input/output pins.
PC6 29 Output
PC5 28
PC4 27
PC3 26
PC2 25
PC1 24
PCO 23
PD7 22 Input/ Eight input/output pins.
PD6 21 Output
PD5 20
PD4 19
PD3 18
PD2 17
PD1 16
PDO 15
PF7 68 Input/ Eight input/output pins.
PF6 69 Output
PF5 70
PF4 71
PF3 72
PF2 73
PF1 74
PFO 75
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Section 2 CPU

Section2 CPU

The H8S/2600 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/2600 CPU has sixteen 16-hit
general registers, can address a 16-Mbyte linear address space, and isideal for realtime control.
This section describes the H8S/2600 CPU. The usable modes and address spaces differ depending
on the product. For details on each product, refer to section 3, MCU Operating Modes.

21 Features

e Upward-compatible with H8/300 and H8/300H CPUs
— Can execute H8/300 and H8/300H CPUs object programs
e General-register architecture
— Sixteen 16-hit general registers also usable as sixteen 8-bit registers or eight 32-bit registers
e Sixty-nine basic instructions
— 8/16/32-bit arithmetic and logic instructions
— Multiply and divide instructions
— Powerful bit-manipulation instructions
— Multiply-and-accumulate instruction
e Eight addressing modes
— Regigter direct [Rn]
— Register indirect [@ERnN]
— 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
e High-speed operation
— All frequently-used instructions execute in one or two states
— 8/16/32-bit register-register add/subtract: 1 state

— 8 x 8-hit register-register multiply: 3 states
— 16 + 8-hit register-register divide: 12 states
CPUS260A_000020020300 Rev. 4.00 Mar. 16,2010 Page 11 of 606

REJ09B0155-0400
RENESAS



Section 2 CPU

— 16 x 16-bit register-register multiply: 4 states
— 32 + 16-bit register-register divide: 20 states
e Two CPU operating modes
— Normal mode”
— Advanced mode
e Power-down state
— Transition to power-down state by the SLEEP instruction
— CPU clock speed selection

Note: * Normal modeisnot availablein thisLSl.

211 Differ ences between H85/2600 CPU and H85/2000 CPU
The differences between the H8S/2600 CPU and the H8S/2000 CPU are shown below.

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

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

e The number of execution states of the MUL XU and MULXS instructions;

Execution States

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

In addition, there are differences in address space, CCR and EXR register functions, and power-
down modes, etc., depending on the model.
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212 Differ ences from H8/300 CPU

In comparison to the H8/300 CPU, the H8S/2600 CPU has the following enhancements:

More general registers and control registers
— Eight 16-bit extended registers, and 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-M byte address space.

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.

— A multiply-and-accumulate instruction has 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.

2.1.3 Differences from H8/300H CPU

In comparison to the H8/300H CPU, the H8S/2600 CPU has the following enhancements:

More control registers

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

Enhanced instructions

— Addressing modes of bit-manipulation instructions have been enhanced.
— A multiply-and-accumul ate instruction has 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.
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2.2 CPU Operating Modes

The H85/2600 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. The mode is selected by the mode pins.

221 Normal Mode

The exception vector table and stack have the same structure as in the H8/300 CPU.

Address Space
Linear access to a 64-kbyte maximum address space is provided.
Extended Registers (En)

The extended registers (E7 to EQ) 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-hit register it can contain any value, even
when the corresponding general register (Rn) isused 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.

Instruction Set

All instructions and addressing modes can be used. Only the lower 16 bits of effective
addresses (EA) are valid.

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 hits. The exception vector table structure in normal modeis
shown in figure 2.1. For details of the exception vector table, see section 4, Exception
Handling.

The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions
uses an 8-hit 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 area from H'0000 to
H'00FF. Note that the first part of thisrangeis also used for the exception vector table.

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 2.2. EXR is not pushed onto the stack
in interrupt control mode 0. For details, see section 4, Exception Handling.

Note: Normal modeis not availablein thisLSI.
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Section 2 CPU

H'0000 | _ Exception vector 1 -

H'0001

H0002 | _ Exception vector 2 -

H'0003

H'0004 | Exception vector 3 --

H'0005

H'0006 | Exception vector 4 - > Exception
H0007 vector table
H0008 | _ Exception vector 5 -

H'0009

HO00A | _ Exception vector 6 o

H'000B P

N

Figure2.1 Exception Vector Table (Normal Mode)

\/\\/\

SP—~| PC o SP — EXR*1
(16 bits) Reserved:1+3
(SP "% CCR
\_/-\ CCR™
—— PC -—-
(16 bits)
(a) Subroutine Branch (b) Exception Handling

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.

Figure2.2 Stack Structurein Normal Mode

2.2.2 Advanced Mode

e Address Space
Linear access to a 16-Mbyte maximum address space is provided.

e Extended Registers (En)
The extended registers (E7 to EQ) can be used as 16-bit registers, or as the upper 16-bit
segments of 32-bit registers or address registers.
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Instruction Set
All instructions and addressing modes can be used.
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 addressis
stored in the lower 24 bits (figure 2.3). For details of the exception vector table, see section 4,
Exception Handling.

H'00000000 Reserved
Exception vector 1
H'00000003
H'00000004 | ~~  Reserved |
Exception vector 2
H'00000007 |
H'00000008 Reserved
”””””””””””””””””” Exception vector table
Exception vector 3
H'0000000B
H'0000000C| ~~ Reserved
Exception vector 4
Hoooo0010|  Reserved |
Exception vector 5

O

Figure2.3 Exception Vector Table (Advanced Mode)

The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions
uses an 8-hit 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-hit longword operand,
providing a 32-bit branch address. The upper 8 bits of these 32 bitsis areserved areathat 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 rangeis also used for the exception vector table.
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Section 2 CPU

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 2.4. When
EXR is not pushed onto the stack in interrupt control mode O. For details, see section 4,
Exception Handling.

\/\\/\

SP — EXR*1
SP— Reserved Reserved 13
--------------------------- *2
(SP —) CCR
PC -

(24 bits) PC
(24 bits) -

(a) Subroutine Branch (b) Exception Handling

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.

Figure2.4 Stack Structurein Advanced Mode
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2.3 Address Space

Figure 2.5 shows a memory map for the H8S/2600 CPU. The H8S5/2600 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. The usable modes and address spaces
differ depending on the product. For details on each product, refer to section 3, MCU Operating

Modes.
H'0000 H'00000000
64 kbytes
H'FFFF 16 Mbytes
H'OOFFFFFF | __
Cannot be
used for
this LSI
H'FFFFFFFF
(a) Normal Mode* (b) Advanced Mode

Note: * Normal mode is not available in this LSI.

Program area

Data area

Figure2.5 Memory Map
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2.4 Registers

The H85/2600 CPU has the internal registers shown in figure 2.6. There are two types of registers;
general registers and control registers. The control registers are a 24-bit program counter (PC), an
8-bit extended control register (EXR), an 8-bit condition code register (CCR), and a 64-bit
multiply-accumulate register (MAC).

General Registers (Rn) and Extended Registers (En)

15 07 07 0
ERO EO ROH ROL
ER1 E1 R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L
Control Registers (CR)
23 0
I PC |
76543210
ExR |7[-]-]-]-[iefi]io
76543210
ccr [1 JulH]u]n[z]v]c]
63 41 32
(Sign extension) MACH
MAC
MACL
31 0
Legend:
SP: Stack pointer H: Half-carry flag
PC: Program counter U: User bit
EXR:  Extended control register N: Negative flag
T: Trace bit Z: Zero flag
12to 10: Interrupt mask bits V: Overflow flag
CCR:  Condition-code register C: Carry flag
I: Interrupt mask bit MAC: Multiply-accumulate register

Ul User bit or interrupt mask bit

Figure2.6 CPU Registers
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24.1 General Registers

The H85/2600 CPU has eight 32-bit general registers. These general registers are all functionally
identical and can be used as both address registers and data registers. When a general register is
used as adata register, it can be accessed as a 32-bit, 16-bit, or 8-bit register. Figure 2.7 illustrates
the usage of the general registers. When the general registers are used as 32-bit registers or address
registers, they are designated by the letters ER (ER7 to ERO).

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

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

The usage of each register can be selected independently.

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 2.8 shows the
stack.

* Address registers * 16-bit registers * 8-bit registers
* 32-bit registers

E registers (extended registers)
(E7 to EO)

ER registers RH registers
(ER7 to ERO) (R7H to ROH)
R registers
(R7 to RO)

RL registers
(R7L to ROL)

Figure2.7 Usageof General Registers
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Free area

SP (ER7) —»]

Stack area

/_\/

Figure2.8 Stack

24.2 Program Counter (PC)

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

2.4.3 Extended Control Register (EXR)

EXR isan 8-bit register that manipulates the LDC, STC, ANDC, ORC, and XORC instructions.
When these instructions, except for the STC instruction, are executed, all interrupts including NMI
will be masked for three states after execution is completed.

Bit Bit Name Initial Value  R/W Description
7 T 0 R/W Trace Bit

When this bit is set to 1, a trace exception is
generated each time an instruction is executed.
When this bit is cleared to 0, instructions are
executed in sequence.

6to3 — All1 — Reserved
These bits are always read as 1.

2 12 1 R/W These bits designate the interrupt mask level (7 to
1 11 1 R/W 0). For details, refer to section 5, Interrupt
0 10 1 R/W Controller.
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244 Condition-Code Register (CCR)

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

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) ingtructions.

Bit Bit Name Initial Value R/W Description
7 I 1 R/W Interrupt Mask Bit

Masks interrupts other than NMI when set to 1.
NMI is accepted regardless of the | bit setting.
The | bit is set to 1 at the start of an exception-
handling sequence. For details, refer to section 5,
Interrupt Controller.

6 ul undefined R/W User Bit or Interrupt Mask Bit

Can be read or written by software using the
LDC, STC, ANDC, ORC, and XORC instructions.
This bit cannot be used as an interrupt mask bit in
this LSI.

5 H undefined R/W Half-Carry Flag

When the ADD.B, ADDX.B, SUB.B, SUBX.B,
CMP.B, or NEG.B instruction is executed, this
flag is set to 1 if there is a carry or borrow at bit 3,
and cleared to 0 otherwise. When the ADD.W,
SUB.W, CMP.W, or NEG.W instruction is
executed, the H flag is set to 1 if there is a carry
or borrow at bit 11, and cleared to 0 otherwise.
When the ADD.L, SUB.L, CMP.L, or NEG.L
instruction is executed, the H flag is set to 1 if
there is a carry or borrow at bit 27, and cleared to
0 otherwise.

4 U undefined R/W User Bit

Can be read or written by software using the
LDC, STC, ANDC, ORC, and XORC instructions.

3 N undefined R/W Negative Flag

Stores the value of the most significant bit of data
as a sign bit.
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Bit Bit Name Initial Value R/W Description
2 Z undefined R/W Zero Flag

Set to 1 to indicate zero data, and cleared to O to
indicate non-zero data.

1 \% undefined R/W Overflow Flag

Set to 1 when an arithmetic overflow occurs, and
cleared to O at other times.

0 C undefined R/W Carry Flag

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

The carry flag is also used as a bit accumulator
by bit manipulation instructions.

245 Multiply-Accumulate Register (MAC)

This 64-bit register stores the results of multiply-and-accumulate operations. It consists of two 32-
bit registers denoted MACH and MACL. The lower 10 bits of MACH are valid; the upper bits are
asign extension.

2.4.6 Initial Values of CPU Registers

Reset exception handling loads the CPU’ s program counter (PC) from the vector table, clearsthe
trace bit in EXR to 0, and sets the interrupt mask bitsin 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 areset.
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2.5 Data Formats

The H85/2600 CPU can process 1-bit, 4-bit (BCD), 8-hit (byte), 16-bit (word), and 32-bit
(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bitn (n=0, 1, 2,
..., 1) of byte operand data. The DAA and DAS decimal-adjust instructions treat byte data as two
digits of 4-bit BCD data.

25.1 General Register Data For mats

Figure 2.9 shows the data formats in general registers.

Data Type Register Number Data Format
7 0
1-bit data A 716151418121 1§o| Don't care !
___________________ 7 0
1-bit data RnL 5 Don't care | 7161514132110
7 43 o .
4-bit BCD data RnH | Upper | Lower | Don't care 1
___________________ 7 4 3 0
4-bit BCD data RnL | Don't care | Upper | Lower |
7 0
Byte data RnH Pl | Donteare
MSB s T
___________________ 7 0
Byte data RnL H Don't care | i b i . i
"""""""""" MSB LSB

Figure2.9 General Register Data Formats (1)
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Data Type

Word data

Register Number

Rn

Data Format

Word data

Longword data

En

MSB

31

MSB

Legend:

ERn:
En:
Rn:
RnH:
RnL:
MSB:
LSB:

General register ER
General register E
General register R
General register RH
General register RL
Most significant bit
Least significant bit

En

Figure2.9 General Register Data Formats (2)

RENESAS
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252 Memory Data Formats

Figure 2.10 shows the data formats in memory. The H85/2600 CPU can access word data and
longword datain memory, however 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, an address error does not
occur, however the least significant bit of the addressis regarded as 0, so access begins the

preceding address. This also appliesto instruction fetches.

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

longword.

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]als]2]1]o0

MSB, : ! ! ! ! ISB

SBi L

iLSB

Figure2.10 Memory Data Formats
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2.6 | nstruction Set

The H85/2600 CPU has 69 instructions. The instructions are classified by function in table 2.1.

Table2.1 Instruction Classification

Function Instructions Size Types
Data transfer MOV B/WI/L 5
POP**, PUSH™* W/L
LDM, STM L
MOVFPE*®, MOVTPE™® B
Arithmetic ADD, SUB, CMP, NEG B/W/L 23
operations ADDX, SUBX, DAA, DAS B
INC, DEC B/WI/L
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS B/W
EXTU, EXTS WIL
TAS™ B
MAC, LDMAC, STMAC, CLRMAC —
Logic operations AND, OR, XOR, NOT B/WI/L
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, B/WI/L
ROTXR
Bit manipulation BSET, BCLR, BNOT, BTST, BLD, BILD, BST, BIST, B 14

BAND, 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 EEPMOV — 1

Notes: B: Byte
W: Word

L: Longword

Total: 69

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.

2. Bcc is the general name for conditional branch instructions.

w

Cannot be used in this LSI.

4. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
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26.1 Table of Instructions Classified by Function

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

Table2.2 Operation Notation

Symbol Description

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

RN General register”

ERn General register (32-bit register)
MAC Multiply-accumulate register (32-bit register)
(EAd) Destination operand

(EAS) Source operand

EXR Extended control register
CCR Condition-code register

N N (negative) flag in CCR

Z 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

S Logical XOR

- Move

~ NOT (logical complement)
:8/:16/:24/:32 8-, 16-, 24-, or 32-bit length

Note: * General registers include 8-bit registers (R7H to ROH, R7L to ROL), 16-bit registers (R7
to RO, E7 to EQ), and 32-bit registers (ER7 to ERO).
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Table2.3 DataTransfer Instructions

Instruction  Size*  Function

MOV B/W/L  (EAs) —» Rd, Rs — (EAd)
Moves data between two general registers or between a general register
and memory, or moves immediate data to a general register.

MOVFPE B Cannot be used in this LSI.

MOVTPE B Cannot be used in this LSI.

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

PUSH W/L Rn -» @-SP
Pushes a general 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 L @SP+ — Rn (register list)
Pops two or more general registers from the stack.

ST™M L Rn (register list) > @-SP
Pushes two or more general registers onto the stack.

Note: * Refers to the operand size.

B: Byte
W: Word

Longword
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Table2.4 Arithmetic Operations|Instructions (1)

Instruction  Size*  Function

ADD B/W/L Rdz*Rs— Rd, Rdz#MM— Rd

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, Rdz#MMz+C — Rd

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

INC BW/L Rd*1-—>Rd, Rd+2—Rd

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

ADDS L Rd+1—>Rd, Rd+2—>Rd, Rd+4 - Rd

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

DAA B Rd decimal adjust - Rd

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

Note: * Refers to the operand size.

B: Byte

W: Word

Longword
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Table2.4 Arithmetic Operations|Instructions(2)

Instruction

Size™*

Function

DIVXS

B/W

Rd + Rs - Rd

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

CMP

B/WI/L

Rd — Rs, Rd-#IMM
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/WI/L

0-Rd > Rd
Takes the two’s complement (arithmetic complement) of data in a general
register.

EXTU

WiL

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

WiL

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*?

@ERd -0, 1 — (<bit 7> of @ERd)
Tests memory contents, and sets the most significant bit (bit 7) to 1.

MAC

(EAs) x (EAd) + MAC —» MAC

Performs signed multiplication on memory contents and adds the result
to the multiply-accumulate register. The following operations can be
performed:

16 bits x 16 bits + 32 bits — 32 bits, saturating

16 bits x 16 bits + 42 bits — 42 bits, non-saturating

CLRMAC

0> MAC
Clears the multiply-accumulate register to zero.

LDMAC
STMAC

Rs - MAC, MAC — Rd
Transfers data between a general register and a multiply-accumulate
register.

Notes: 1. Refers to the operand size.

B: Byte

W: Word

Longword

2. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
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Table25 Logic Operations|nstructions

Instruction ~ Size*  Function

AND B/W/L RdARs—Rd, RdAa#MM— Rd
Performs a logical AND operation on a general register and another
general register or immediate data.

OR B/W/L RdvRs—Rd, Rdv#MM— Rd
Performs a logical OR operation on a general register and another
general register or immediate data.

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

NOT B/W/L  ~(Rd) — (Rd)
Takes the one’s complement (logical complement) of general register
contents.

Note: * Refers to the operand size.

B: Byte
W: Word
L: Longword
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Table2.6  Shift Instructions

Instruction  Size* Function

SHAL B/W/L  Rd (shift) > Rd

SHAR Performs an arithmetic shift on general register contents.
1-bit or 2-bit shifts are possible.

SHLL B/W/L  Rd (shift) > Rd

SHLR Performs a logical shift on general register contents.
1-bit or 2-bit shifts are possible.

ROTL B/W/L  Rd (rotate) » Rd

ROTR Rotates general register contents.
1-bit or 2-bit rotations are possible.

ROTXL B/W/L  Rd (rotate) » Rd

ROTXR Rotates general register contents through the carry flag.

1-bit or 2-bit rotations are possible.

Note: * Refers to the operand size.

B: Byte
W: Word
L: Longword

Rev. 4.00 Mar. 16, 2010 Page 33 of 606
REJ09B0155-0400
RENESAS



Section 2 CPU

Table2.7 Bit Manipulation Instructions (1)

Instruction  Size* Function

BSET B 1 — (<bit-No.> of <EAd>)
Sets a specified bit in a general register or memory operand to 1. The bit
number is specified by 3-bit immediate data or the lower three bits of a
general register.

BCLR B 0 — (<bit-No.> of <EAd>)
Clears a specified bit in a general register or memory operand to 0. The
bit number is specified by 3-bit immediate data or the lower three bits of a
general register.

BNOT B ~(<bit-No.> of <EAd>) — (<bit-No.> of <EAd>)
Inverts a specified bit in a general register or memory operand. The bit
number is specified by 3-bit immediate data or the lower three bits of a
general register.

BTST B ~(<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 B 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.

BIAND B C A [~(<hit-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 B 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.

BIOR B 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.

Note: * Refers to the operand size.
B: Byte
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Table2.7 Bit Manipulation Instructions (2)

Instruction  Size*  Function

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

BIXOR B C @ [~(<bit-No.> of <EAd>)] - C
XORs the carry flag with the inverse of a specified bit in a general
register or memory operand and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.

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

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

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

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

Note: * Refers to the operand size.

B: Byte

Rev. 4.00 Mar. 16, 2010 Page 35 of 606
REJ09B0155-0400
RENESAS



Section 2 CPU

Table2.8 Branch Instructions

Instruction Size Function
Bcc — Branches to a specified address if a specified condition is true. The
branching conditions are listed below.
Mnemonic Description Condition
BRA (BT) Always (true) Always
BRN (BF) Never (false) Never
BHI High CvZ=0
BLS Low or same Cvz=1
BCC (BHS) Carry clear Cc=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 N®eV=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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Table2.9

Instruction  Size*

System Control Instructions

Function

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 general register or memory 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 B CCR A #IMM — CCR, EXR A #IMM — EXR
Logically ANDs the CCR or EXR contents with immediate data.
ORC B CCR v #IMM — CCR, EXR v #IMM — EXR
Logically ORs the CCR or EXR contents with immediate data.
XORC B CCR @ #IMM — CCR, EXR & #IMM — EXR
Logically XORs the CCR or EXR contents with immediate data.
NOP — PC+2—>PC
Only increments the program counter.
Note: * Refers to the operand size.

B: Byte
W: Word
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Table2.10 Block Data Transfer Instructions

Instruction Size Function

EEPMOV.B — if RAL # 0 then

Repeat @ER5+ — @QER6+
R4L-1 — R4L
Until R4L = 0
else next;

EEPMOV.W — if R4 # 0 then

Repeat @ER5+ — @QER6+
R4-1 — R4
Until R4 = O
else next;

Transfers a data block. Starting from the address set in ER5, transfers

data for the number of bytes set in R4L or R4 to the address location set
in ER6.

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

2.6.2 Basic Instruction Formats

The H85/2600 CPU instructions consist of 2-byte (1-word) units. An instruction consists of an
operation field (op field), aregister field (r field), an effective address extension (EA field), and a
condition field (cc).

Figure 2.11 shows examples of instruction formats.

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.

Register Field

Specifies agenera register. Address registers are specified by 3 bits, and data registers by 3
bits or 4 bits. Some instructions have two register fields. Some have no register field.
Effective Address Extension

8, 16, or 32 hits specifying immediate data, an absolute address, or a displacement.
Condition Field

Specifies the branching condition of Bcc instructions.
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(1) Operation field only

op

NOP, RTS, etc.

(2) Operation field and register fields

op

rn

ADD.B Rn, Rm, etc.

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

op

rn

rm

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

EA(disp)

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

d

op

cc

EA(disp)

BRA d:16, etc.

Figure2.11 Instruction Formats (Examples)

2.7 Addressing Modes and Effective Address Calculation

The H8S/2600 CPU supports the eight addressing modes listed in table 2.11. Each instruction uses
asubset 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 the 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.

RENESAS
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Table2.11 Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERN
3 Register indirect with displacement @(d:16,ERn)/@(d:32,ERnN)
4 Register indirect with post-increment @ERN+
Register indirect with pre-decrement @-ERnN
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

271 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 EQ to E7
can be specified as 16-bit registers. ERO to ER7 can be specified as 32-bit registers.

2.7.2 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 addressis a program instruction address, the lower 24
bits are valid and the upper 8 bits are al assumed to be 0 (H'00).

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

A 16-hit 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.
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274 Register Indirect with Post-lncrement or Pre-Decrement—@ERN+ or @-ERnN

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 isaccessed, 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 the word or longword transfer instructions, the register value
should be even.

Register indirect with pre-decrement—@-ERn: The value 1, 2, or 4 is subtracted from an
address register (ERn) specified by the register field in the instruction code, and the result is the
address of amemory 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 the word or longword transfer instructions, the register value should be even.

275 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 bitslong (@aa:8), 16 bitslong (@aa:16), 24 bitslong (@aa:24), or 32 bitslong
(@aa:32). Table 2.12 indicates the accessible absol ute address ranges.

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

Table2.12 Absolute Address Access Ranges

Absolute Address Normal Mode*® Advanced Mode
Data address 8 bits (@aa:8) H'FF0O0 to H'FFFF H'FFFFOO0 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: Normal mode is not available in this LSI.
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2.7.6 Immediate—#xx: 8, #xx:16, or #xx:32

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

The ADDS, SUBS, INC, and DEC instructions contain immediate dataimplicitly. Some bit

mani pulation instructions contain 3-bit immediate data in the instruction code, specifying a bit
number. The TRAPA instruction contains 2-bit immediate datain its instruction code, specifying a
vector address.

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

Thismode is used in the Bcc and BSR instructions. An 8-bit or 16-bit displacement 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.

2.7.8 Memory Indirect—@@aa: 8

This mode can be used by the IMP 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'00FF in normal mode, H'000000 to H'0000FF in advanced mode). In normal mode,
the memory operand is aword operand and the branch address is 16 bits long. In advanced mode,
the memory operand is alongword operand, the first byte of which is assumed to be 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.

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).

Note: Normal modeis not availablein thisLSI.
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\/\\/\

Specified — Specified - Reserved .
by @aa:8 [~ Branch address - - - by @aa:8

Branch address

\/\

(a) Normal Mode* (a) Advanced Mode

Note: * Normal mode is not available in this LSI.

Figure2.12 Branch Address Specification in Memory Indirect Mode

2.7.9 Effective Address Calculation

Table 2.13 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.

Note: Normal modeis not availablein thisLSI.
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Table2.13 Effective Address Calculation (1)

No Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)
1 Register direct(Rn)
Operand is general register contents.
[ o [m]m] e
2 Register indirect(@ERnN) 31 0 31 2423
I General register contents |——’|D(JnIt Carel
Lo [r] ]
3 | Register indirect with displacement
@(d:16,ERn) or @(d:32,ERN) 31 0
[ I General register contents l—
o r dis, 31 2423
| P | | | P | IDon‘t care|
31 0
| Sign extension | disp |—
4 Register indirect with post-increment or
pre-decrement 31
*Register indirect with post-increment @ ERn+ [
[
*Register indirect with pre-decrement @-ERn 31
|
|
Lo [r] ]
Operand Size Offset
Byte 1
Word 2
Longword 4
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Table2.13 Effective Address Calculation (2)

No Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)
5 Absolute address
@aa8 31 2423 87 0
|Don't carel H'FFFF | |
@aa:16 31 2423 16 15 0
| op | abs | |Don't carel Sign exiensionl |
@aa:24 31 2423 0
| op | abs | |Don't carel |
@aa:32
op 31 2423 0
abs |Don't carel
6 | Immediate
H#XB/HXX:16/#xx:32 Operand is immediate data.
op IMM
7 Program-counter relative 23
@(d:8,PC)/@(d:16,PC) | PC contents }—*
op disp ¥
31 2423 0
|Don‘t carel
8 Memory indirect @ @aa:8
* Normal mode*
‘ B i
[ [ =] oo ] |
15 0 31 2423 16 15 0
Memory contents | |Don‘t carel H'00 | |
* Advanced mode
- i
H000000 [ abs | 31 2423 0
31 0 |Don‘t carel
Memory contents | 1
!
Note: * Normal mode is not available in this LSI.
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2.8 Processing States

The H85/2600 CPU has five main processing states. the reset state, exception handling state,
program execution state, bus-released state, and power-down state. Figure 2.13 indicates the state
transitions.

e Reset State

In this state, the CPU and all on-chip peripheral modules areinitialized and not operating.
When the RES input goes low, all current processing stops and the CPU enters the reset state.
All interrupts are masked in the reset state. Reset exception handling starts when the RES
signal changes from low to high. For details, refer to section 4, Exception Handling.
The reset state can also be entered by awatchdog timer overflow.

e Exception-Handling State
The exception-handling state is a transient state that occurs when the CPU alters the normal
processing flow due to an exception source, such as a reset, trace, interrupt, or trap instruction.
The CPU fetches a start address (vector) from the exception vector table and branches to that
address. For further details, refer to section 4, Exception Handling.

e Program Execution State
In this state, the CPU executes program instructions in sequence.

e Bus-Released State
The bus has been released in response to a bus request from a bus master other than the CPU.
While the busis released, the CPU halts operations.

e Program stop state

Thisis apower-down state in which the CPU stops operating. The program stop state occurs
when a SLEEP instruction is executed or the CPU enters hardware standby mode. For further
details, refer to section 22, Power-Down Modes.
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Reset state*

Bus-released state

Request for End of Bus End of
exception exception request bus request
handling handling

Program execution state SLEEP instruction Program halt state

Notes: From any state, a transition to hardware standby mode occurs when STBY goes low.
* From any state except hardware standby mode, a transition to the reset state
occurs whenever RES goes low. A transition can also be made to the reset state
when the watchdog timer overflows.

Figure2.13 State Transitions
2.9 Usage Note

29.1 Notes on Using the Bit Operation Instruction

Instructions BSET, BCLR, BNOT, BST, and BIST read data in byte units, and write datain byte
units after bit operation. Therefore, attention must be paid when these instructions are used for
ports or registers including write-only bits.

Instruction BCLR can be used to clear the flag in the internal 1/O register to O. If it is obvious that
the flag has been set to 1 by the interrupt processing routine, it is unnecessary to read the flag
beforehand.
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Section 3 MCU Operating Modes

31 Operating Mode Selection

This LS| supports only operating mode 7, that is, the advanced single-chip mode. The operating
mode is determined by the setting of the mode pins (MD2 to MDO). Only mode 7 can be used in
thisLSI. Therefore, all mode pins must be fixed high, as shown in table 3.1. Do not change the
mode pin settings during operation.

Table3.1 MCU Operating Mode Selection

External Data Bus

MCU CPU

Operating Operating On-Chip Initial Max.

Mode MD2 MD1 MDO Mode Description ROM Width Width

7 1 1 1 Advanced Single-chip mode Enabled — —
mode

3.2 Register Descriptions

The following registers are related to the operating mode. For the addresses of these registers and
information on the register statesin different operating modes, see section 23, List of Registers.

e Mode control register (MDCR)
e System control register (SY SCR)
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321 Mode Control Register (MDCR)

Bit Bit Name Initial Value R/W

Descriptions

7 — 1 R/W Reserved
Only 1 should be written to this bit.

6to — AllO — Reserved

3 These bits are always read as 0 and cannot be
modified.

2 MDS2 — R Mode select 2to 0

1 MDS1 T R These bits indicate the input levels at pins MD2 to MDO

0 MDS0 — R

(the current operating mode). Bits MDS2 to MDS0
correspond to MD2 to MDO. MDS2 to MDSO are read-
only bits and they cannot be written to. The mode pin
(MD2 to MDO) input levels are latched into these bits
when MDCR is read. These latches are canceled by a
reset.
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3.2.2

System Control Register (SYSCR)

SY SCR is an 8-hit readable/writable register that selects saturating or non-saturating calculation
for the MAC instruction, selects the interrupt control mode and the detected edge for NMI, and

enables or disables on-chip RAM.

Bit Bit Name Initial Value R/W Descriptions
7 MACS 0 R/W MAC Saturation
Selects either saturating or non-saturating calculation
for the MAC instruction.
0: Non-saturating calculation for the MAC instruction
1: Saturating calculation for the MAC instruction
6 — 0 — Reserved
This bit is always read as 0 and cannot be modified.
5 INTM1 0 R/W These bits select the control mode of the interrupt
4 INTMO 0 R/W controller. For details of the interrupt control modes,
see section 5.6, Interrupt Control Modes and Interrupt
Operation.
00: Interrupt control mode 0
01: Setting prohibited
10: Interrupt control mode 2
11: Setting prohibited
3 NMIEG 0 R/W NMI Edge Select
Selects the valid edge of the NMI interrupt input.
0: An interrupt is requested at the falling edge of NMI
input
1: An interrupt is requested at the rising edge of NMI
input
2,1 — AllO — Reserved
These bits are always read as 0 and cannot be
modified.
0 RAME 1 R/W RAM Enable

Enables or disables on-chip RAM. The RAME bit is
initialized when the reset status is released.

0: On-chip RAM is disabled

1: On-chip RAM is enabled
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3.3 Pin Functionsin Each Operating Mode

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled,
however external addresses cannot be accessed.

All 1/O ports are available for use as input-output ports.
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34 AddressMap

Figure 3.1 shows the address map in each operating mode.

H8S/2628 H8S/2627
ROM: 128 kbytes, RAM: 8 kbytes ROM: 128 kbytes, RAM: 6 kbytes
Mode 7 Mode 7
Advanced single-chip mode Advanced single-chip mode
H'000000 H'000000
On-chip ROM On-chip ROM
(F-ZTAT/masked ROM) (Masked ROM)
H'01FFFF H'01FFFF
H'FFDO00 : :
on-chin RAM H'FFD800
n-chi
P On-chip RAM
H'FFEFBF H'FFEFBF
H'FFF800 H'FFF800
Internal 1/O registers Internal 1/O registers
H'FFFF3F H'FFFF3F
H'FFFF60 H'FFFF60
Internal 1/O registers Internal 1/O registers
H'FFFFBF H'FFFFBF
H'FFFFCO H'FFFFCO
On-chip RAM On-chip RAM
H'FFFFFF H'FFFFFF

Figure3.1 AddressMap
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Section 4 Exception Handling

4.1 Exception Handling Typesand Priority

Asshown in table 4.1, exception handling may be caused by areset, trace, interrupt, or trap
instruction. Exception handling is prioritized as shown in table 4.1. If two or more exceptions
occur simultaneously, they are accepted and processed in order of priority. Exception sources, the
stack structure, and operation of the CPU vary depending on the interrupt control mode. For
details on the interrupt control mode, refer to section 5, Interrupt Controller.

Table4.1 Exception Typesand Priority

Priority  Exception Type Start of Exception Handling

High Reset Starts immediately after a low-to-high transition at the RES
4 pin, or when the watchdog timer overflows. The CPU enters
the reset state when the RES pin is low.

Trace™* Starts when execution of the current instruction or exception
handling ends, if the trace (T) bit in EXR is set to 1.

Direct transition Starts when a direction transition occurs as the result of
SLEEP instruction execution.

Interrupt Starts when execution of the current instruction or exception
handling ends, if an interrupt request has been issued.**

Low Trap instruction ** 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.

4.2 Exception Sour ces and Exception Vector Table

Different vector addresses are assigned to different exception sources. Table 4.2 lists the exception
sources and their vector addresses. Since the usable modes differ depending on the product, for
details on each product, refer to section 3, MCU Operating Modes.
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Table4.2 Exception Handling Vector Table

Exception Source

Vector Number

Vector Address™*

Normal Mode

Advanced Mode

Power-on reset 0 H'0000 to H'0001 H'0000 to H'0003
Manual reset ** 1 H'0002 to H'0003 H'0004 to H'0007
Reserved for system use 2 H'0004 to H'0005 H'0008 to H'000B
3 H'0006 to H'0007 H'000C to H'000F

4 H'0008 to H'0019 H'0010 to H'0013

Trace 5 H'000A to H'000B H'0014 to H'0017
Interrupt (direct transitions)** 6 H'000C to H'000D H'0018 to H'001B
Interrupt (NMI) 7 H'000E to H'000F H'001C to H'001F
Trap instruction (#0) 8 H'0010 to H'0011 H'0020 to H'0023
(#1) 9 H'0012 to H'0013 H'0024 to H'0027

(#2) 10 H'0014 to H'0015 H'0028 to H'002B

(#3) 11 H'0016 to H'0017 H'002C to H'002F

Reserved for system use 12 H'0018 to H'0019 H"0030 to H'0033
13 H'001A to H'001B H'0034 to H'0037

14 H'001C to H'001D H'0038 to H'003B

15 H'001E to H'001F H'003C to H'003F

External interrupt IRQO 16 H'0020 to H'0021 H'0040 to H'0043
IRQ1 17 H'0022 to H'0023 H'0044 to H'0047

IRQ2 18 H'0024 to H'0025 H'0048 to H'004B

IRQ3 19 H'0026 to H'0027 H'004C to H'004F

IRQ4 20 H'0028 to H'0029 H'0050 to H'0053

IRQ5 21 H'002A to H'002B H'0054 to H'0057

Reserved for system use 22 H'002C to H'002D H'0058 to H'005B
23 H'002E to H'002F H'005C to H'005F

Internal interrupt™® 2|4 H'0030 tc|) H'0031 H'0060 tc|) H'0063
127 H'OOFE to H'O0FF H'01FC to H'O1FF

Notes: 1. Lower 16 bits of the address.
2. Not available in this LSI.

3. For details of internal interrupt vectors, see section 5.5, Interrupt Exception Handling
Vector Table.
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4.3 Reseat
A reset has the highest exception priority.

When the RES pin goes low, al processing halts and this LS| enters the reset state. To ensure that
this LSl isreset, hold the RES pin low for at least 20 ms at power-up. To reset the chip during
operation, hold the RES pin low for at least 20 states. A reset initializes the internal state of the
CPU and the registers of on-chip peripheral modules.

The chip can also be reset by overflow of the watchdog timer. For details, see section 13,
Watchdog Timer.

The interrupt control mode is 0 immediately after reset.

431 Reset Exception Handling

When the RES pin goes high after being held low for the necessary period, this LS| starts reset
exception handling as follows:

1. Theinterna state of the CPU and the registers of the on-chip peripheral modules are
initialized, the T bit in EXR iscleared to 0, and the | bit in EXR and CCR is set to 1.

2. Thereset exception handling vector addressis read and transferred to the PC, and program
execution starts from the address indicated by the PC.

Figures 4.1 and 4.2 show examples of the reset sequence.
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Internal Fetch of first
Vector fetch processing program instruction
:

i

<=

RES /

Internal
address bus

(©) 5)

Internal read
signal

Internal write
signal

@ X

Internal data
bus

{ @) @2

ON

(1)(3) Reset exception handling vector address (when reset, (1)=H'000000, (3)=H'000002)
(2)(4) Start address (contents of reset exception handling vector address)

(5) Start address ((5)=(2)(4))

(6) First program instruction

Figure4.1 Reset Sequence
(Advanced Mode with On-Chip ROM Enabled)
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Internal Fetch of first
Vector fetch processing program instruction
B — S e e e B ]
! T T 1

.

ns]
m
(]

Address bus ' (1)

@ X ©

I
=
5
i
o

High

X
| _
D15 to DO \ﬂ/ @ @_

(1)(3) Reset exception handling vector address (when reset, (1)=H'000000, (3)=H'000002)
(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.

Figure4.2 Reset Sequence
(Advanced Mode with On-chip ROM Disabled: Not Availablein thisLSl)

432 Interrupts after Reset

If an interrupt is accepted immediately after areset and before the stack pointer (SP) isinitialized,
the PC and CCR will not be saved correctly, leading to a program crash. To prevent this, al
interrupt requests, including NMI, are disabled immediately after areset exception handling is
executed. Since thefirst instruction of a program is always executed immediately after the reset,
make sure that thisinstruction initializes the stack pointer (example: MOV.L #xx: 32, SP).
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4.3.3 State of On-Chip Peripheral Modules after Reset Release

After reset release, MSTPCRA to MSTPCRC areinitialized to H'3F, H'FF, and H'FF, respectively,
and all modules except the DTC enter module stop mode. Consequently, on-chip peripheral
module registers cannot be read or written to. Register reading and writing is enabled when the
module stop mode is cancelled.

4.4 Traces

Traces are enabled in interrupt control mode 2. Trace mode is not activated in interrupt control
mode O, 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 isset to 1, trace modeis activated. In trace mode, a trace exception occurs on
completion of each instruction. Trace mode is not affected by interrupt mask bit in CCR. Table 4.3
shows the states of CCR and EXR after execution of trace exception handling. Trace modeis
cancelled by clearing the T bit in EXR to 0 with the trace exception handling. The T bit saved on
the stack retainsits 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.

Interrupts are accepted even within the trace exception handling routine.

Table4.3 Statusesof CCR and EXR after Trace Exception Handling

CCR EXR
Interrupt Control Mode
| | ul 2t010 | T
Trace exception handling cannot be used.
1 | — — | 0
Legend:
1. Settol

0: Clearedto 0
—: Retains value prior to execution
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4.5 Interrupts

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 levelsto enable
multiplexed interrupt control. The source to start interrupt exception handling and the vector
address differ depending on the product. For details, refer to section 5, Interrupt Controller.

Interrupt exception handling is conducted as follows:

1. Thevauesin the program counter (PC), condition code register (CCR), and extended control
register (EXR) are saved to the stack.

2. Theinterrupt mask bit is updated and the T bit is cleared to 0.

3. A vector address corresponding to the interrupt source is generated, the start address is loaded
from the vector table to the PC, and program execution begins from that address.
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4.6 Trap Instruction

Trap instruction exception handling starts when a TRAPA instruction is executed. Trap instruction
exception handling can be executed at all timesin the program execution state.

Trap instruction exception handling is conducted as follows:

1. Thevauesin the program counter (PC), condition code register (CCR), and extended control

register (EXR) are saved to the stack.

2. Theinterrupt mask bit is updated and the T bit is cleared to 0.
3. A vector address corresponding to the interrupt source is generated, the start address is loaded

from the vector table to the PC, and program execution starts from that address.

The TRAPA instruction fetches a start address from a vector table entry corresponding to a vector

number from 0 to 3, as specified in the instruction code.

Table 4.4 shows the statuses of CCR and EXR after execution of trap instruction exception

handling.

Table4.4 Statusesof CCR and EXR after Trap Instruction Exception Handling

CCR

EXR

Interrupt Control Mode

ul

12 to 10

Legend:

1: Settol

0: Clearedto 0

—: Retains value prior to execution
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4.7 Stack Statusafter Exception Handling

Figures 4.3 shows the stack after completion of trap instruction exception handling and interrupt
exception handling.

(a) Normal Modes*?

SP—~ EXR
Reserved”!
SP— CCR CCR
CCR™ CCR™
PC (16 bits) PC (16 bits)
Interrupt control mode 0 Interrupt control mode 2
(b) Advanced Modes
SP— EXR
Reserved”!
SP—~ CCR CCR
PC (24 bits) PC (24 bits)
Interrupt control mode 0 Interrupt control mode 2

Notes: 1. Ignored on return.
2. Normal modes are not available in this LSI.

Figure4.3 Stack Status after Exception Handling
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4.8 Usage Note

When accessing word data or longword data, this LS| 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 4.4 shows an example of what
happens when the SP value is odd.

Address

CCR SP— RIL H'FFFEFA
SP—~ HFFFEFB
PC PC HFFFEFC
~ |wrrrerD
______________________________________________________ HFFFEFE
SP—~ HFFFEFF

SP set to H'FFFEFF TRAPA instruction executed MOV.B R1L, @-ER7 instruction executed

—_ —_

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 0, in advanced mode.

Figure4.4 Operation when SP Value Is Odd
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Section 5 Interrupt Controller

51 Features

Two interrupt control modes

— Any of two interrupt control modes can be set by means of the INTM1 and INTMO bitsin
the system control register (SY SCR).

Priorities settable with IPR

— Aninterrupt priority register (IPR) is provided for setting interrupt priorities. Eight priority
levels can be set for each module for al 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.

Seven external interrupts

— NMI isthe 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 IRQ5 to IRQO.

DTC control

— The DTC can be activated by an interrupt request.
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A block diagram of the interrupt controller is shown in figure 5.1.

| INTM1, INTMO

|SYSCR|
NMIEG ‘ L
NMI input NMI input unit
. ——L | IRQinputunit }——
IR t
Q inpu _ ISR |

ISCR IER Priority

determination

Internal interrupt request
SWDTEND to SSERT_il

Interrupt
request

Vector number

CPU

12t0 10

|CCR|

Interrupt controller

Legend:

ISCR:  IRQ sense control register
IER: IRQ enable register

ISR: IRQ status register

IPR: Interrupt priority register

SYSCR: System control register

|EXR|

Figure5.1 Block Diagram of Interrupt Controller
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52 I nput/Output Pins

Table 5.1 summarizes the pins of the interrupt controller.

Table5.1 Pin Configuration

Name I/0 Function
NMI Input Nonmaskable external interrupt
Rising or falling edge can be selected.
IRQ5 Input Maskable external interrupts
IRQ4 Input Rising, falling, or both edges, or level sensing, can be selected.
IRQS Input
IRQ2 Input
IRQ1 Input
IRQO Input

53 Register Descriptions

The interrupt controller has the following registers. For the addresses of these registers and
information on the register statesin different operating modes, see section 23, List of Registers.
For the system control register (SY SCR), refer to section 3.2.2, System Control Register
(SYSCR).

System control register (SY SCR)

IRQ sense control register H (ISCRH)
IRQ sense control register L (ISCRL)

IRQ enable register (IER)

IRQ status register (ISR)

Interrupt priority register A (IPRA)
Interrupt priority register B (IPRB)
Interrupt priority register C (IPRC)
Interrupt priority register D (IPRD)
Interrupt priority register E (IPRE)
Interrupt priority register F (IPRF)
Interrupt priority register G (IPRG)
Interrupt priority register H (IPRH)
Interrupt priority register | (IPRI)
Interrupt priority register J (IPRJ)
Interrupt priority register K (IPRK)

RENESAS
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e Interrupt priority register L (IPRL)
e Interrupt priority register M (IPRM)
531 Interrupt Priority RegistersA toM (IPRA to IPRM)

The IPR registers are thirteen 8-bit readable/writable registers that set priorities (levels 7 to 0) for
interrupts other than NMI.

The correspondence between interrupt sources and I PR settings is shown in table 5.2. Setting a
value in the range from H'7 to H'0 in the 3-bit groups of bits 2 to 0 and 6 to 4 setsthe priority of
the corresponding interrupt.

Bit Bit Name Initial Value R/W Description

7 — 0 — Reserved
This bit is always read as 0.

6 IPR6 1 R/W Sets the priority of the corresponding interrupt
5 IPR5 1 R/W source.
4 IPR4 1 RIW 000: Priority level 0 (Lowest)

001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (Highest)

3 — 0 — Reserved
This bit is always read as 0.

2 IPR2 1 R/W Sets the priority of the corresponding interrupt
1 IPR1 1 R/W source.
0 IPRO 1 RIW 000: Priority level O (Lowest)

001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (Highest)
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53.2  IRQ Enable Register (IER)

IER is an 8-hit readable/writable register that controls the enabling and disabling of interrupt
requests IRQ5 to IRQO.

Bit Bit Name

Initial Value

R/W

Description

7,6 —

AllO

R/W

Reserved
Only 0 should be written to these bits.

5 IRQ5E

R/W

IRQ5 Enable

The IRQ5 interrupt request is enabled when this
bit is 1.

4 IRQ4E

R/W

IRQ4 Enable

The IRQ4 interrupt request is enabled when this
bit is 1.

3 IRQ3E

R/W

IRQ3 Enable

The IRQ3 interrupt request is enabled when this
bit is 1.

2 IRQ2E

R/W

IRQ2 Enable

The IRQ2 interrupt request is enabled when this
bit is 1.

1 IRQ1E

R/W

IRQ1 Enable

The IRQL1 interrupt request is enabled when this
bit is 1.

0 IRQOE

R/W

IRQO Enable

The IRQO interrupt request is enabled when this
bit is 1.
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533 IRQ Sense Control RegistersH and L (ISCRH, ISCRL)

The ISCR registers are 16-bit readable/writable registers that select the source that generates an
interrupt request at pins IRQ5 to IRQO.

e ISCRH

Bit Bit Name Initial Value R/W Description

15t0 — All O R/W Reserved
12

Only 0 should be written to these bits.

11 IRQ5SCB 0 R/W IRQ5 Sense Control B
10 IRQ5SCA 0 R/W IRQ5 Sense Control A

00: Interrupt request generated at IRQ5 input
level low

01: Interrupt request generated at falling edge
of IRQ5 input

10: Interrupt request generated at rising edge of
IRQ5 input

11: Interrupt request generated at both falling
and rising edges of IRQ5 input

9 IRQ4SCB 0 R/W IRQ4 Sense Control B
8 IRQ4SCA 0 R/W IRQ4 Sense Control A

00: Interrupt request generated at IRQ4 input
level low

01: Interrupt request generated at falling edge
of IRQ4 input

10: Interrupt request generated at rising edge of
IRQ4 input

11: Interrupt request generated at both falling
and rising edges of IRQ4 input
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e |SCRL

Bit Bit Name

Initial Value

R/W

Description

7 IRQ3SCB
6 IRQ3SCA

R/W
R/W

IRQ3 Sense Control B
IRQ3 Sense Control A

00: Interrupt request generated at IRQ3 input
level low

01: Interrupt request generated at falling edge
of IRQS input

10: Interrupt request generated at rising edge of
IRQS input

11: Interrupt request generated at both falling
and rising edges of IRQ3 input

5 IRQ2SCB
4 IRQ2SCA

R/W
R/W

IRQ2 Sense Control B
IRQ2 Sense Control A

00: Interrupt request generated at IRQ2 input
level low

01: Interrupt request generated at falling edge
of IRQ2 input

10: Interrupt request generated at rising edge of
IRQ2 input

11: Interrupt request generated at both falling
and rising edges of IRQ2 input

3 IRQ1SCB
2 IRQ1SCA

R/W
R/W

IRQ1 Sense Control B
IRQ1 Sense Control A

00: Interrupt request generated at IRQ1 input
level low

01: Interrupt request generated at falling edge
of IRQ1 input

10: Interrupt request generated at rising edge of
IRQ1 input

11: Interrupt request generated at both falling
and rising edges of IRQ1 input
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Bit Bit Name Initial Value R/W Description
1 IRQOSCB 0 R/W IRQO Sense Control B
0 IRQOSCA 0 R/W IRQO Sense Control A

00: Interrupt request generated at IRQO input
level low

01: Interrupt request generated at falling edge
of IRQO input

10: Interrupt request generated at rising edge of
IRQO input

11: Interrupt request generated at both falling
and rising edges of IRQO input

534 IRQ Status Register (ISR)

ISR is an 8-bit readable/writable register that indicates the status of IRQ5 to IRQO interrupt

reguests.
Bit Bit Name Initial Value R/W Description
7,6 — All O R/W Reserved
Only 0 should be written to these bits.
5 IRQ5F 0 R/W [Setting condition]
g :28::2 8 E;w e When thg interrupt source selected by the
2 IRQ2F 0 RIW ISCR registers occurs
1 IRQ1F 0 R/W [Clearing conditions]
0 IRQOF 0 R/W

e Cleared by reading IRQnF flag when IRQnF
=1, then writing 0 to IRQNF flag

e When interrupt exception handling is
executed when low-level detection is set
and IRQn input is high

e When IRQn interrupt exception handling is
executed when falling, rising, or both-edge
detection is set

e When the DTC is activated by an IRQn
interrupt, and the DISEL bit in MRB of the
DTC is clearedto O
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54 Interrupt Sour ces

541 External Interrupts

There are seven external interrupts: NMI and IRQ5 to IRQO. These interrupts can be used to
restore this LSl from software standby mode.

NMI Interrupt: NMI isthe 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 SY SCR can be used to select whether an interrupt is requested at arising edge or afaling
edge on the NMI pin.

IRQ5 to IRQO Interrupts: Interrupts IRQ5 to IRQO are requested by an input signal at pins IRQ5
to IRQO. Interrupts IRQ5 to IRQO have the following features:

e Using ISCR, it is possible to select whether an interrupt is generated by alow level, falling
edge, rising edge, or both edges, at pinsIRQS5 to IRQO.

e Enabling or disabling of interrupt requests IRQ5 to IRQO can be selected with |ER.

e Theinterrupt priority level can be set with IPR.

e The status of interrupt requests IRQ5 to IRQO isindicated in ISR. ISR flags can be cleared to 0
by software.

The detection of IRQ5 to IRQO interrupts does not depend on whether the relevant pin has been
set for input or output. However, when apin is used as an external interrupt input pin, do not clear
the corresponding DDR to O; and use the pin as an /O pin for another function.

A block diagram of interrupts IRQ5 to IRQO is shown in figure 5.2.

IRQNE
IRQNSCA, IRQNSCB

¢ IRQNF
Edge/level s IRQn interrupt
detection circuit o Q request
IRQn input ’—> R

Clear signal

Note:n=5t0 0

Figure5.2 Block Diagram of Interrupts IRQ5to IRQO
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54.2 Internal Interrupts
The sources for internal interrupts from on-chip peripheral modules have the following features:

e For each on-chip peripheral 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 setto 1
for aparticular interrupt source, an interrupt request isissued to the interrupt controller.

e Theinterrupt priority level can be set by means of IPR.
e TheDTC can be activated by a TPU, SCI, or other interrupt request.

e Whenthe DTC isactivated by an interrupt request, it is not affected by the interrupt control
mode or CPU interrupt mask bit.

55 Interrupt Exception Handling Vector Table
Table 5.2 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 IPR. Modules set at the same priority will conform to their default
priorities. Priorities within amodul e are fixed.
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Table5.2 Interrupt Sources, Vector Addresses, and Interrupt Priorities

Vector
Address”®
Interrupt Origin of Vector Advanced
Source Interrupt Source  Number Mode IPR Priority
External NMI 7 H'001C High
pin IRQO 16 H'0040 IPRAG to IPRA4 i
IRQ1 17 H'0044 IPRA2 to IPRAO
IRQ2 18 H'0048 IPRB6 to IPRB4
IRQ3 19 H'004C
IRQ4 20 H'0050 IPRB2 to IPRBO
IRQ5 21 H'0054
— Reserved for 22 H'0058
system use >3 H'005C
DTC SWDTEND 24 H'0060 IPRC2 to IPRCO
Watchdog  WOVIO 25 H'0064 IPRD6 to IPRD4
timer O
PC break PC break 27 H'006C IPRES6 to IPRE4
control
A/D ADI 28 H'0070 IPRE2 to IPREO
TPU TGIA_O 32 H'0080 IPRF6 to IPRF4
channel0 7G5 ¢ 33 H'0084
TGIC_O 34 H'0088
TGID_O 35 H'008C
TCIV_O 36 H'0090
TPU TGIA_1 40 H'00AO0 IPRF2 to IPRFO
channell 557 41 H'00A4
TCIV_1 42 H'00A8
TCIU_1 43 H'00AC
TPU TGIA_2 44 H'00BO IPRG6 to IPRG4
channel 2 T557 45 H'00B4
TCIV_2 46 H'00B8
TCIU_2 47 H'00BC Low
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Vector
Address”
Interrupt Origin of Vector Advanced
Source Interrupt Source  Number Mode IPR Priority
TPU TGIA_3 48 H'00CO IPRG2 to IPRGO High
channel 3 75573 49 H'00C4 1
TGIC 3 50 H'00C8
TGID_3 51 H'00CC
TCIV_3 52 H'00DO
TPU TGIA_4 56 H'00EQ IPRH6 to IPRH4
channel4 75137y 57 H'00E4
TCIV_4 58 H'00ES
TCIU 4 59 H'00EC
TPU TGIA 5 60 H'00F0 IPRH2 to IPRHO
channel 5 75575 61 H'00F4
TCIV_5 62 H'00F8
TCIU_5 63 H'00FC
8-bit imer  CMIA_0 64 H'0100 IPRI6 to IPRI4
channel 0 ‘cygo 65 H'0104
oVI_0 66 H'0108
8-bit timer  CMIA_1 68 H'0110 IPRI2 to IPRIO
channel 1 ‘~\p™y 69 H'0114
ovI_1 70 H'0118
scl ERI_O 80 H'0140 IPRJ2 to IPRJO
channel 0 oy, 81 H'0144
TXI_0 82 H'0148
TEL O 83 H'014C
scl ERI_2 88 H'0160 IPRK2 to IPRKO
channel 2 oy, 89 H'0164
X 2 90 H'0168
TEl 2 o1 H'016C Low
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Vector
Address”

Interrupt Origin of Vector Advanced
Source Interrupt Source  Number Mode IPR Priority
8-bittimer CMIA_2 92 H'0170 IPRL6 to IPRL4 High
channel 2~y g™ 93 H'0174 1

oVvI_2 94 H'0178
8-bit timer  CMIA_3 96 H'0180
channel 3 ‘cyg 3 97 H'0184

oVI_3 98 H'0188
HCAN ERSO, OVRO 104 H'01A0 IPRM6 to IPRM4

RMO 105 H'01A4

RM1 106 H'01A8

SLEO 107 H'01AC
SSuU SSEr_i0 108 H'01BO IPRM2 to IPRMO
channel 0 ggp, o 109 H'01B4

SSTx_i0 110 H'01B8
SSU SSERT il 111 H'01BC Low
channel 1
Note: * Lower 16 bits of the start address.
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5.6 Interrupt Control Modes and Interrupt Operation

The interrupt controller has two modes: interrupt control mode 0 and interrupt control mode 2.
Interrupt operations differ depending on the interrupt control mode. The interrupt control modeis
selected by SY SCR. Table 5.3 shows the differences between interrupt control mode 0 and
interrupt control mode 2.

Table5.3 Interrupt Control Modes

Interrupt Priority Setting Interrupt
Control Mode Registers Mask Bits Description

0

Default | The priorities of interrupt sources are fixed at the
default settings.
Interrupt sources, except for NMI, are masked
by the | bit.

IPR 12to 10 8 priority levels other than NMI can be set with
IPR.
8-level interrupt mask control is performed by
bits 12 to 10.

56.1 Interrupt Control Mode O

In interrupt control mode O, interrupt requests other than for NM1 are masked by the | bit in CCR
in the CPU. Figure 5.3 shows a flowchart of the interrupt acceptance operation in this case.

1

If an interrupt source occurs when the corresponding interrupt enable bit isset to 1, an
interrupt request is sent to the interrupt controller.

If thel bitin CCRisset to 1, only an NMI interrupt is accepted, and other interrupt requests
are held pending. If the | bit is cleared, an interrupt request is accepted.

When interrupt requests are sent to the interrupt controller, the interrupt with the highest
priority according to the interrupt priority levelsis selected and other interrupt requests are
held pending.

When the CPU accepts an interrupt request, it startsinterrupt exception handling after
execution of the current instruction has been completed.

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.

Next, thel bitin CCRisset to 1. This masks al interrupts except NMI.
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. The CPU generates a vector address for the accepted interrupt and starts execution of the
interrupt handling routine at the address indicated by the contents of the vector addressin the

vector table.

1

Program execution status

Interrupt generated?

No

Hold
pending

-

/

Save PC and CCR

1

1

1

Read vector address

1

|Branch to interrupt handling routinel

Figure5.3 Flowchart of Procedure Up to Interrupt Acceptance
in Interrupt Control Mode 0

RENESAS
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5.6.2 Interrupt Control Mode 2

In interrupt control mode 2, mask control is applied to eight levels for interrupt requests other than
NMI by comparing the EXR interrupt mask level (12 to 10 bits) in the CPU and the IPR setting.
Figure 5.4 shows a flowchart of the interrupt acceptance operation in this case.

1. If aninterrupt source occurs when the corresponding interrupt enable bit is set to 1, an interrupt
reguest 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 5.2 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 timeis
held pending, and only an interrupt request with a priority higher than the interrupt mask level
is accepted.

4. When the CPU accepts an interrupt request, it startsinterrupt exception handling after
execution of the current instruction has been completed.

5. ThePC, 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. TheT bitin EXR iscleared to 0. Theinterrupt mask level isrewritten with the priority level of
the accepted interrupt. If the accepted interrupt is NMI, the interrupt mask level is set to H'7.

7. The CPU generates a vector address for the accepted interrupt and starts execution of the
interrupt handling routine at the address indicated by the contents of the vector addressin the
vector table.
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!

Program execution status I

w\
nterrupt generated? No -

Yes

. No
Level 7 interrupt?

Yes No
Level 6 interrupt? _=>------------
Mask level 6 N Yes
or below? Level 1 interrupt?

Yes

Mask level 5 No Yes

or below?

Yes

Mask level 0?
Yes
Y
\ ¥

| :

| save PC, CCR, and EXR | Hold
+ pending

I Clear T bitto 0 I

!

I Update mask level I

1

I Read vector address I

!

IBranch to interrupt handling routinel

Figure5.4 Flowchart of Procedure Up to Interrupt Acceptancein Control Mode 2

5.6.3 I nterrupt Exception Handling Sequence

Figure 5.5 shows the interrupt exception handling sequence. The example shown isfor the case
where interrupt control mode O is set in advanced mode, and the program area and stack area are
in on-chip memory.
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Figure5.5 Interrupt Exception Handling
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5.6.4 Interrupt Response Times

Table 5.4 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 5.4 are explained in table 5.5.

This LSl is capable of fast word transfer to on-chip memory, has the program areain on-chip
ROM and the stack areain on-chip RAM, enabling high-speed processing.

Table5.4 Interrupt Response Times

Normal Mode*® Advanced Mode
Interrupt Interrupt Interrupt Interrupt
control control control control
No. Execution Status mode 0 mode 2 mode 0 mode 2
Interrupt priority determination™* 3 3 3 3

Number of wait states until executing 19 to 1+2-S, 19 to 1+2-S, 19to 1+2-S, 19to 1+2-S
instruction ends™*

3 PC, CCR, EXR stack save 2:S, 3:S, 2:S, 3S,

4 Vector fetch S, S, 2§, 2-S,

5 Instruction fetch™* 2:S, 2:S, 2:S, 2:S,

6 Internal processing™* 2 2 2 2

Total (using on-chip memory) 31to11 32to 12 321012 331t0 13

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 this LSI.

Rev. 4.00 Mar. 16, 2010 Page 83 of 606
REJ09B0155-0400
RENESAS



Section 5 Interrupt Controller

Table5.5 Number of Statesin Interrupt Handling Routine Execution Status

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,
Legend:
m: Number of wait states in an external device access.

Note: * Not available in this LSI.

5.6.5 DTC Activation by Interrupt

The DTC can be activated by an interrupt. For details, see section 8, Data Transfer Controller
(DTC).

5.7 Usage Notes

571 Conflict between Interrupt Generation and Disabling

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

When an interrupt enable bit is cleared to 0 by an instruction such asBCLR or MOV, and 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 thereis 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 O.
Figure 5.6 shows an example in which the TCIEV bit in TIER_O of the TPU is cleared to 0.

The above conflict will not occur if an enable bit or interrupt source flag is cleared to 0 while the
interrupt is masked.
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TIER_O write cycle by CPU i X
TCIV exception handling

Internal h .
address bus X TIER_O address X

Internal
write signal !

TCIEV i

TCFV J : ?

TCIV
interrupt signal

Figure5.6 Conflict between Interrupt Generation and Disabling

5.7.2 Instructionsthat Disable Interrupts

The instructions that disable interrupts are LDC, ANDC, ORC, and XORC. After any of these
instructions are executed, all interrupts including NMI are disabled and the next instruction is
always executed. When the | bit is set by one of these instructions, the new value becomes valid
two states after execution of the instruction ends.

573 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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574 Interrupts during Execution of EEPM OV Instruction
Interrupt operation differs between the EEPM OV .B instruction and the EEPMOV.W instruction.

With the EEPM OV .B instruction, an interrupt request (including NM1) issued during the transfer
is not accepted until the transfer is compl eted.

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 isthe address of the next instruction.

Therefore, if aninterrupt is generated during execution of an EEPMOV.W instruction, the
following coding should be used.

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

575 IRQ Interrupt

When operating by clock input, acceptance of input to an IRQ is synchronized with the clock. In
software standby mode, the input is accepted asynchronously. For details on the input conditions,
see section 24.3.2, Control Signal Timing.
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Section 6 PC Break Controller (PBC)

The PC break controller (PBC) provides functions that simplify program debugging. Using these
functions, it is easy to create a self-monitoring debugger, enabling programs to be debugged with
the chip alone, without using an in-circuit emulator. A block diagram of the PC break controller is
shown in figure 6.1.

6.1 Features

e Two break channels (A and B)
e 24-bit break address
— Bit masking possible
e Four types of break compare conditions
— Instruction fetch
— Dataread
— Datawrite
— Dataread/write
e Busmaster
— Either CPU or CPU/DTC can be selected
e Thetiming of PC break exception handling after the occurrence of abreak conditionisas
follows
— Immediately before execution of the instruction fetched at the set address (instruction
fetch)
— Immediately after execution of the instruction that accesses data at the set address (data
access)
e Module stop mode can be set
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Mask control

Control
logic

Output control

Internal address

PC break

Access interrupt

status

logic

Match signal

Mask control

Output control

| BARB |

Figure6.1 Block Diagram of PC Break Controller

6.2 Register Descriptions

The PC break controller has the following registers. For the addresses of these registers and
information on the register statesin different operating modes, see section 23, List of Registers.

e Break addressregister A (BARA)

e Break addressregister B (BARB)

e Break control register A (BCRA)

e Break control register B (BCRB)

6.2.1 Break Address Register A (BARA)

BARA isa32-bit readable/writable register that specifies the channel A break address.

Bit Bit Name Initial Value  R/W Description

31to 24 Undefined - Reserved

These bits are read as an undefined value
and cannot be modified.

23to0 BAA23 to BAAO  H'000000 R/W These bits set the channel A PC break
address.
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6.2.2

Break Address Register B (BARB)

BARB isthe channel B break address register. The bit configuration is the same as for BARA.

6.2.3

Break Control Register A (BCRA)

BCRA controls channel A PC breaks. BCRA also contains a condition match flag.

Bit  Bit Name Initial Value R/W Description
7 CMFA 0 R/W Condition Match Flag A
[Setting condition]
o When a condition set for channel A is satisfied
[Clearing condition]
o When 0 is written to CMFA after reading CMFA =
1
6 CDA 0 R/W CPU Cycle/DTC Cycle Select A
Selects the channel A break condition bus master.
0: CPU
1: CPU or DTC
5 BAMRA2 0 R/W Break Address Mask Register A2 to A0
4 BAMRAL 0 RIW These bits specify which bits of the break address set
3 BAMRAO 0 R/W

in BARA are to be masked.

000: BAA23 to BAAO (All bits are unmasked)

001: BAA23 to BAAL (Lowest hit is masked)

010: BAA23 to BAA2 (Lower 2 bits are masked)
011: BAA23 to BAA3 (Lower 3 bits are masked)
100: BAA23 to BAA4 (Lower 4 bits are masked)
101: BAA23 to BAAS8 (Lower 8 bits are masked)
110: BAA23 to BAA12 (Lower 12 bits are masked)
111: BAA23 to BAA16 (Lower 16 bits are masked)
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Bit  Bit Name Initial Value R/W Description

N

CSELA1 0 R/W Break Condition Select A
1 CSELAO 0 RIW Selects break condition of channel A.

00: Instruction fetch is used as break condition
01: Data read cycle is used as break condition
10: Data write cycle is used as break condition

11: Data read/write cycle is used as break condition

0 BIEA 0 R/W Break Interrupt Enable A

When this bit is 1, the PC break interrupt request of
channel A is enabled.

6.2.4 Break Control Register B (BCRB)

BCRB isthe channel B break control register. The bit configuration is the same asfor BCRA.

6.3 Operation

The operation flow from break condition setting to PC break interrupt exception handling is
shown in section 6.3.1, PC Break Interrupt Due to Instruction Fetch, and section 6.3.2, PC Break
Interrupt Due to Data Access, taking the example of channel A.

6.3.1 PC Break Interrupt Dueto Instruction Fetch

1. Set the break addressin BARA.
For a PC break caused by an instruction fetch, set the address of the first instruction byte as the
break address.

2. Set the break conditionsin BCR.
Set bit 6 (CDA) to 0 to select the CPU because the bus master must be the CPU for a PC break
caused by an instruction fetch. Set the address bits to be masked to bits 5 to 3 (BAMA2 to
BAMAUOQ). Set bits2 and 1 (CSELA1 and CSELAQ) to 00 to specify an instruction fetch asthe
break condition. Set bit 0 (BIEA) to 1 to enable break interrupts.

3. When the instruction at the set addressis fetched, a PC break request is generated immediately
before execution of the fetched instruction, and the condition match flag (CMFA) is set.

4, After priority determination by the interrupt controller, PC break interrupt exception handling
is started.
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6.3.2 PC Break Interrupt Dueto Data Access

Set the break addressin BARA.

For a PC break caused by a data access, set the target ROM, RAM, 1/0O, or external address
space address as the break address. Stack operations and branch address reads are included in
data accesses.

Set the break conditionsin BCRA.

Select the bus master with bit 6 (CDA). Set the address bits to be masked to bits5to 3
(BAMAZ2 to BAMADO). Set bits2 and 1 (CSELA1 and CSELAOQ) to 01, 10, or 11 to specify
data access as the break condition. Set bit O (BIEA) to 1 to enable break interrupts.

After execution of the instruction that performs a data access on the set address, a PC break
regquest is generated and the condition match flag (CMFA) is set.

After priority determination by the interrupt controller, PC break interrupt exception handling
is started.

6.3.3 PC Break Operation at Consecutive Data Transfer

When a PC break interrupt is generated at the transfer address of an EEPM OV .B instruction

PC break exception handling is executed after all data transfers have been completed and the
EEPMOQV .B instruction has ended.

When a PC break interrupt is generated at a DTC transfer address

PC break exception handling is executed after the DTC has completed the specified number of
datatransfers, or after datafor which the DISEL bit is set to 1 has been transferred.

6.3.4 Operation in Transitionsto Power-Down Modes

The operation when a PC bresk interrupt is set for an instruction fetch at the address after a
SLEEP instruction is shown below.

When the SLEEP instruction causes a transition from high-speed (medium-speed) mode to
sleep mode:

After execution of the SLEEP instruction, atransition is not made to sleep mode, and PC break
exception handling is executed. After execution of PC break exception handling, the
instruction at the address after the SLEEP instruction is executed (figure 6.2 (A)).

When the SLEEP instruction causes a transition to software standby mode:

After execution of the SLEEP instruction, atransition is made to software standby mode, and
PC break exception handling is not executed. However, the CMFA or CMFB flag is set (figure
6.2 (B)).
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SLEEP

SLEEP
instruction execution

instruction execution

PC break exception Transition to
handling respective mode
(B)
Execution of instruction
after sleep instruction

(G

Figure6.2 Operation in Power-Down Mode Transitions

6.3.5 When | nstruction Execution s Delayed by One State

While the break interrupt enable bit is set to 1, instruction execution is one state later than usual.

For 1-word branch instructions (Bcc d:8, BSR, JSR, IMP, TRAPA, RTE, and RTS) in on-chip
ROM or RAM.

When break interrupt by instruction fetch is set, the set address indicates on-chip ROM or
RAM space, and that address is used for data access, the instruction will be one state later than
in normal operation.

When break interrupt by instruction fetch is set and a break interrupt is generated, if the
executing instruction immediately preceding the set instruction has one of the addressing
modes shown below, and that address indicates on-chip ROM or RAM, the instruction will be
one state later than in normal operation.

Addressing modes: @ERnN, @(d:16,ERn), @(d:32,ERn), @-ERn/ERN+, @aa:8, @aa:24,
@aa:32, @(d:8,PC), @(d:16,PC), @@aa:8

When break interrupt by instruction fetch is set and a break interrupt is generated, if the
executing instruction immediately preceding the set instruction is NOP or SLEEP, or has
#xx,Rn asits addressing mode, and that instruction islocated in on-chip ROM or RAM, the
instruction will be one state later than in normal operation.
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6.4  UsageNotes

6.4.1 Module Stop M ode Setting

PBC operation can be disabled or enabled using the module stop control register. The initial
setting is for PBC operation to be halted. Register accessis enabled by clearing module stop
mode. For details, refer to section 22, Power-Down Modes.

6.4.2 PC Break Interrupts

The PC break interrupt is shared by channels A and B. The channel from which the request was
issued must be determined by the interrupt handler.

6.4.3 CMFA and CMFB

The CMFA and CMFB flags are not automatically cleared to 0, so O must be written to CMFA or
CMPFB after first reading the flag whileit is set to 1. If the flag isleft set to 1, another interrupt
will be requested after interrupt handling ends.

6.4.4 PC Break Interrupt when DTC IsBus Master

A PC break interrupt generated when the DTC is the bus master is accepted after the bus
mastership has been transferred to the CPU by the bus controller.

6.4.5 PC Break Set for Instruction Fetch at Address Following BSR, JSR, IMP, TRAPA,
RTE, or RTSInstruction

Even if the instruction at the address following aBSR, JSR, IMP, TRAPA, RTE, or RTS
instruction is fetched, it is not executed, and so a PC break interrupt is not generated by the
instruction fetch at the next address.

6.4.6 | Bit Set by LDC, ANDC, ORC, or XORC Instruction

When the | bit isset by an LDC, ANDC, ORC, or XORC instruction, a PC bresk interrupt
becomes valid two states after the end of the instruction execution. If a PC break interrupt is set
for the instruction following one of these instructions, since interrupts, including NMI, are
disabled for a 3-state period in the case of LDC, ANDC, ORC, and XOR, the next instruction is
always executed. For details, see section 5, Interrupt Controller.
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6.4.7 PC Break Set for Instruction Fetch at Address Following Bec Instruction

A PC break interrupt is generated if the instruction at the next address is executed in accordance
with the branch condition, and is not generated if the instruction at the next address is not
executed.

6.4.8 PC Break Set for Instruction Fetch at Branch Destination Address of Bcc
Instruction

A PC break interrupt is generated if the instruction at the branch destination is executed in
accordance with the branch condition, and is not generated if the instruction at the branch
destination is not executed.
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Section 7 Bus Controller

The H8S5/2600 CPU is driven by a system clock, denoted by the symbol ¢.

The bus controller controls amemory cycle and a bus cycle. Different methods are used to access
on-chip memory and on-chip support modules. The bus controller also has a bus arbitration
function, and controls the operation of the internal bus masters: the CPU and data transfer
controller (DTC).

7.1 Basic Timing

The period from one rising edge of ¢ to the next isreferred to as a “ state”. The memory cycle or
bus cycle consists of one, two, three, or four states. Different methods are used to access on-chip
memory and on-chip support modules.

711 On-Chip Memory Access Timing (ROM, RAM)

On-chip memory is accessed in one state. The data busis 16 bits wide, permitting both byte and
word transfer instruction. Figure 7.1 shows the on-chip memory access cycle.

Bus cycle
T1

' '
——
' '

Internal address bus X Address X

Internal read signau
Read i :

Internal data bus r Read data

Internal write signal \ /
Write \

Internal data bus : Write data

Figure7.1 On-Chip Memory Access Cycle
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7.1.2 On-Chip Support Module Access Timing

The on-chip support modules, except for the HCAN, SSU, and realtime input port data register,
are accessed in two states. The data busis either 8 bits or 16 bhits wide, depending on the particular
internal 1/0 register being accessed. For details, refer to section 23, List of Registers. Figure 7.2
shows access timing for the on-chip peripheral modules.

Bus cycle !

E T \ T2 :

Internal address bus X Address X

Internal read signal \ / ,
Read 1

Internal data bus , { Read data —

Internal data bus —E—( Write data )—

Internal write signal : \ /
, :
Write

Figure7.2 On-Chip Support Module Access Cycle
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7.13 On-Chip HCAN Module Access Timing

On-chip HCAN module access is performed in four states. The data bus width is 16 bits. Wait
states can be inserted by means of await request from the HCAN. On-chip HCAN modul e access

timing is shown in figure 7.3.

| Bus cycle |

LT Te o Ts o Tw T T

o . : . :

Internal address bus D( Address xl

HCAN read signal o\ . . . . H /i

Read , . : i i j .
Internal data bus ; . . . { ‘Read data }—

HCAN write signal E \ : : / E

Write , | | | | , ,
Internal data bus  ———t—{ ' —

Write data

Figure7.3 On-Chip HCAN Module Access Cycle (with Wait States)

RENESAS
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714 On-Chip SSU Module and Realtime Input Port Data Register Access Timing

The on-chip SSU module or realtime input port data register is accessed in three states. At this
time, adata bus width is 16 hits. Figure 7.4 shows the SSU module access timing.

Bus cycle

T . T T3
Address X:

SSU read signal _E_\_;—:/_E_
Read i i

Internal address bus

-5

Internal data bus . . {Read datay—

SSU write signal E : ' !
Write i , . .

Internal data bus : (Write data) :

Figure 7.4 On-Chip SSU Module Access Cycle
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7.2 BusArbitration
The Bus Controller has a bus arbiter that arbitrates bus master operations.

There are two bus masters, the CPU and DTC, which perform read/write operations when they
control the bus.

7.2.1 Order of Priority of the Bus Masters

Each bus master requests the bus mastership by means of a bus request signal. The bus arbiter
detects the bus masters' bus request signals, and if the bus mastership is requested, sends a bus
reguest 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 cancelled.

The order of priority of the bus mastership is asfollows:

(Highy DTC > CPU (Low)

722 Bus Transfer Timing

Even if abus request is received from a bus master with a higher priority than that of the bus
master that has acquired the bus mastership and is currently operating, the bus mastership is not
necessarily transferred immediately. The CPU is the lowest-priority bus master, and if abus
request is received from the DTC, the bus arbiter transfers the bus mastership to the bus master
that issued the request. The timing for transfer of the bus mastership is as follows:

e Thebus mastership istransferred at a break between bus cycles.

However, if abus cycle is executed in discrete operations, as in the case of alongword-size
access, the bus mastership is not transferred between such operations. For details, refer to
section 2.7, Bus Status in Instruction Execution in the H8S/2600 Series, H8S/2000 Series
Software Manual.

e |f the CPU isin sleep mode, it transfers the bus mastership immediately.

The DTC can release the bus mastership after a vector read, aregister information read (3 states),
asingle datatransfer, or aregister information write (3 states). It does not release the bus
mastership during a register information read (3 states), a single data transfer, or aregister
information write (3 states).
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Section 8 Data Transfer Controller (DTC)

This LSl includes a data transfer controller (DTC). The DTC can be activated by an interrupt or
software, to transfer data.

Figure 8.1 shows ablock diagram of the DTC.

The DTC' s register information is stored in the on-chip RAM. When the DTC is used, the RAME
bitin SY SCR must be set to 1. 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.

8.1 Features

e Transfer ispossible over any number of channels
e Threetransfer modes
— Normal, repesat, and block transfer modes are available
e One activation source can trigger a number of data transfers (chain transfer)
e Thedirect specification of 16-Mbyte address space is possible
e Activation by softwareis possible
e Transfer can be set in byte or word units
e A CPU interrupt can be requested for the interrupt that activated the DTC
e Module stop mode can be set
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Internal address bus

‘ ’ ‘ ’ On-chip

Interrupt controller DTC RAM
Interrupt s
g
request é 8 - o g !
[=2] 1
N L QUUJ é \| o 0 ol m ‘g !
J |L—) = = _/ ° @ | < v P
o ol |2 = S| <|w|O|® s
8 S | Helx & !
S <|©|© o
- o x
39 s :
03 :
E g ‘ ’ | ‘ ’
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 DTCERG: DTC enable registers A to G
DTVECR: DTC vector register

Figure8.1 Block Diagram of DTC
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8.2

Register Descriptions

The DTC has the following registers. For the addresses of these registers and information on the
register states in different operating modes, see section 23, List of Registers.

DTC moderegister A (MRA)

DTC mode register B (MRB)

DTC source address register (SAR)
DTC destination address register (DAR)
DTC transfer count register A (CRA)
DTC transfer count register B (CRB)

These six registers cannot be directly accessed from the CPU.

When activated, the DTC reads a set of register information that is stored in on-chip RAM to the
corresponding DTC registers and transfers data. After the data transfer, it writes a set of updated
register information back to the RAM.

DTC enable registers (DTCER)
DTC vector register (DTVECR)
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821 DTC Mode Register A (MRA)
MRA is an 8-hit register that selects the DTC operating mode.

Bit Bit Name Initial Value R/W Description

7 SM1 Undefined — Source Address Mode 1 and 0
6 SMO Undefined - These bits specify an SAR operation after a data
transfer.

Ox: SAR is fixed

10: SAR is incremented after a transfer

(by +1 when Sz = 0; by +2 when Sz = 1)
11: SAR is decremented after a transfer

(by —1 when Sz = 0; by -2 when Sz = 1)

5 DM1 Undefined — Destination Address Mode 1 and 0
4 DMO Undefined —

These bits specify a DAR operation after a data
transfer.

Ox: DAR is fixed

10: DAR is incremented after a transfer
(by +1 when Sz = 0; by +2 when Sz = 1)

11: DAR is decremented after a transfer
(by —1 when Sz = 0; by —2 when Sz = 1)
3 MD1 Undefined — DTC Mode
2 MDO Undefined - These bits specify the DTC transfer mode.
00: Normal mode
01: Repeat mode
10: Block transfer mode
11: Setting prohibited
1 DTS Undefined — DTC Transfer Mode Select

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.

0: Destination side is repeat area or block area
1: Source side is repeat area or block area

0 Sz Undefined — DTC Data Transfer Size
Specifies the size of data to be transferred.

0: Byte-size transfer
1: Word-size transfer

Legend:
x: Don'’t care
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8.2.2 DTC Mode Register B (MRB)
MRB is an 8-hit register that selects the DTC operating mode.

Bit  Bit Name Initial Value R/W Description
7 CHNE Undefined — DTC Chain Transfer Enable

When this bit is set to 1, a chain transfer will be
performed. For details, refer to 8.5.4, Chain Transfer.

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,
are not performed.

6 DISEL Undefined — DTC Interrupt Select

When this bit is set to 1, a CPU interrupt request is
generated every time after the end of a data transfer.
When this bit is set to 0, a CPU interrupt request is
generated at the time when the specified number of
data transfer ends.

5t00 — Undefined — Reserved

These bits have no effect on DTC operation. Only 0
should be written to these bits.

8.2.3 DTC Source Address Register (SAR)

SAR is a24-bit register that designates the source address of datato be transferred by the DTC.
For word-size transfer, specify an even source address.

8.24 DTC Destination Address Register (DAR)

DAR isa24-hit register that designates the destination address of data to be transferred by the
DTC. For word-size transfer, specify an even destination address.

8.25 DTC Transfer Count Register A (CRA)
CRA isa 16-hit register that designates the number of times datais to be transferred by the DTC.

In normal mode, the entire CRA functions as a 16-bit transfer counter (1 to 65,536). It is
decremented by 1 every time datais transferred, and transfer ends when the count reaches H'0000.
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In repeat mode or block transfer mode, the CRA is divided into two parts; the upper 8 bits
(CRAH) and the lower 8 bits (CRAL). CRAH holds the number of transfers while CRAL
functions as an 8-bit transfer counter (1 to 256). CRAL is decremented by 1 every time datais
transferred, and the contents of CRAH are sent when the count reaches H'00.

8.2.6 DTC Transfer Count Register B (CRB)

CRB is a 16-bit register that designates the number of times dataisto be transferred by the DTC in
block transfer mode. It functions as a 16-bit transfer counter (1 to 65,536) that is decremented by 1
every time datais transferred, and transfer ends when the count reaches H'0000.

8.2.7 DTC Enable Registers (DTCER)

DTCER iscomprised of seven registers; DTCERA to DTCERG, and is aregister that specifies
DTC activation interrupt sources. The correspondence between interrupt sources and DTCE bitsis
shown in table 8.1. For DTCE bit setting, use bit manipulation instructions such as BSET and
BCLR for reading and writing. If al interrupts are masked, multiple activation sources can be set
at onetime (only at theinitial setting) by writing data after executing a dummy read on the
relevant register.

Bit Bit Name Initial Value R/W Description

7 DTCE7 0 R/W DTC Activation Enable

6 DTCEG6 0 RIW Setting these bits to 1 specifies a relevant interrupt
5 DTCES 0 RIW source as a DTC activation source.

4 DTCE4 0 R/W ] B

3 DTCE3 0 rR/Ww  [Clearing conditions]

2 DTCE2 0 R/W e When the DISEL bitin MRB is 1 and the data
1 DTCEL 0 RIW transfer has ended

0 DTCEO 0 R/W

e When the specified number of transfers have
ended
These bits are not cleared when the DISEL bit is 0

and the specified number of transfers have not been
completed.
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828  DTC Vector Register (DTVECR)

DTVECR isan 8-hit readable/writable register that enables or disables DTC activation by
software, and sets a vector number for the software activation interrupt.

Bit  Bit Name Initial Value R/W Description
7 SWDTE 0 R/W DTC Software Activation Enable
Setting this bit to 1 activates DTC. Only 1 can be
written to this bit.
[Clearing conditions]
e When the DISEL bit is 0 and the specified
number of transfers have not ended
o When 0 is written to the DISEL bit after a
software-activated data transfer end interrupt
(SWDTEND) request has been sent to the CPU.
When the DISEL bit is 1 and data transfer has ended
or when the specified number of transfers have
ended, this bit will not be cleared.
6 DTVEC6 0 R/W DTC Software Activation Vectors 6 to 0
5 DTVEC5 0 RIW These bits specify a vector number for DTC software
4 DTVEC4 0 R/W activation.
3 DTVEC3 0 R/W )
2 DTVEC2 0 R/W  Thevector address is expressed as H'0400 + (vector
1 DTVEC1 0 R/W number x 2). For example, when DTVECS6 to
0 DTVECO 0 rR/w  DTVECO = H'10, the vector address is H'0420. When

the bit SWDTE is 0, these bits can be written.
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Section 8 Data Transfer Controller (DTC)

8.3 Activation Sour ces

The DTC operates when activated by an interrupt or by awrite to DTVECR by software. An
interrupt request can be directed to the CPU or DTC, as designated by the corresponding DTCER
bit. At the end of adatatransfer (or the last consecutive transfer in the case of chain transfer), the
activation source or corresponding DTCER bit is cleared. The activation sourceflag, in the case

of RXI1_O, for example, isthe RDRF flag of SCI_O.

When an interrupt has been designated a DTC activation source, the 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.

Figure 8.2 shows a block diagram of DTC activation source control. For details, see section 5,

Interrupt Controller.

Source flag cleared
Clear
controller
Clear
A
DTCER
Select Clear request
A /
On-chip
supporting - - DTC
module 3
S
i -l §
IRQ interrupt Interrupt k=
request %j -
(7]
DTVECR *1 Interrupt controller
‘Imerrupt mask

CPU

Figure8.2 Block Diagram of DTC Activation Source Control
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Section 8 Data Transfer Controller (DTC)

8.4 L ocation of Register Information and DTC Vector Table

Locate the register information in the on-chip RAM (addresses: H'FFEBCO to H'FFEFBF).
Register information should be located at an address that is a multiple of four within the range.
Locating the register information in address space is shown in figure 8.3. Locate the MRA, SAR,
MRB, DAR, CRA, and CRB registers, in that order, from the start address of the register
information.

In the case of chain transfer, register information should be located in consecutive areas and the
register information start address should be located at the vector address corresponding to the
interrupt source as shown in figure 8.3. 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.

When the DTC is activated by software, the vector addressis obtained from: H'0400 +
(DTVECRJ[6:0] x 2). For example, if DTVECR is H'10, the vector address is H'0420. 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 register information start
address.

Lower address

r N\
0 1 2 3
Register T T -~
information — MRA SAR
start address
MRB DAR Register information
. CRA CRB
Chain -/
transfer |: ~
MRA SAR
Register information
MRB DAR for 2nd transfer in
chain transfer
CRA CRB
4 bytes

/\/

Figure8.3 Location of DTC Register Information in Address Space
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Table8.1 Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEs

Interrupt Origin of DTC
Source Interrupt Source Vector Number Vector Address DTCE* Priority
Software Write to DTVECR DTVECR H'0400 + (vector High
number x 2) 4

External pin IRQO 16 H'0420 DTCEA7

IRQL 17 H'0422 DTCEA6

IRQ2 18 H'0424 DTCEAS

IRQ3 19 H'0426 DTCEA4

IRQ4 20 H'0428 DTCEA3

IRQ5 21 H'042A DTCEA2

Reserved for 22 H'042C DTCEA1

system use 23 H'042E DTCEAO
A/D counter  ADI (A/D conversion 28 H'0438 DTCEB6

end)
TPU TGIA_O 32 H'0440 DTCEB5
channel0 7537 33 H'0442 DTCEB4

TGIC_ 0 34 H'0444 DTCEB3

TGID_0 35 H'0446 DTCEB2
TPU TGIA_1 40 H'0450 DTCEB1
channell 75371 41 H'0452 DTCEBO
TPU TGIA_2 44 H'0458 DTCEC?
channel2 7557 45 H'045A DTCEC6
TPU TGIA_3 48 H'0460 DTCECS
channel 3 75573 49 H'0462 DTCEC4

TGIC_3 50 H'0464 DTCEC3

TGID_3 51 H'0466 DTCEC2
TPU TGIA 4 56 H'0470 DTCEC1
channel4 1557y 57 H'0472 DTCECO
TPU TGIA_5 60 H'0478 DTCED5
channel5  Tg75 61 H'047A DTCED4  Low
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Section 8 Data Transfer Controller (DTC)

Interrupt Origin of DTC
Source Interrupt Source Vector Number Vector Address DTCE" Priority
8-bit timer CMIA_1 64 H'0480 DTCED3 High
channel 0 65 H'0482 DTCED2 1
8-bit timer CMIB_1 68 H'0488 DTCED1
channel 1 69 H'048A DTCEDO
Reserved 72 H'0490 DTCEE7
73 H'0492 DTCEE6
74 H'0494 DTCEES
75 H'0496 DTCEE4
SCI RXI_0 81 H'04A2 DTCEE3
channel0 Ty 82 H'04A4 DTCEE2
SCI RXI_2 89 H'04B2 DTCEF7
channel 2 Ty 90 H'04B4 DTCEF6
8-bit timer CMIA_2 92 H'04B8 DTCEF5
channel2  ‘cyg 93 H'04BA DTCEF4
8-bit timer CMIA_3 96 H'04C0 DTCEF3
channel 3 cyig3 97 H'04C2 DTCEF2
HCAN Reserved for system 104 H'04D0 DTCEG7
use
RMO 105 H'04D2 DTCEG6
Reserved for system 106 H'04D4 DTCEG5
use
Reserved for system 107 H'04D6 DTCEG4
use
SSuU SSRx_i0 109 H'04DA DTCEG2
channel 0 gg1, o 110 H'04DC DTCEG1  Low
Note: * DTCE bits with no corresponding interrupt are reserved, and the write value should
aslways be 0.
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8.5 Operation

Register information is stored in on-chip RAM. When activated, the DTC reads register
information in on-chip RAM and transfers data. After the data transfer, the DTC writes updated
register information back to the on-chip RAM.

The pre-storage of register information in the on-chip RAM makes it possible to transfer data over
any required number of channels. The transfer mode can be specified as normal, repeat, and block
transfer mode. Setting the CHNE bit in MRB to 1 makesit possible to perform a number of
transfers with a single activation source (chain transfer).

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 depending on its register information.

Read DTC vector

Next transfer

Read register information

1

Data transfer

1

Write register information

Transfer Counter=0
or DISEL=1

Clear an activation flag Clear DTCER

End Interrupt e)_(ception
handling

Figure8.4 Flowchart of DTC Operation
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Section 8 Data Transfer Controller (DTC)

85.1 Normal Mode
In normal mode, one operation transfers one byte or one word of data.
Table 8.2 lists the register information in normal mode.

From 1 to 65,536 transfers can be specified. Once the specified number of transfers have been
completed, a CPU interrupt can be requested.

Table8.2 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

D N e N

SAR —» — ~— DAR

Transfer

N~ — N S~

Figure8.5 Memory Mappingin Normal Mode
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8.5.2 Repeat Mode

In repeat mode, one operation transfers one byte or one word of data. Table 8.3 lists the register
information in repeat mode.

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 areais 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.

Table8.3 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

N— N— N

SAR DAR
or — Repeat area <:> ~— o

DAR AR
Transfer S

N~ — N &~ _/

Figure8.6 Memory Mapping in Repeat Mode
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8.5.3 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. Table 8.4 lists the register information in block
transfer mode.

The block size can be between 1 and 256. When the transfer of one block ends, theinitial state of
the block size counter and the address register specified as the block areais 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 been
completed, a CPU interrupt is requested.

Table8.4 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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SAR
or —m
DAR

—

B First block
] N— N
<:> Block area
B 7] Transfer B
B _ N~
Nth block
N~

DAR

SAR

Figure8.7 Memory Mappingin Block Transfer Mode
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Section 8 Data Transfer Controller (DTC)

854 Chain Transfer

Setting the CHNE hit in MRB to 1 enables a number of datatransfersto be performed
consecutively in response to asingle transfer request. SAR, DAR, CRA, CRB, MRA, and MRB,
which define data transfers, can be set independently.

Figure 8.8 shows the outline of the chain transfer operation.

When activated, the DTC reads the register information start address stored at the vector address
corresponding to the activation source, and then reads the first register information at that start
address. After data transfer ends, the CHNE bit will be tested. When it hasbeen set to 1, DTC
reads the next register information located in a consecutive area and performs the data transfer.
These sequences are repeated until the CHNE bit is cleared to O.

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.

T S~————
Source
/‘\_/ /-\_/
Destination
Register information
CHNE=1
DTC vector Register information
address start address ) ) )
Register information
CHNE=0
— Source
/\/ /\/

/ Destination

Figure8.8 Chain Transfer Operation
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855 Interrupts

An interrupt request is issued to the CPU when the DTC has completed the specified number of
datatransfers, or adata 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 software activation, a software-activated data transfer end interrupt (SWDTEND) is
generated.

When the DISEL bit is 1 and one data transfer has been completed, or the specified number of
transfers have been completed, after data transfer ends the SWDTE bitisheld at 1 and an
SWDTEND interrupt is generated. The interrupt handling routine will then 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 hit is set to 1.

8.5.6 Operation Timing

¢ JUUuUUUUy UL
DTC activation \
request /

DTC

request / \

Data transfer

Vector read -
O OOOE=O00
e e ol e e ol
Transfer Transfer
information read information write

Figure8.9 DTC Operation Timing (Examplein Normal Mode or Repeat M ode)
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’ JUuudyuurrryUyyUuyL
DTC activation

request / \
DTC

request / \

Vector read Data transfer

-
Address D ...@@M...

Transfer Transfer
information read information write

Figure8.10 DTC Operation Timing (Example of Block Transfer Mode,
with Block Size of 2)

DTC activation
request _/ \—
DTC _/ |
request Data transfer Data transfer
Vector read -~ -~
Address
Transfer Transfer Transfer Transfer
information read information  information information write
write read

Figure8.11 DTC Operation Timing (Example of Chain Transfer)

8.5.7 Number of DTC Execution States

Table 8.5 lists execution status for asingle DTC data transfer, and table 8.6 shows the number of
states required for each execution status.
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Table85 DTC Execution Status

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

Legend:

N: Block size (initial setting of CRAH and CRAL)

Table8.6 Number of States Required for Each Execution Status

Object to be Accessed Cohr;p Cohr;p O;égihsitirléo External Devices”®
RAM | ROM
Bus width 32 16 16 8 16
Access states 1 1 2 3 2 3
Execution | Vector read S, — 1 — — 4 |6+2m| 2 3+m
status Register information 1 — — — — — — —
read/write S,
Byte data read S, 1 1 2 2 2 3+m 2 3+m
Word data read 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

Note: * Not available in this LSI.

The number of execution statesis calculated from using the formula below. Note that X isthe sum
of all transfers activated by one activation source (the number in which the CHNE bit is set to 1,

plus 1).

Number of execution states=1-(1+S)+XZ (J-S+K-S+L-§)+M -,

For example, when the DTC vector addresstable islocated in the on-chip ROM, normal mode is
set, and datais transferred from on-chip ROM to an internal 1/0 register, then the time required for
the DTC operation is 13 states. The time from activation to the end of the datawriteis 10 states.
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8.6 Proceduresfor Using DTC

8.6.1 Activation by Interrupt

The procedure for using the DTC with interrupt activation isas follows:

pw DN PR

Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in on-chip RAM.
Set the start address of the register information in the DTC vector address.
Set the corresponding bit in DTCER to 1.

Set the enable bits for the interrupt sources to be used as the activation sourcesto 1. The DTC
is activated when an interrupt used as an activation source is generated.

After one data transfer has been completed, or after the specified number of data transfers have
been completed, the DTCE bit is cleared to 0 and a CPU interrupt is requested. If the DTC isto
continue transferring data, set the DTCE bit to 1.

8.6.2 Activation by Software

The procedure for using the DTC with software activation is as follows:

o 0k~ wbdPE

Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in on-chip RAM.
Set the start address of the register information in the DTC vector address.

Check that the SWDTE bit is 0.

Write 1 to SWDTE bit and the vector number to DTVECR.

Check the vector number written to DTVECR.

After one data transfer has been completed, if the DISEL bit is0 and a CPU interrupt is not
reguested, the SWDTE hit iscleared to 0. If the DTC isto continue transferring data, set the
SWDTE hit to 1. When the DISEL bit is 1, or after the specified number of data transfers have
been completed, the SWDTE bit isheld at 1 and a CPU interrupt is requested.
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8.7 Examplesof Useof theDTC

8.7.1 Normal Mode
An exampleis shown in which the DTC is used to receive 128 bytes of data viathe SCI.

1. Set MRA to afixed source address (SM1 = SMO = 0), incrementing destination address (DM 1
=1, DM0 = 0), norma 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 addressin SAR, the start address of the RAM area where 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 (RX1) interrupt. Since the generation of areceive error during the SCI
reception operation will disable subsequent reception, the CPU should be enabled to accept
receive error interrupts.

5. Each time the reception of one byte of data has been completed on the SCI, the RDRF flag in
SSRissetto 1, an RXI interrupt is generated, and the DTC is activated. The receive datais
transferred from RDR to RAM by the DTC. DAR isincremented and CRA is decremented.
The RDRF flag is automatically cleared to O.

6. When CRA becomes 0 after the 128 data transfers have been completed, the RDRF flag is held
at 1, the DTCE hit is cleared to 0, and an RXI interrupt request is sent to the CPU. The
interrupt handling routine will perform wrap-up processing.
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8.7.2 Chain Transfer

An example of DTC chain transfer is shown in which pulse output is performed using the PPG.
Chain transfer can be used to perform pulse output data transfer and PPG output trigger cycle
updating. Repeat mode transfer to the PPG’s NDR is performed in the first half of the chain
transfer, and normal mode transfer to the TPU’s TGR in the second half. Thisis because clearing
of the activation source and interrupt generation at the end of the specified number of transfers are
restricted to the second half of the chain transfer (transfer when CHNE = 0).

1

Perform settings for transfer to the PPG’s NDR. Set MRA to incrementing source address
(SM1=1, SM0=0), afixed destination address (DM 1 = DMO = 0), repeat mode (MD1 =0,
MDO = 1), and word size (Sz = 1). Set the source side as arepeat area (DTS =1). Set MRB to
chain mode (CHNE = 1, DISEL = 0). Set the data table start addressin SAR, the NDRH
addressin DAR, and the datatable sizein CRAH and CRAL. CRB can be set to any value.
Perform settings for transfer to the TPU’s TGR. Set MRA to incrementing source address
(SM1=1, SM0=0), afixed destination address (DM 1 = DMO = 0), norma mode (MD1 =
MDO = 0), and word size (Sz = 1). Set the data table start addressin SAR, the TGRA address
in DAR, and the datatable sizein CRA. CRB can be set to any value.

Locate the TPU transfer register information consecutively after the NDR transfer register
information.

Set the start address of the NDR transfer register information to the DTC vector address.

Set the bit corresponding to TGIA in DTCER to 1.

Set TGRA as an output compare register (output disabled) with TIOR, and enable the TGIA
interrupt with TIER.

Set the initial output value in PODR, and the next output value in NDR. Set bitsin DDR and
NDER for which output isto be performed to 1. Using PCR, select the TPU compare match to
be used as the output trigger.

Set the CST bit in TSTR to 1, and start the TCNT count operation.

Each time a TGRA compare match occurs, the next output value is transferred to NDR and the
set value of the next output trigger period istransferred to TGRA. The activation source TGFA
flag iscleared.

10. When the specified number of transfers are completed (the TPU transfer CRA valueis 0), the

TGFA flag isheld at 1, the DTCE bit is cleared to 0, and a TGIA interrupt request is sent to the
CPU. Termination processing should be performed in the interrupt handling routine.
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8.7.3 Softwar e Activation

An example is shown in which the DTC is used to transfer ablock 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'04C0).

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 datais H'EOQ.

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. Thisis 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 datais transferred.

7. After thetransfer, 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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8.8 Usage Notes

881 Module Stop M ode Setting

DTC operation can be disabled or enabled using the module stop control register. The initial
setting is for DTC operation to be enabled. Register accessis disabled by setting module stop
mode. Note that module stop mode cannot be set during DTC being activated. For details, refer to
section 22, Power-Down Modes.

8.8.2 On-Chip RAM

The MRA, MRB, SAR, DAR, CRA, and CRB registers are al located in on-chip RAM. When the
DTC isused, the RAME bit in SY SCR must not be cleared to 0.

8.8.3 DTCE Bit Setting

For DTCE hit setting, use bit manipulation instructions such as BSET and BCLR. If al interrupts
are masked, multiple activation sources can be set at one time (only at the initial setting) by
writing data after executing adummy read on the relevant register.
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Section 9 1/0O Ports

Table 9.1 summarizes the port functions. The pins of each port also have other functions such as
input/output or interrupt input pins of on-chip peripheral modules.

Each 1/0 port includes a data direction register (DDR) that controls input/output, a data register
(DR) that stores output data, and a port register (PORT) used to read the pin states. The input-only
ports do not have a DR or DDR register.

Ports A to D have built-in input pull-up MOS functions and input pull-up MOS control registers
(PCR) to control the on/off state of input pull-up MOS.

Ports A to C include an open-drain control register (ODR) that controls the on/off state of the
output buffer PMOS.

All the I/O ports can drive asingle TTL load and a 30 pF capacitive load.
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Table9.1 Port Functions

Port and Input/Output and
Port Description Other Functions Name Output Type

Port 1 General I/O port also P17/PO15/TIOCB2/TCLKD

functioning as TPU_2,  p1g/po14/TIOCA2/IRQT
TPU_1, and TPU_O
/O pins, PPG oufput  P15/PO13/TIOCBL/TCLKC

pins, and interrupt P14/PO12/TIOCA1/IRQO
input pins
P13/PO11/TIOCDO/TCLKB
P12/PO10/TIOCCO/TCLKA
P11/PO9/TIOCBO
P10/POS/TIOCAQ

Port 3 General I/O port also P37
functioning as SCI_0 P36

I/O pins and interrupt
input pins P35/IRQ5

P34
P33
P32/SCKO/IRQ4
P31/RxD0
P30/TxDO

Port 4 General input port also  P47/AN7
functioning as A/D P46/ANG

converter analog
inputs P45/AN5

P44/AN4
P43/AN3
P42/AN2
P41/AN1
P40/ANO
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Port and Input/Output and
Port Description Other Functions Name Output Type
Port 7 General I/O port also P77
functioning as TMR_O, P76
TMR_1, TMR_2, and
TMR_3 I/O pins P75/TMO3
P74/TMO2
P73/TMO1
P72/TMOO0
P71/TMCI23/TMRI23
P70/TMCI01/TMRIO1
Port 9 General input port also  P97/AN15
functioning as A/D P96/AN14
converter analog
inputs P95/AN13
P94/AN12
P93/AN11
P92/AN10
P91/AN9
P90/AN8
Port A General I/O port also PA3/SCK2 Built-in input pull-up MOS
I;Jonct!onlng asSClL.2  papRrxD2 Push-pull or open-drain output
pins
PA1/TXD2 selectable
PAO
PortB  General I/O port also PB7/TIOCB5 Built-in input pull-up MOS
functioning as TPU_5,  pggiocAs Push-pull or open-drain output
TPU_4, and TPU_3 selectable
/O pins PB5/TIOCB4
PB4/TIOCA4
PB3/TIOCD3
PB2/TIOCC3
PB1/TIOCB3
PBO/TIOCA3
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Port and Input/Output and
Port Description Other Functions Name Output Type
Port C  General I/O port also PC7/SCS1 Built-in input pull-up MOS
functioning as SSU 0 pcgiggckl Push-pull or open-drain output
and SSU_1 I/O pins PC5/SSIL selectable
PC4/SSO1
PC3/SCS0
PC2/SSCKO
PC1/SSI0
PCO0/SSO0
Port D  General I/O port PD7 Built-in input pull-up MOS
PD6
PD5
PD4
PD3
PD2
PD1
PDO
Port F  General I/O port also PF7/¢
functioning as interrupt PF6
input pins, an A/D
converter start trigger ~ PFS
input pin, and a PF4

system clock output

pin (¢)

PF3/ADTRG/IRQ3
PF2

PF1

PFO/IRQ2
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9.1 Port 1

Port 1 isan 8-bit I/O port and has the following registers. For the addresses of these registers and
information on the register statesin different operating modes, see section 23, List of Registers.

e Port 1 datadirection register (PLDDR)

e Port 1 dataregister (PLDR)

e Port 1 register (PORT1)

911 Port 1 Data Direction Register (P1DDR)

P1DDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 1.

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

Bit  Bit Name Initial Value R/W Description

7 P17DDR 0 w When a pin is specified as a general purpose I/O

6 P16DDR 0 W port, setting these bits to 1 makes the corresponding
port 1 pin an output pin. Clearing these bits to 0

S P15DDR 0 w makes the pin an input pin.

4 P14DDR 0 W

3 P13DDR 0 W

2 P12DDR 0 W

1 P11DDR 0 W

0 P10DDR 0 W
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9.1.2 Port 1 Data Register (P1DR)

P1DR is an 8-bit readable/writable register that stores output data for port 1 pins.

Bit  Bit Name Initial Value R/W Description

7 P17DR 0 R/W Output data for a pin is stored when the pin is
6 P16DR 0 R/W specified as a general purpose I/O port.

5 P15DR 0 R/W

4 P14DR 0 R/W

3 P13DR 0 R/W

2 P12DR 0 R/W

1 P11DR 0 R/W

0 P10DR 0 R/W

9.1.3  Port 1Register (PORTY)

PORTL1 is an 8-hit read-only register that shows the pin states.

PORT1 cannot be modified.

Bit Bit Name Initial Value R/W Description

7 P17 Undefined” R If a port 1 read is performed while P1DDR bits are

6 P16 Undefined” R set to 1, the P1DR values are read. If a port 1 read is
- performed while P1DDR bits are cleared to 0, the pin

> P15 Undefined R states are read.

4 P14 Undefined® R

3 P13 Undefined® R

2 P12 Undefined® R

1 P11 Undefined® R

0 P10 Undefined® R

Note: * Determined by the states of pins P17 to P10.
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9.14

Pin Functions

Port 1 pins also function as TPU 1/O pins, PPG output pins, and interrupt input pins. The
correspondence between the register specification and the pin functions is shown below.

Table9.2 P17 Pin Function
TPU Channel 2
Setting” Output Input or Initial Value
P17DDR — 0 1 1
NDER15 — — 0 1
Pin function TIOCB2 output P17 input P17 output PO15 output
TIOCB2 input
TCLKD input
Note: * For details on the TPU channel specification, refer to section 10, 16-Bit Timer Pulse
Unit (TPU).
Table9.3 P16 Pin Function

TPU Channel 2

Setting” Output Input or Initial Value
P16DDR — 0 1 1
NDER14 — — 0 1
Pin function TIOCA2 output P16 input P16 output PO14 output
TIOCAZ2 input
IRQT input
Note: * For details on the TPU channel specification, refer to section 10, 16-Bit Timer Pulse

Unit (TPU).
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Table9.4 P15 Pin Function
TPU Channel 1
Setting” Output Input or Initial Value
P15DDR — 0 1 1
NDER13 — — 0 1
Pin function TIOCBL1 output P15 input P15 output PO13 output
TIOCBL1 input
TCLKC input
Note: * For details on the TPU channel specification, refer to section 10, 16-Bit Timer Pulse
Unit (TPU).
Table9.5 P14 Pin Function
TPU Channel 1
Setting* Output Input or Initial Value
P14DDR — 0 1 1
NDER12 — — 0 1
Pin function TIOCAL output P14 input P14 output PO12 output
TIOCAL input
TRQO input
Note: * For details on the TPU channel specification, refer to section 10, 16-Bit Timer Pulse
Unit (TPU).
Table9.6 P13 Pin Function

TPU Channel 0

Setting* Output Input or Initial Value
P13DDR — 0 1 1
NDER11 — — 0 1
Pin function TIOCDO output P13 input P13 output PO11 output
TIOCDO input
TCLKB input
Note: * For details on the TPU channel specification, refer to section 10, 16-Bit Timer Pulse

Unit (TPU).
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Table9.7 P12 Pin Function
TPU Channel 0
Setting” Output Input or Initial Value
P12DDR — 0 1 1
NDER10 — — 0 1
Pin function TIOCCO output P12 input P12 output PO10 output
TIOCCO input
TCLKA input
Note: * For details on the TPU channel specification, refer to section 10, 16-Bit Timer Pulse
Unit (TPU).
Table9.8 P11 Pin Function
TPU Channel 0
Setting® Output Input or Initial Value
P11DDR — 0 1 1
NDER9 — — 0 1
Pin function TIOCBO output P11 input P11 output PO9 output
TIOCBO input
Note: * For details on the TPU channel specification, refer to section 10, 16-Bit Timer Pulse
Unit (TPU).
Table9.9 P10 Pin Function

TPU Channel 0

Setting” Output Input or Initial Value

P10DDR — 0 1 1

NDERS8 — — 0 1

Pin function TIOCAO output P10 input P10 output PO8 output
TIOCAO input

Note: * For details on the TPU channel specification, refer to section 10, 16-Bit Timer Pulse

Unit (TPU).
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9.2 Port 3

Port 3 isan 8-bit I/O port and has the following registers. For the addresses of these registers and
information on the register statesin different operating modes, see section 23, List of Registers.

e Port 3 data direction register (P3DDR)

e Port 3 dataregister (P3DR)

e Port 3register (PORT3)

e Port 3 open-drain control register (P30ODR)

9.2.1 Port 3 Data Direction Register (P3DDR)

P3DDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 3.

Bit Bit Name Initial Value R/W Description

7 P37DDR 0 w When a pin is specified as a general purpose 1/0

6 P36DDR 0 W port, setting these bits to 1 makes the corresponding
port 3 pin an output pin. Clearing these bits to 0

5 P35DDR 0 w makes the pin an input pin.

4 P34DDR 0 W

3 P33DDR 0 W

2 P32DDR 0 W

1 P31DDR 0 W

0 P30DDR 0 W
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9.2.2 Port 3 Data Register (P3DR)
P3DR is an 8-bit readable/writable register that stores output data for port 3 pins.

Bit  Bit Name Initial Value R/W Description

7 P37DR 0 R/W Output data for a pin is stored when the pin is
6 P36DR 0 R/W specified as a general 1/O port.

5 P35DR 0 R/W

4 P34DR 0 R/W

3 P33DR 0 R/W

2 P32DR 0 R/W

1 P31DR 0 R/W

0 P30DR 0 R/W

923  Port 3Register (PORT?3)

PORT3 is an 8-hit read-only register that shows the pin states.

Bit Bit Name Initial Value R/W Description

7 P37 Undefined” R If a port 3 read is performed while P3DDR bits are

6 P36 Undefined” R setto 1, the P?DR values are read. If a port 3 read js
- performed while P3DDR bits are cleared to 0, the pin

> P35 Undefined R states are read.

4 P34 Undefined® R

3 P33 Undefined” R

2 P32 Undefined® R

1 P31 Undefined® R

0 P30 Undefined” R

Note: * Determined by the states of pins P37 to P30.
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9.24

Port 3 Open-Drain Control Register (P3ODR)

P30DR is an 8-hit readable/writable register that specifies the output type of port 3.

Bit  Bit Name Initial Value R/W Description

7 P370DR 0 R/W When a pin is specified as an output port, setting the

6 P360DR 0 R/W corresponding bits to 1 specifies pin output to open-
drain and the input pull-up MOS to the off state.

S P350DR 0 RIW Clearing these bits to 0 specifies that to push-pull

4 P340DR 0 R/W output.

3 P330DR 0 R/W

2 P320DR 0 R/W

1 P310DR 0 R/W

0 P300DR 0 R/W

9.25 Pin Functions

Port 3 pins also function as SCI_0 /O pins and interrupt input pins. The correspondence between
the register specification and the pin functions is shown below.

Table9.10 P37 Pin Function

P37DDR 0 1

Pin function P37 input P37 output
Table9.11 P36 Pin Function

P36DDR 0 1

Pin function P36 input P36 output
Table9.12 P35 Pin Function

P35DDR 0 1

Pin function P35 input P35 output

IRQ5 input”®
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Table9.13 P34 Pin Function

P34DDR 0 1

Pin function P34 input P34 output
Table9.14 P33 Pin Function

P33DDR 0 1

Pin function P33 input P33 output
Table9.15 P32 Pin Function

CKE1in SCR_O 1
C/Ain SMR_0 0 1 —
CKEO in SCR_0 0 1 — —
P32DDR 0 1 — — —
Pin function P32 input P32 output | SCKO output | SCKO output | SCKO input

IRQ4 input”

Table9.16 P31 Pin Function

RE in SCR_0 0 1
P31DDR 0 1 —

Pin function P31 input P31 output RxDO output
Table9.17 P30 Pin Function

TE in SCR_0 0 1
P30DDR 0 1 —

Pin function P30 input P30 output TxDO output
Note: * When used as an external interrupt input pin, do not use as an I/O pin for another

function.
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9.3 Port 4

Port 4 isan input-only port. Port 4 pins also function as A/D converter analog input pins. Port 4
has the following register. For the address of this register and information on the register statesin
different operating modes, see section 23, List of Registers.

e Port 4 register (PORT4)

931  Port 4 Register (PORT4)

PORT4 is an 8-hit read-only register that shows port 4 pin states. For the address of this register
and information on the register states in different operating modes, see section 23, List of
Registers.

Bit Bit Name Initial Value R/W Description

7 P47 Undefined” R The pin states are always read when a port 4 read is
6 P46 Undefined” R performed.

5 P45 Undefined* R

4 P44 Undefined® R

3 P43 Undefined” R

2 P42 Undefined” R

1 P41 Undefined® R

0 P40 Undefined” R

Note: * Determined by the states of pins P47 to P40.

94 Port 7

Port 7 is an 8-bit 1/0 port and has the following registers. For the addresses of these registers and
information on the register statesin different operating modes, see section 23, List of Registers.

e Port 7 data direction register (P7DDR)
e Port 7 dataregister (P7DR)
e Port 7 register (PORT7)
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94.1 Port 7 Data Direction Register (P7DDR)

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.

Bit  Bit Name Initial Value R/W Description

7 P77DDR 0 w When a pin is specified as a general purpose /O

6 P76DDR 0 W port, setting these bits to 1 makes the corresponding
port 7 pin an output pin. Clearing these bits to 0

> P75DDR 0 W makes the pin an input pin.

4 P74DDR 0 W

3 P73DDR 0 W

2 P72DDR 0 W

1 P71DDR 0 W

0 P70DDR 0 W

9.4.2 Port 7 Data Register (P7DR)

P7DR is an 8-bit readable/writable register that stores output data for port 7 pins.

Bit  Bit Name Initial Value R/W Description

7 P77DR 0 R/W Output data for a pin is stored when the pin is
6 P76DR 0 R/W specified as a general purpose I/O port.

5 P75DR 0 R/W

4 P74DR 0 R/W

3 P73DR 0 R/W

2 P72DR 0 R/W

1 P71DR 0 R/W

0 P70DR 0 R/W
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9.4.3 Port 7 Register (PORT?7)
PORT7 is an 8-hit read-only register that shows the pin states.

PORT7 cannot be modified.

Bit Bit Name Initial Value R/W Description

7 P77 Undefined” R If a port 7 read is performed while P7DDR bits are

6 P76 Undefined” R set to 1, the P7DR values are read. If a port 7 read is
- performed while P7DDR bits are cleared to 0, the pin

5 P75 Undefined R states are read.

4 P74 Undefined® R

3 P73 Undefined® R

2 P72 Undefined® R

1 P71 Undefined® R

0 P70 Undefined® R

Note: * Determined by the states of pins P77 to P70.

9.4.4 Pin Functions

Port 7 pinsalso functionas TMR_3, TMR 2, TMR _1, and TMR_0 I/O pins. The correspondence
between the register specification and the pin functionsis shown below.

Table9.18 P77 Pin Function

P77DDR 0 1

Pin function P77 input P77 output

Table9.19 P76 Pin Function

P76DDR 0 1

Pin function P76 input P76 output

Table9.20 P75 Pin Function

0S3t0 0OS0in TCSR_3 All O Any of 1
P75DDR 0 1 —
Pin function P75 input P75 output TMO3 output
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Table9.21 P74 Pin Function

OS3to OS0in TCSR_2

All0

Any of 1

P74DDR

0

1

Pin function

P74 input

P74 output

TMO2 output

Table9.22 P73 Pin Function

0S3 to 0S0 in TCSR_1

All O

Any of 1

P73DDR

0

1

Pin function

P73 input

P73 output

TMO1 output

Table9.23 P72 Pin Function

0S3 to 0S0 in TCSR_0

All O

Any of 1

P72DDR

0

1

Pin function

P72 input

P72 output

TMOO output

Table9.24 P71 Pin Function

P71DDR

0

1

Pin function

P71 input

P71 output

TMCI23 input/TMRI23 input

Table9.25 P70 Pin Function

P70DDR

0

1

Pin function

P70 input

P70 output

TMCIO1 input/TMRIO1 input
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95 Port 9

Port 9 isan input-only port. Port 9 pins also function as A/D converter analog input pins. Port 9
has the following register. For the address of this register and information on the register statesin
different operating modes, see section 23, List of Registers.

e Port 9 register (PORT9)

95.1 Port 9 Register (PORT9)
PORTY is an 8-hit read-only register that shows port 9 pin states.

PORT9 cannot be modified.

Bit  Bit Name Initial Value R/W Description

7 P97 Undefined” R The pin states are always read when a port 9 read is
6  P9% Undefined® R performed.

5 P95 Undefined® R

4 P94 Undefined® R

3 P93 Undefined® R

2 P92 Undefined® R

1 P91 Undefined® R

0 P90 Undefined® R

Note: * Determined by the states of pins P97 to P90.
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9.6 Port A

Port A isa4-bit I/O port that also has other functions. Port A has the following registers. For the
addresses of these registers and information on the register statesin different operating modes, see
section 23, List of Registers.

e Port A data direction register (PADDR)

e Port A dataregister (PADR)

e Port A register (PORTA)

e Port A pull-up MOS control register (PAPCR)
e Port A open-drain control register (PAODR)

9.6.1 Port A Data Direction Register (PADDR)

PADDR isan 8-bit write-only register, the individual bits of which specify whether the pins of
port A are used for input or output.

Bit  Bit Name Initial Value R/W Description

7t0 — Undefined — Reserved

4 These bits are read as undefined value and cannot

be modified.

3 PA3DDR 0 W When a pin is specified as a general purpose I/0

2 PA2DDR 0 W port, setting these bits to 1 makes the corresponding
port A pin an output pin. Clearing these bits to 0

1 PA1DDR 0 W makes the pin an input pin.

0 PAODDR 0 w
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9.6.2

Port A Data Register (PADR)

PADR is an 8-hit readable/writable register that stores output data for port A pins.

Bit  Bit Name Initial Value R/W Description

7t0 — Undefined — Reserved

4 These bits are read as an undefined value and
cannot be modified.

3 PA3DR 0 R/W Output data for a pin is stored when the pin is

2 PA2DR 0 R/W specified as a general purpose 1/O port.

1 PA1DR 0 R/W

0 PAODR 0 R/W

9.6.3 Port A Register (PORTA)

PORTA isan 8-bit read-only register that shows port A pin states.

Bit Bit Name Initial Value R/W Description

7t0 — Undefined — Reserved

4 These bits are read as an undefined value.

3 PA3 0 R If a port A read is performed while PADDR bits are

2 PA2 0 R set to 1, the PADR values are read. If a port A read is
performed while PADDR bits are cleared to 0, the pin

1 PAL 0 R states are read.

0 PAO 0 R

Note: * Determined by the states of pins PA3 to PAO.
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9.6.4 Port A Pull-Up MOS Control Register (PAPCR)

PAPCR is an 8-hit register that controls the input pull-up MOS function.

Bit  Bit Name Initial Value R/W Description

7t0 — Undefined — Reserved

4 These bits are read as an undefined value and
cannot be modified.

3 PA3PCR 0 R/W When a pin is specified as an input port, setting the

2 PA2PCR 0 RIW corresponding bit to 1 turns on the input pull-up MOS
for that pin.

1 PA1PCR 0 R/W

0 PAOPCR 0 R/W

9.6.5 Port A Open-Drain Control Register (PAODR)

PAODR is an 8-hit readable/writable register that specifies the output type of port A.

Bit Bit Name Initial Value R/W Description

7t0 — Undefined — Reserved

4 These bits are read as an undefined value and
cannot be modified.

3 PA3ODR 0 R/W When a pin is specified as an output port, setting the

2 PA20DR 0 RIW corresponding bits to 1 specifies pin output to open-
drain and the input pull-up MOS to the off state.

1 PA1ODR 0 RIW Clearing these bits to 0 specifies that to push-pull

0 PAOODR 0 R/W  output.
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9.6.6 Pin Functions

Port A pinsalso function as SCI_2 1/0O pins. The correspondence between the register

specification and the pin functionsis shown below.

Table9.26 PA3 Pin Function

CKE1 in SCR_2 0

1

C/Ain SMR_2 0

1 N

CKEO in SCR_2 0 1

PA3DDR 0 1 —

Pin function PAS3 input PA3 output | SCK2 output

SCK2 output

Table9.27 PA2 Pin Function

RE in SCR_2 0

1

PA2DDR 0 1

Pin function PA2 input PA2 output

RxD2 input

Table9.28 PA1 Pin Function

TE in SCR_2 0

1

PA1DDR 0 1

Pin function PAL input PA1 output

TxD2 output

Table9.29 PAO Pin Function

PAODDR 0

1

Pin function PAOQ input

PAO output
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9.7 Port B

Port B is an 8-hit /O port that also has other functions. Port B has the following registers. For the
addresses of these registers and information on the register statesin different operating modes, see
section 23, List of Registers.

e Port B datadirection register (PBDDR)

e Port B dataregister (PBDR)

e Port B register (PORTB)

e Port B pull-up MOS control register (PBPCR)
e Port B open-drain control register (PBODR)

9.7.1 Port B Data Direction Register (PBDDR)

PBDDR is an 8-hit write-only register, the individual bits of which specify whether the pins of
port B are used for input or output.

Bit  Bit Name Initial Value R/W Description

7 PB7DDR 0 w When a pin is specified as a general purpose I/O

6 PB6DDR 0 W port, setting these bits to 1 makes the corresponding
port 1 pin an output pin. Clearing these bits to 0

5 PBSDDR 0 W makes the pin an input pin.

4 PB4DDR 0 w

3 PB3DDR 0 w

2 PB2DDR 0 w

1 PB1DDR 0 w

0 PBODDR 0 w
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9.7.2 Port B Data Register (PBDR)

PBDR is an 8-hit readable/writable register that stores output data for the port B pins.

Bit  Bit Name Initial Value R/W Description

7 PB7DR 0 R/W Output data for a pin is stored when the pin is
6 PB6DR 0 R/W specified as a general purpose I/O port.

5 PB5DR 0 R/W

4 PB4DR 0 R/W

3 PB3DR 0 R/W

2 PB2DR 0 R/W

1 PB1DR 0 R/W

0 PBODR 0 R/W

9.7.3  Port B Register (PORTB)

PORTB is an 8-hit read-only register that shows port B pin states.

Bit Bit Name Initial Value R/W Description

7 PB7 0 R If a port B read is performed while PBDDR bits are

6 PB6 0 R set to 1, the PBDR values are read. If a port B read is
performed while PBDDR bits are cleared to 0, the pin

S PBS 0 R states are read.

4 PB4 0 R

3 PB3 0 R

2 PB2 0 R

1 PB1 0 R

0 PBO 0 R

Note: * Determined by the states of pins PB7 to PBO.
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9.74 Port B Pull-Up MOS Control Register (PBPCR)

PBPCR is an 8-hit readable/writable register that controls the on/off state of input pull-up MOS of
port B.

Bit  Bit Name Initial Value R/W Description

7 PB7PCR 0 R/W When a pin is specified as an input port, setting the

6 PB6PCR 0 R/W corresponding bits to 1 turns on the input pull-up
MOS for that pin.

5 PB5PCR 0 R/W

4 PB4PCR 0 R/W

3 PB3PCR 0 R/W

2 PB2PCR 0 R/W

1 PB1PCR 0 R/W

0 PBOPCR 0 R/W

9.75 Port B Open-Drain Control Register (PBODR)
PBODR is an 8-hit readable/writable register that specifies the output type of port B.

Bit  Bit Name Initial Value R/W Description

7 PB70DR 0 R/W When a pin function is specified as an output port,

6 PB6ODR 0 RIW setting the corresp(_)nding bits_to 1 specifies pin
output as open-drain and the input pull-up MOS to

S PBSODR 0 RIW the off state. Clearing these bits to 0 specifies push-

4 PB40ODR 0 R/W pull output.

3 PB3ODR 0 R/W

2 PB20ODR 0 R/W

1 PB1ODR 0 R/W

0 PBOODR 0 R/W
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9.7.6 Pin Functions

Port B pins also function as TPU 1/0 pins. The correspondence between the register specification
and the pin functionsis shown below.

Table9.30 PB7 Pin Function

TPU channel 5 setting” Output Input or Initial Value
PB7DDR — 0 1
Pin function TIOCBS output PB7 input PB7 output
TIOCBS input
Note: * For details on the TPU channel specification, refer to section 10, 16-Bit Timer Pulse
Unit (TPU).

Table9.31 PB6 Pin Function

TPU channel 5 setting” Output Input or Initial Value
PB6DDR — 0 1
Pin function TIOCAS output PB6 input PB6 output
TIOCAS input
Note: * For details on the TPU channel specification, refer to section 10, 16-Bit Timer Pulse
Unit (TPU).

Table9.32 PB5 Pin Function

TPU channel 4 setting” Output Input or Initial Value
PB5DDR — 0 1
Pin function TIOCB4 output PB5 input PB5 output
TIOCB4 input
Note: * For details on the TPU channel specification, refer to section 10, 16-Bit Timer Pulse
Unit (TPU).
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Table9.33 PB4 Pin Function

TPU channel 4 setting” Output Input or Initial Value
PB4DDR — 0 1
Pin function TIOCA4 output PB4 input PB4 output
TIOCA4 input
Note: * For details on the TPU channel specification, refer to section 10, 16-Bit Timer Pulse
Unit (TPU).

Table9.34 PB3 Pin Function

TPU channel 3 setting” Output Input or Initial Value
PB3DDR — 0 1
Pin function TIOCD3 output PB3 input PB3 output
TIOCD3 input
Note: * For details on the TPU channel specification, refer to section 10, 16-Bit Timer Pulse
Unit (TPU).

Table9.35 PB2 Pin Function

TPU channel 3 setting” Output Input or Initial Value
PB2DDR — 0 1
Pin function TIOCC3 output PB2 input PB2 output
TIOCC3 input
Note: * For details on the TPU channel specification, refer to section 10, 16-Bit Timer Pulse
Unit (TPU).

Table9.36 PB1 Pin Function

TPU channel 3 setting” Output Input or Initial Value
PB1DDR — 0 1
Pin function TIOCB3 output PB1 input PB1 output
TIOCB3 input
Note: * For details on the TPU channel specification, refer to section 10, 16-Bit Timer Pulse
Unit (TPU).
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Table9.37 PBO Pin Function

TPU channel 3 setting” Output Input or Initial Value
PBODDR — 0 1
Pin function TIOCA3 output PBO input PBO output
TIOCA3 input
Note: * For details on the TPU channel specification, refer to section 10, 16-Bit Timer Pulse
Unit (TPU).
9.8 Port C

Port C isan 8-bit I/O port that also has other functions. Port C has the following registers. For the
addresses of these registers and information on the register statesin different operating modes, see
section 23, List of Registers.

e Port C data direction register (PCDDR)

e Port C dataregister (PCDR)

e Port Cregister (PORTC)

e Port C pull-up MOS control register (PCPCR)
e Port C open-drain control register (PCODR)

9.8.1 Port C Data Direction Register (PCDDR)

PCDDR is an 8-bit write-only register, the individual bits of which specify whether the pins of
port C are used for input or output.

Bit Bit Name Initial Value R/W Description

7 PC7DDR 0 w When a pin is specified as a general purpose 1/0

6 PC6DDR 0 W port, setting these bits to 1 makes the corresponding
port 1 pin an output pin. Clearing these bits to 0

S PCSDDR 0 w makes the pin an input pin.

4 PC4DDR 0 \W

3 PC3DDR 0 \W

2 PC2DDR 0 W

1 PC1DDR 0 W

0 PCODDR 0 \W
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9.8.2 Port C Data Register (PCDR)
PCDR is an 8-hit readable/writable register that stores output data for the port C pins.

Bit  Bit Name Initial Value R/W Description

7 PC7DR 0 R/W Output data for a pin is stored when the pin is
6 PC6DR 0 R/W specified as a general purpose I/O port.

5 PC5DR 0 R/W

4 PC4DR 0 R/W

3 PC3DR 0 R/W

2 PC2DR 0 R/W

1 PC1DR 0 R/W

0 PCODR 0 R/W

9.8.3 Port C Register (PORTC)

PORTC is an 8-hit read-only register that shows port C pin states.

Bit  Bit Name Initial Value R/W Description

7 PC7 0 R If a port C read is performed while PCDDR bits are

6 PC6 0 R set to 1, the PCDR values are read. If a port C read
is performed while PCDDR bits are cleared to 0, the

S PC5 0 R pin states are read.

4 PC4 0 R

3 PC3 0 R

2 PC2 0 R

1 PC1 0 R

0 PCO 0 R

Note: * Determined by the states of pins PC7 to PCO.

Rev. 4.00 Mar. 16, 2010 Page 155 of 606
REJ09B0155-0400
RENESAS



Section 9 1/O Ports

9.84 Port C Pull-Up MOS Control Register (PCPCR)

PCPCR is an 8-hit readable/writable register that controls the on/off state of input pull-up MOS of

port C.

Bit  Bit Name Initial Value R/W Description

7 PC7PCR 0 R/W When a pin is specified as an input port, setting the

6 PC6PCR 0 R/W corresponding bit to 1 turns on the input pull-up MOS
for that pin.

5 PC5PCR 0 R/W

4 PC4PCR 0 R/W

3 PC3PCR 0 R/W

2 PC2PCR 0 R/W

1 PC1PCR 0 R/W

0 PCOPCR 0 R/W

9.85 Port C Open-Drain Control Register (PCODR)

PCODR is an 8-bit readable/writable register that specifies an output type of port C.

Bit  Bit Name Initial Value R/W Description

7 PC70DR 0 R/W When a pin is specified as an output port, setting the

6 PCG60ODR 0 R/W corresponding bits to 1 specifies pin output as open-
drain and the input pull-up MOS to the off state.

> PC50DR 0 RIW " Clearing these bits to 0 specifies push-pull output.

4 PC40ODR 0 R/W

3 PC30DR 0 R/W

2 PC20DR 0 R/W

1 PC10ODR 0 R/W

0 PCOODR 0 R/W
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9.8.6

Pin Functions

Port C pinsalso function as SSU_1 and SSU_0 I/O pins. The correspondence between the register
specification and the pin functionsis shown below.

Table9.38 PC7 Pin Function

CSs1 0

CSS0 0 1 0 1
PC7DDR 0 1 — — —

Pin function PC7 input PC7 output SCSH input SCST1 SCS1 output

input/output
auto switch

Table9.39 PC6 Pin Function

MSS 0

SCKS 0 1 1 0
PC6DDR 0 1 — — —

Pin function PC6 input PC6 output SSCK1 input | SSCK1 output Setting

prohibited

Table9.40 PC5 Pin Function

MSS 0 1

BIDE 0 | 1 0 1

RE — 0 | 1 —

TE 0 1 — — —
PC5DDR 0 1 — 0 | 1 0 ‘ 1 | — 0 1
SCS1 input — 0 1 —

Pin function| PC5 PC5 SSI1 SSI1 PC5 PC5 PC5 PC5 SSI1 PC5 PC5

input | output | output | Hi-Z input | output | input | output | input | input | output
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Table9.41 PC4 Pin Function

MSS

BIDE

RE

TE

PC4DDR

SCS1 input

Pin
function

PC4
input

PC4
output

SSo1
input

PC4
input

output

PC4 |SSO1

output

PC4
input

PC4
output

SSO1

Setting
pro-
hibited

input

SSO1
output

SSO1
Hi-z

SSO1
output

Table9.42 PC3 Pin Function

Cssi

CSS0

1

0

1

PC3DDR

0

1 JR—

Pin function

PC3 input

PC3 output

SCSO0 input

SCSO0
input/output
auto switch

SCSO0 output

Table9.43 PC2 Pin Function

MSS

SCKS

1

1

0

PC2DDR

0

1 JR—

Pin function

PC2 input

PC2 output

SSCKO input

SSCKO output

Setting
prohibited
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Table9.44 PC1 Pin Function

MSS 0 1

BIDE 0 | 1 0 1

RE — 0 I —

TE 0 1 — — —

PC1DDR 0 1 — o | 1 o | 1 | — 0 1

SCSO0 input — 0 1 —

Pin function| PC1 PC1 SSI0 SSI0 PC1 PC1 PC1 PC1 SSI0 PC1 PC1
input | output | output | Hi-Z input | output | input | output | input | input | output

Table9.45 PCO Pin Function

MSS 0 | 1 — ‘ 0 1

BIDE 0 1

RE | 1 — 1 0

TE — 1 0 0 | 1 1

PCODDR o 1] —]o 1 | — 1 o 1 —

SCSO0 input — 0 1 —

Pin function | PCO | PCO [SSO0| PCO | PCO |SSOO0| PCO | PCO |SSOQO [Setting| SSO0 | SSO0 | SSO0
input |output| input | input |output|output| input |output| input | pro- |output| Hi-Z |output

hibited
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9.9 Port D
Port D isan 8-bit I/O port that also functions as the realtime input port pins.

The realtime input port stores the pin states of port D in PDRTIDR using the IRQ3 pin as the
trigger input. Thefalling, rising, or both edges of the IRQ3 pin can be used as a trigger timing.

Port D has the following registers. For the addresses of these registers and information on the
register statesin different operating modes, see section 23, List of Registers.

e Port D data direction register (PDDDR)

e Port D dataregister (PDDR)

e Port D register (PORTD)

e Port D pull-up MOS control register (PDPCR)
e Port D realtime input dataregister (PDRTIDR)

9.9.1 Port D Data Direction Register (PDDDR)

PDDDR isan 8-bit write-only register, the individual bits of which specify whether the pins of
port D are used for input or output.

Bit  Bit Name Initial Value R/W Description

7 PD7DDR 0 w When a pin is specified as a general purpose I/O

6 PD6DDR 0 W port, setting these bits to 1 makes the corresponding
port 1 pin an output pin. Clearing these bits to 0

S PDSDDR 0 w makes the pin an input pin.

4 PD4DDR 0 \W

3 PD3DDR 0 W

2 PD2DDR 0 W

1 PD1DDR 0 W

0 PDODDR 0 W
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9.9.2 Port D Data Register (PDDR)
PDDR is an 8-hit readable/writable register that stores output data for the port D pins.

Bit  Bit Name Initial Value R/W Description

7 PD7DR 0 R/W Output data for a pin is stored when the pin is
6 PD6DR 0 R/W specified as a general purpose I/O port.

5 PD5DR 0 R/W

4 PD4DR 0 R/W

3 PD3DR 0 R/W

2 PD2DR 0 R/W

1 PD1DR 0 R/W

0 PDODR 0 R/W

9.9.3 Port D Register (PORTD)

PORTD isan 8-bit read-only register that shows port D pin states.

Bit  Bit Name Initial Value R/W Description

7 PD7 Undefined” R If a port D read is performed while PDDDR bits are

6 PD6 Undefined® R §et to 1, the PDpR values arg read. If a port D read
- is performed while PDDDR bits are cleared to 0, the

> PD5 Undefined R pin states are read.

4 PD4 Undefined® R

3 PD3 Undefined® R

2 PD2 Undefined® R

1 PD1 Undefined® R

0 PDO Undefined® R

Note: * Determined by the states of pins PD7 to PDO.
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9.94 Port D Pull-Up MOS Control Register (PDPCR)

PDPCR is an 8-hit readable/writable register that controls on/off states of the input pull-up MOS
of port D.

Bit  Bit Name Initial Value R/W Description

7 PD7PCR 0 R/W When the pinis in its input state, the input pull-up
6 PD6PCR 0 RIW MOS of the input pin is on when the corresponding
c PDEPCR 0 RIW bits are set to 1.

4 PD4PCR 0 R/W

3 PD3PCR 0 R/W

2 PD2PCR 0 R/W

1 PD1PCR 0 R/W

0 PDOPCR 0 R/W

9.95 Port D RealTime I nput Data Register (PDRTIDR)

The realtime input port stores the pin states of port D in PDRTIDR using the IRQ3 pin as the
trigger input. The falling, rising, or both edges of the IRQ3 pin can be specified as a trigger timing
by bits 7 and 6 in the IRQ sense control register L (ISCRL). For details of this setting, see section
5.3.3, IRQ Sense Control RegistersH and L (ISCRH, ISCRL).

Bit Bit Name Initial Value R/W Description

7 PDRTIDRY 0 R/W Stores pin states using the IRQ3 pin as a trigger
6  PDRTIDR6 0 Riw nput.

5 PDRTIDRS 0 R/W

4 PDRTIDR4 0 R/W

3 PDRTIDR3 0 R/W

2 PDRTIDR2 0 R/W

1 PDRTIDR1 0 R/W

0 PDRTIDRO 0 R/W
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9.10 PortF

Port Fisan 8-hit 1/0O port that also has other functions. Port F has the following registers. For the
addresses of these registers and information on the register statesin different operating modes, see
section 23, List of Registers.

e Port F datadirection register (PFDDR)

e Port F dataregister (PFDR)

e Port F register (PORTF)

9.10.1 Port F Data Direction Register (PFDDR)

PFDDR is an 8-hit write-only register, the individual bits of which specify whether the pins of port
F are used for input or output.

Bit  Bit Name Initial Value R/W Description

7 PF7DDR 0 W When a pin is specified as a general purpose 1/0
port, setting this bit to 1 makes the PF7 pin a ¢ output
pin. Clearing this bit to 0 makes the pin an input pin.

6 PF6DDR 0 w When a pin is specified as a general purpose 1/0

5 PE5DDR 0 W port, setting these bits to 1 makes the corresponding
port F pin an output pin. Clearing these bits to 0

4 PFADDR 0 W makes the pin an input pin.

3 PF3DDR 0 w

2 PF2DDR 0 w

1 PF1DDR 0 w

0 PFODDR 0 w
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9.10.2 Port F Data Register (PFDR)

PFDR is an 8-hit readable/writable register that stores output data for the port F pins.

Bit  Bit Name Initial Value R/W Description
7 — 0 R/W Reserved
The write value should always be 0.
6 PF6DR 0 R/W Output data for a pin is stored when the pin is
5 PF5DR 0 R/W specified as a general purpose I/O port.
4 PFADR 0 R/W
3 PF3DR 0 R/W
2 PF2DR 0 R/W
1 PF1DR 0 R/W
0 PFODR 0 R/W

9.10.3 Port F Register (PORTF)

PORTF is an 8-bit read-only register that shows port F pin states.

PORTF cannot be modified.

Bit  Bit Name Initial Value R/W Description

7 PF7 Undefined” R If a port F read is performed while PFDDR bits are
o setto 1, the PFDR values are read. If a port F read is

6 PF6 Undefined R h ¢ A
. performed while PFDDR bits are cleared to 0, the pin

5 PF5 Undefined R states are read.

4 PF4 Undefined® R

3 PF3 Undefined® R

2 PF2 Undefined® R

1 PF1 Undefined® R

0 PFO Undefined® R

Note: * Determined by the states of pins PF7 to PFO.
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9.104 Pin Functions

Port Fisan 8-hit 1/0O port. Port F pins also function as external interrupt input, IRQ3 and IRQ2,
A/D trigger input (ADTRG), and system clock output (¢).

Table9.46 PF7 Pin Function

PF7DDR 0 1
Pin function PF7 input ¢ output

Table9.47 PF6 Pin Function

PF6DDR 0 1

Pin function PF6 input PF6 output

Table9.48 PF5 Pin Function

PF5DDR 0 1

Pin function PF5 input PF5 output

Table9.49 PF4 Pin Function

PF4DDR 0 1

Pin function PF4 input PF4 output

Table9.50 PF3 Pin Function

PF3DDR 0 1

Pin function PF3 input PF3 output
ADTRG input™*

IRQ3 input™

Notes: 1. ADTRG input when TRGSO = TRGS1 = 1.

2. When used as an external interrupt input pin, do not use as an I/O pin for another
function. This pin also functions as the trigger input for the realtime input port.
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Table9.51 PF2 Pin Function

PF2DDR 0 1

Pin function PF2 input PF2 output

Table9.52 PF1 Pin Function

PF1DDR 0 1

Pin function PF1 input PF1 output

Table9.53 PFO Pin Function

PFODDR 0 1
Pin function PFO input PFO output
IRQ2 input”
Note: * When used as an external interrupt input pin, do not use as an |1/O pin for another
function.
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Section 10 16-Bit Timer Pulse Unit (TPU)

ThisLSI has an on-chip 16-bit timer pulse unit (TPU) comprised of six 16-bit timer channels.

The function list of the 16-bit timer unit and its block diagram are shown in table 10.1 and figure
10.1, respectively.

10.1 Features

e Maximum 16-pulse input/output
e Selection of 8 counter input clocks for each channel
e Thefollowing operations can be set for each channel:
— Waveform output at compare match
— Input capture function
— Counter clear operation
— Synchronous operation:
Multiple timer counters (TCNT) can be written to simultaneously
Simultaneous clearing by compare match and input capture is possible
Register simultaneous input/output is possible by synchronous counter operation
— A maximum 15-phase PWM output is possible in combination with synchronous operation
e Buffer operation settable for channels 0 and 3
e Phase counting mode settable independently for each of channels 1, 2, 4, and 5
e Cascaded operation
e Fast accessviainternal 16-bit bus
e 26 interrupt sources
e Automatic transfer of register data
e Programmable pulse generator (PPG) output trigger can be generated
e A/D converter conversion start trigger can be generated
e Module stop mode can be set
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Table10.1 TPU Functions

Iltem Channel 0 Channel 1 Channel 2 Channel 3 Channel 4 Channel 5
Count clock ¢/1 ¢/1 /1 ¢/1 ¢/1 /1
o4 o4 o4 o4 o4 o4
»/16 »/16 $/16 »/16 »/16 $/16
»/64 »/64 /64 »/64 »/64 /64
TCLKA /256 $/1024 /256 /1024 $/256

TCLKB TCLKA TCLKA $/1024 TCLKA TCLKA
TCLKC TCLKB TCLKB $/4096 TCLKC TCLKC

TCLKD TCLKC TCLKA TCLKD
General registers TGRA_ 0O TGRA_1 TGRA 2 TGRA 3 TGRA 4 TGRA 5
(TGR) TGRB.O TGRB_.1 TGRB 2 TGRB 3 TGRB 4 TGRB._5
General registers/ TGRC_0 — — TGRC_3 — —
buffer registers TGRD_O TGRD_3
I/O pins TIOCAO TIOCA1 TIOCA2 TIOCA3 TIOCA4 TIOCAS
TIOCBO TIOCB1 TIOCB2 TIOCB3 TIOCB4 TIOCB5
TIOCCO TIOCC3
TIOCDO TIOCD3
Counter clear TGR TGR TGR TGR TGR TGR
function compare compare compare compare compare compare
match or matchor matchor matchor matchor match or
input input input input input input
capture capture capture capture capture capture
Compare 0 output O O O O O O
match 1 output O O O O O O
output
P Togge O o o o o o
output
Input capture O O O O O O
function
Synchronous O O O O O O
operation
PWM mode O O O O O O
Phase counting — O O — O O
mode
Buffer operation O — — O — —
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Item Channel 0 Channell  Channel 2 Channel 3 Channel 4 Channel 5
DTC TGR TGR TGR TGR TGR TGR
activation compare compare compare compare compare compare
match or match or match or match or match or match or
input capture input capture input capture input capture input capture input capture
A/D TGRA_O TGRA_1 TGRA_2 TGRA_3 TGRA_4 TGRA_5
converter compare compare compare compare compare compare
trigger match or match or match or match or match or match or
input capture input capture input capture input capture input capture input capture
PPG TGRA_0/ TGRA_1/ TGRA_2/ TGRA_3/ — —
trigger TGRB_0 TGRB_1 TGRB_2 TGRB_3
compare compare compare compare
match or match or match or match or
input capture input capture input capture input capture
Interrupt 5 sources 4 sources 4 sources 5 sources 4 sources 4 sources
sources -, Compare e« Compare e« Compare <« Compare <« Compare < Compare
match or match or match or match or match or match or
input capture input capture input input input input
OA 1A capture 2A  capture 3A  capture 4A  capture 5A
« Compare «Compare e« Compare <« Compare <« Compare < Compare
match or match or match or match or match or match or
input input input input input input
capture 0B  capture 1B capture 2B capture 3B capture 4B capture 5B
e Compare Overflow * Overflow * Compare e« Overflow « Overflow
match or * Underflow « Underflow match OF < Underflow + Underflow
input input
capture 0C capture 3C
e Compare * Compare
match or match or
input input capture
capture 0D 3D
¢ Overflow e Overflow
Legend:
QO: Possible
—: Not possible
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Legend:
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)

Figure10.1 Block Diagram of TPU
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10.2  Input/Output Pins

Table10.2 TPU Pins

Channel Symbol 1/O0 Function

All TCLKA  Input External clock A input pin
(Channel 1 and 5 phase counting mode A phase input)

TCLKB Input  External clock B input pin
(Channel 1 and 5 phase counting mode B phase input)

TCLKC  Input External clock C input pin
(Channel 2 and 4 phase counting mode A phase input)

TCLKD  Input External clock D input pin
(Channel 2 and 4 phase counting mode B phase input)

0 TIOCAO /O TGRA_O input capture input/output compare output/PWM output pin

TIOCBO 1/O TGRB_0 input capture input/output compare output/PWM output pin

TIOCCO /O TGRC_0 input capture input/output compare output/PWM output pin

TIOCDO 1/O TGRD_0 input capture input/output compare output/PWM output pin

1 TIOCA1 I/O TGRA_1 input capture input/output compare output/PWM output pin

TIOCB1 1/O TGRB_1 input capture input/output compare output/PWM output pin

2 TIOCA2 1/O TGRA_2 input capture input/output compare output/PWM output pin

TIOCB2 /O TGRB_2 input capture input/output compare output/PWM output pin

3 TIOCA3 1/O TGRA_3 input capture input/output compare output/PWM output pin

TIOCB3 /O TGRB_3 input capture input/output compare output/PWM output pin

TIOCC3 1/0 TGRC_3 input capture input/output compare output/PWM output pin

TIOCD3 /O TGRD_3 input capture input/output compare output/PWM output pin

4 TIOCA4 1/O TGRA_4 input capture input/output compare output/PWM output pin

TIOCB4 1/O TGRB_4 input capture input/output compare output/PWM output pin

5 TIOCAS I/O TGRA_5 input capture input/output compare output/PWM output pin

TIOCB5 1/O TGRB_5 input capture input/output compare output/PWM output pin
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10.3 Register Descriptions

The TPU has the following registers. For the addresses of these registers and information on the
register statesin different operating modes, see section 23, List of Registers. To distinguish
registersin each channel, an underscore and the channel number are added as a suffix to the
register name; TCR for channel O isexpressed as TCR_O.

e Timer control register_0 (TCR_O0)

e Timer moderegister 0 (TMDR_0)

e Timer 1/O control register H_0 (TIORH_O)
e Timer I/O control register L_0 (TIORL_0)
e Timer interrupt enable register_0 (TIER_O)
e Timer statusregister 0 (TSR_0)

e Timer counter_O (TCNT_0)

e Timer genera register A_0 (TGRA_0)

e Timer general register B_0 (TGRB_O0)

e Timer genera register C_ 0 (TGRC_0)

e Timer genera register D_0 (TGRD_O0)

e Timer control register_1 (TCR_1)

e Timer moderegister 1 (TMDR_1)

e Timer I/O control register _1 (TIOR_1)

e Timer interrupt enableregister_1 (TIER_1)
e Timer statusregister 1 (TSR _1)

e Timer counter_1 (TCNT_1)

e Timer genera register A_1(TGRA 1)

e Timer general register B_1 (TGRB_1)

e Timer control register_2 (TCR_2)

e Timer moderegister 2 (TMDR_2)

e Timer 1/O control register_2 (TIOR_2)

e Timer interrupt enableregister_2 (TIER_2)
e Timer statusregister 2 (TSR _2)

e Timer counter 2 (TCNT_2)

e Timer genera register A_2 (TGRA _2)

e Timer general register B_2 (TGRB_2)

e Timer control register_3 (TCR_3)

e Timer moderegister 3(TMDR_3)
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Section 10 16-Bit Timer Pulse Unit (TPU)

Timer 1/O control register H 3 (TIORH_3)
Timer 1/O control register L_3 (TIORL _3)
Timer interrupt enableregister 3 (TIER_3)
Timer status register_3 (TSR_3)

Timer counter 3 (TCNT_3)

Timer general register A_3 (TGRA_3)
Timer general register B_3 (TGRB_3)
Timer general register C_3 (TGRC_3)
Timer general register D_3 (TGRD_3)
Timer control register_4 (TCR_4)

Timer moderegister_4 (TMDR_4)

Timer 1/O control register _4 (TIOR_4)
Timer interrupt enableregister 4 (TIER_4)
Timer status register_4 (TSR_4)

Timer counter_4 (TCNT_4)

Timer general register A_4 (TGRA_4)
Timer general register B_4 (TGRB_4)
Timer control register 5 (TCR_5)

Timer moderegister 5 (TMDR_5)

Timer 1/O control register 5 (TIOR_5)
Timer interrupt enableregister 5 (TIER_5)
Timer status register 5 (TSR_5)

Timer counter 5 (TCNT_5)

Timer general register A_5 (TGRA_5)
Timer general register B_5 (TGRB_5)

Common Registers

Timer start register (TSTR)
Timer synchro register (TSYR)
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Section 10 16-Bit Timer Pulse Unit (TPU)

10.3.1 Timer Control Register (TCR)

The TCR registers are 8-hit readable/writable registers that control the TCNT operation for each
channel. The TPU has atotal of six TCR registers, one for each channel (channels5to 0). TCR
register settings should be conducted only when TCNT operation is stopped.

Bit  Bit Name Initial value  R/W Description

7 CCLR2 0 R/W Counter Clear 2to 0

6 CCLR1 0 RIW These bits select the TCNT counter clearing source.

5 CCLRO 0 RIW See tables 10.3 and 10.4 for details.

4 CKEG1 0 R/W Clock Edge 1 and 0

3 CKEGO 0 RIW 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, 2, 4, and 5, this setting is ignored and the
phase counting mode setting has priority. 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.
00: Count at rising edge
01: Count at falling edge
1x: Count at both edges
Legend:
x: Don't care

2 TPSC2 0 R/W Time Prescaler 2to 0

1 TPSC1 0 RIW These bits select the TCNT counter clock. The clock

0 TPSCO 0 R/W

source can be selected independently for each
channel. See tables 10.5 to 10.10 for details.
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Section 10 16-Bit Timer Pulse Unit (TPU)

Table10.3 CCLR2to CCLRO (Channels0and 3)

Bit 7 Bit 6 Bit 5
Channel CCLR2 CCLR1 CCLRO Description
0,3 0 0 0 TCNT clearing disabled
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 operation**

Notes: 1. Synchronous operation is set 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.

Table10.4 CCLR2to CCLRO (Channelsi, 2,4, and 5)

Bit 7 Bit 6 Bit 5
Channel Reserved*® CCLR1 CCLRO Description
1,2,4,5 0 0 0 TCNT clearing disabled
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™*

Notes: 1. Synchronous operation is selected by setting the SYNC bitin TSYR to 1.

2. Bit 7 isreserved in channels 1, 2, 4, and 5. It is always read as 0 and cannot be
modified.
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Section 10 16-Bit Timer Pulse Unit (TPU)

Table10.5 TPSC2to TPSCO (Channel 0)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
0 0 0 0 Internal clock: counts on ¢/1
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

Table10.6 TPSC2to TPSCO (Channel 1)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
1 0 0 0 Internal clock: counts on ¢/1
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 Counts on TCNT2 overflow/underflow

Note: This setting is ignored when channel 1 is in phase counting mode.
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Section 10 16-Bit Timer Pulse Unit (TPU)

Table10.7 TPSC2to TPSCO (Channel 2)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
2 0 0 0 Internal clock: counts on ¢/1
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.

Table10.8 TPSC2to TPSCO (Channel 3)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
3 0 0 0 Internal clock: counts on ¢/1
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 Internal clock: counts on ¢/1024
1 0 Internal clock: counts on ¢/256
1 Internal clock: counts on ¢/4096
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Section 10 16-Bit Timer Pulse Unit (TPU)

Table10.9 TPSC2to TPSCO (Channel 4)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
4 0 0 0 Internal clock: counts on ¢/1
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 TCLKC pin input
1 0 Internal clock: counts on ¢/1024
1 Counts on TCNT5 overflow/underflow

Note: This setting is ignored when channel 4 is in phase counting mode.

Table 10.10 TPSC2 to TPSCO (Channel 5)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
5 0 0 0 Internal clock: counts on ¢/1
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 TCLKC pin input
1 0 Internal clock: counts on ¢/256
1 External clock: counts on TCLKD pin input

Note: This setting is ignored when channel 5 is in phase counting mode.
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Section 10 16-Bit Timer Pulse Unit (TPU)

10.3.2 Timer Mode Register (TMDR)

The TMDR registers are 8-bit readable/writable registers that are used to set the operating mode of
each channel. The TPU has six TMDR registers, one for each channel. TMDR register settings
should be changed only when TCNT operation is stopped.

Bit Bit Name

Initial value

R/W

Description

7,6 —

All 1

Reserved

These bits are always read as 1 and cannot be
modified.

5 BFB

R/W

Buffer Operation B

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, 2, 4, and 5, which have no TGRD, bit
5 is reserved. It is always read as 0 and cannot be
modified.

0: TGRB operates normally

1: TGRB and TGRD used together for buffer
operation

4 BFA

R/W

Buffer Operation A

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, 2, 4, and 5, which have no TGRC, bit
4 is reserved. It is always read as 0 and cannot be
modified.

0: TGRA operates normally

1: TGRA and TGRC used together for buffer
operation

MD3
MD2
MD1
MDO

OFr,r NW

[eNeoNoNe)

R/W
R/W
R/W
R/W

Modes 3to 0
These bits are used to set the timer operating mode.

MD3 is a reserved bit. In a write, it should always be
written with 0. See table 10.11 for details.
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Section 10 16-Bit Timer Pulse Unit (TPU)

Table 10.11 MD3to MDO

Bit 3 Bit 2 Bit 1 Bit 0
MD3**  MD2** MD1 MDO Description

0 0 0 0 Normal operation
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 X X x —

Legend:
x: Don't care
Notes: 1. MD3 is a reserved bit. In a write, it should always be written with 0.

2. Phase counting mode cannot be set for channels 0 and 3. In this case, 0 should always
be written to MD2.
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Section 10 16-Bit Timer Pulse Unit (TPU)

10.3.3 Timer 1/O Control Register (TIOR)

The TIOR registers are 8-bit readable/writable registers that control the TGR registers. The TPU
haseight TIOR registers, two each for channels 0 and 3, and one each for channels 1, 2, 4, and 5.

Careisrequired as TIOR is affected by the TMDR setting. Theinitial output specified by TIOR is
valid when the counter is stopped (the CST bit in TSTRis 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.

When TGRC or TGRD is designated for buffer operation, this setting isinvalid and the register
operates as a buffer register.

e TIORH_5, TIOR 4, TIOR_3, TIORH_2, TIOR_1, TIOR_ 0

Initial
Bit Bit Name value R/W Description
7 10B3 0 R/W 1/0 Control B3 to BO
6 10B2 0 RIW Specify the function of TGRB.
5 10B1 0 R/W
4 10B0 0 R/W
3 I0A3 0 R/W I/O Control A3 to AO
2 10A2 0 RIW Specify the function of TGRA.
1 I0A1 0 R/W
0 I0A0 0 R/W
e TIORL_3, TIORL_O
Initial
Bit Bit Name value R/W Description
7 10D3 0 R/W 1/0 Control D3 to DO
6 10D2 0 RIW Specify the function of TGRD.
5 10D1 0 R/W
4 10DO0 0 R/W
3 10C3 0 R/W I/O Control C3 to CO
2 l0C2 0 RIW Specify the function of TGRC.
1 I10C1 0 R/W
0 10CO 0 R/W
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Section 10 16-Bit Timer Pulse Unit (TPU)

Table 10.12 TIORH_0 (Channel 0)

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRB_O
IOB3 10B2 10B1 I0OBO Function TIOCBO Pin Function

0 0 0 0 Output Output disabled
1 compare g outputis O
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is O

Toggle output at compare match

1 0 0 Output disabled

Initial output is 1
0 output at compare match

1 0 Initial output is 1
1 output at compare match

1 Initial output is 1
Toggle output at compare match

1 0 0 0 Input Capture input source is the TIOCBO pin
capture Input capture at rising edge
register : - -
1 Capture input source is the TIOCBO pin
Input capture at falling edge
1 x Capture input source is the TIOCBO pin
Input capture at both edges
1 x x Capture input source is channel 1/count clock
Input capture at TCNT_1 count-up/count-down®
Legend:
x: Don't care

Note: * When bits TPSC2 to TPSCO in TCR_1 are set to B'000 and ¢/1 is used as the TCNT_1
count clock, this setting is invalid and input capture is not generated.
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Section 10 16-Bit Timer Pulse Unit (TPU)

Table 10.13 TIORL_0 (Channel 0)

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRD_O
IOD3 I10D2 |10D1 I0ODO Function TIOCDO Pin Function

0 0 0 0 Output Output disabled
1 compariez Initial output is O
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is O

Toggle output at compare match
1 0 0 Output disabled
Initial output is 1

0 output at compare match

1 0 Initial output is 1
1 output at compare match

1 Initial output is 1
Toggle output at compare match

1 0 0 0 Input Capture input source is the TIOCDO pin

capture*z Input capture at rising edge
register

1 Capture input source is the TIOCDO pin
Input capture at falling edge

1 x Capture input source is the TIOCDO pin
Input capture at both edges

1 x x Capture input source is channel 1/count clock

1

Input capture at TCNT_1 count-up/count-down®

Legend:

x: Don't care

Notes: 1. When bits TPSC2 to TPSCO in TCR_1 are set to B'000 and ¢/1 is used as the TCNT_1
count clock, this setting is invalid and input capture is not generated.

2. When the BFB bitin TMDR_0 is set to 1 and TGRD_O is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table 10.14 TIOR_1 (Channel 1)

Description
Bit7 Bit6 Bit5 Bit4 TGRB_1
IOB3 10B2 |0B1 I0BO Function TIOCB1 Pin Function
0 0 0 0 Output Output disabled
1 Compare hitja) outputis O
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is O
Toggle output at compare match
1 0 0 Output disabled
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 0 0 0 Input Capture input source is the TIOCB1 pin
capture Input capture at rising edge
register
1 Capture input source is the TIOCBL1 pin
Input capture at falling edge
1 x Capture input source is the TIOCB1 pin
Input capture at both edges
1 x x TGRC_0 compare match/ input capture
Input capture at generation of TGRC_0 compare
match/input capture
Legend:
x: Don't care
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Table 10.15 TIOR_2 (Channel 2)

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRB_2
IOB3 10B2 10B1 I0OBO Function TIOCB2 Pin Function

0 0 0 0 Output Output disabled
1 compare g outputis O
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is O

Toggle output at compare match
1 0 0 Output disabled
Initial output is 1

0 output at compare match

1 0 Initial output is 1
1 output at compare match

1 Initial output is 1
Toggle output at compare match

1 X 0 0 Input Capture input source is the TIOCB2 pin
capture Input capture at rising edge
register : - -
1 Capture input source is the TIOCB2 pin
Input capture at falling edge
1 x Capture input source is the TIOCB2 pin
Input capture at both edges
Legend:
x: Don't care
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Table 10.16 TIORH_3 (Channel 3)

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRB_3
IOB3 10B2 10B1 I0OBO Function TIOCB3 Pin Function

0 0 0 0 Output Output disabled
1 compare g outputis O
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is O

Toggle output at compare match

1 0 0 Output disabled

Initial output is 1
0 output at compare match

1 0 Initial output is 1
1 output at compare match

1 Initial output is 1
Toggle output at compare match

1 0 0 0 Input Capture input source is the TIOCB3 pin

capture Input capture at rising edge
register : - -

1 Capture input source is the TIOCB3 pin
Input capture at falling edge

1 x Capture input source is the TIOCB3 pin
Input capture at both edges

1 x x Capture input source is channel 4/count clock

Input capture at TCNT_4 count-up/count-down*

Legend:
x: Don’t care

Note: * When bits TPSC2 to TPSCO in TCR_4 are set to B'000 and ¢/1 is used as the TCNT_4
count clock, this setting is invalid and input capture is not generated.
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Section 10 16-Bit Timer Pulse Unit (TPU)

Table 10.17 TIORL_3 (Channel 3)

Description
Bit7 Bit6 Bit5 Bit4 TGRD_3
IOD3 10D2 |0D1 I0DO Function TIOCD3 Pin Function
0 0 0 0 Output Output disabled
1 Comparfz Initial output is O
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is O
Toggle output at compare match
1 0 0 Output disabled
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 0 0 0 Input Capture input source is the TIOCDS3 pin
capture*z Input capture at rising edge
register
1 Capture input source is the TIOCD3 pin
Input capture at falling edge
1 x Capture input source is the TIOCD3 pin
Input capture at both edges
1 x x Capture input source is channel 4/count clock
Input capture at TCNT_4 count-up/count-down™*
Legend:
x: Don't care

Notes: 1. When bits TPSC2 to TPSCO in TCR_4 are set to B'000 and ¢/1 is used as the TCNT_4
count clock, this setting is invalid and input capture is not generated.

2. When the BFB bitin TMDR_3 is setto 1 and TGRD_3 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table 10.18 TIOR_4 (Channel 4)

Description

Bit 7
I0B3

Bit 6
10B2

Bit 5
10B1

Bit 4
I0BO

TGRB_4
Function

TIOCB4 Pin Function

0 0 Output
compare

register

Output disabled

Initial output is O
0 output at compare match

Initial output is O
1 output at compare match

Initial output is O
Toggle output at compare match

Output disabled

Initial output is 1
0 output at compare match

Initial output is 1
1 output at compare match

Initial output is 1
Toggle output at compare match

Input
capture
register

Capture input source is the TIOCB4 pin
Input capture at rising edge

Capture input source is the TIOCB4 pin
Input capture at falling edge

Capture input source is the TIOCB4 pin
Input capture at both edges

Capture input source is TGRC_3 compare
match/input capture

Input capture at generation of TGRC_3 compare
match/input capture

Legend:
x: Don't care

Rev. 4.00 Mar. 16, 2010 Page 188 of 606
REJ09B0155-0400

RENESAS



Section 10 16-Bit Timer Pulse Unit (TPU)

Table 10.19 TIOR_5 (Channel 5)

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRB_5
IOB3 10B2 10B1 I0OBO Function  TIOCBS5 Pin Function

0 0 0 0 Output Output disabled
1 compare Initial output is 0
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is O

Toggle output at compare match
1 0 0 Output disabled
Initial output is 1

0 output at compare match

1 0 Initial output is 1
1 output at compare match

1 Initial output is 1
Toggle output at compare match

1 X 0 0 Input Capture input source is the TIOCBS5 pin
capture Input capture at rising edge
register
1 Capture input source is the TIOCBS5 pin
Input capture at falling edge
1 x Capture input source is the TIOCB5 pin
Input capture at both edges
Legend:
x: Don't care
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Table 10.20 TIORH_0 (Channel 0)

Description

Bit 3 Bit 2 Bit 1 Bit O TGRA_O
IOA3 I0A2 IOA1 IOAO Function TIOCAO Pin Function

0 0 0 0 Output Output disabled
1 compare g outputis O
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is O

Toggle output at compare match

1 0 0 Output disabled

Initial output is 1
0 output at compare match

1 0 Initial output is 1
1 output at compare match

1 Initial output is 1
Toggle output at compare match

1 0 0 0 Input Capture input source is the TIOCAO pin

capture Input capture at rising edge
register : - -

1 Capture input source is the TIOCAO pin
Input capture at falling edge

1 x Capture input source is the TIOCAO pin
Input capture at both edges

1 x x Capture input source is channel 1/count clock

Input capture at TCNT_1 count-up/count-down

Legend:
x: Don’t care
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Table 10.21 TIORL_0 (Channel 0)

Bit3 Bit2
IOC3 10C2

Bit 1
I0C1

Bit 0
I0CO

Description

TGRC_0
Function

TIOCCO Pin Function

0 0

Output
compare
register”

Output disabled

Initial output is 0
0 output at compare match

Initial output is O
1 output at compare match

Initial output is O
Toggle output at compare match

Output disabled

Initial output is 1
0 output at compare match

Initial output is 1
1 output at compare match

Initial output is 1

Toggle output at compare match

Input
capture
register”

Capture input source is the TIOCCO pin
Input capture at rising edge

Capture input source is the TIOCCO pin
Input capture at falling edge

Capture input source is the TIOCCO pin
Input capture at both edges

Capture input source is channel 1/count clock
Input capture at TCNT_1 count-up/count-down

Legend:
x: Don’t care

Note: * When the BFA bitin TMDR_O is setto 1 and TGRC_O is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table 10.22 TIOR_1 (Channel 1)

Description

Bit 3 Bit 2 Bit 1 Bit O TGRA_1
IOA3 I0A2 IOA1 IOAO Function TIOCAL Pin Function

0 0 0 0 Output Output disabled
1 compare g outputis O
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is O

Toggle output at compare match

1 0 0 Output disabled

Initial output is 1
0 output at compare match

1 0 Initial output is 1
1 output at compare match

1 Initial output is 1
Toggle output at compare match

1 0 0 0 Input Capture input source is the TIOCA1 pin

capture Input capture at rising edge
register : - -

1 Capture input source is the TIOCAL pin
Input capture at falling edge

1 x Capture input source is the TIOCAL pin
Input capture at both edges

1 x x Capture input source is TGRA_0 compare

match/input capture

Input capture at generation of channel 0/TGRA_0
compare match/input capture

Legend:
x: Don't care
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Table 10.23 TIOR_2 (Channel 2)

Description

Bit 3 Bit 2 Bit 1 Bit O TGRA_2
IOA3 I0A2 IOA1 IOAO Function TIOCA2 Pin Function

0 0 0 0 Output Output disabled
1 compare g outputis O
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is O

Toggle output at compare match
1 0 0 Output disabled
Initial output is 1

0 output at compare match

1 0 Initial output is 1
1 output at compare match

1 Initial output is 1
Toggle output at compare match

1 X 0 0 Input Capture input source is the TIOCA2 pin
capture Input capture at rising edge
register : - -
1 Capture input source is the TIOCA2 pin
Input capture at falling edge
1 x Capture input source is the TIOCA2 pin
Input capture at both edges
Legend:
x: Don't care
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Table 10.24 TIORH_3 (Channel 3)

Description

Bit 3 Bit 2 Bit 1 Bit O TGRA_3
IOA3 I0A2 IOA1 IOAO Function TIOCAS3 Pin Function

0 0 0 0 Output Output disabled
1 compare g outputis O
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is O

Toggle output at compare match

1 0 0 Output disabled

Initial output is 1
0 output at compare match

1 0 Initial output is 1
1 output at compare match

1 Initial output is 1
Toggle output at compare match

1 0 0 0 Input Capture input source is the TIOCA3 pin

capture Input capture at rising edge
register : - -

1 Capture input source is the TIOCA3 pin
Input capture at falling edge

1 x Capture input source is the TIOCA3 pin
Input capture at both edges

1 x x Capture input source is channel 4/count clock

Input capture at TCNT_4 count-up/count-down

Legend:
x: Don’t care
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Table 10.25 TIORL_3 (Channel 3)

Bit3 Bit2
IOC3 10C2

Bit 1
I0C1

Bit 0
I0CO

Description

TGRC_3
Function

TIOCC3 Pin Function

0 0

Output
compare
register”

Output disabled

Initial output is 0
0 output at compare match

Initial output is O
1 output at compare match

Initial output is O
Toggle output at compare match

Output disabled

Initial output is 1
0 output at compare match

Initial output is 1
1 output at compare match

Initial output is 1

Toggle output at compare match

Input
capture
register”

Capture input source is the TIOCC3 pin
Input capture at rising edge

Capture input source is the TIOCC3 pin
Input capture at falling edge

Capture input source is the TIOCC3 pin
Input capture at both edges

Capture input source is channel 4/count clock
Input capture at TCNT_4 count-up/count-down

Legend:
x: Don’t care

Note: * When the BFA bitin TMDR_3 is setto 1 and TGRC_3 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table 10.26 TIOR_4 (Channel 4)

Description

Bit 3
IOA3

Bit 2
I0A2

Bit 1
I0A1

Bit 0
IOAOQ

TGRA_4
Function

TIOCA4 Pin Function

0 0 Output
compare

register

Output disabled

Initial output is O
0 output at compare match

Initial output is O
1 output at compare match

Initial output is O
Toggle output at compare match

Output disabled

Initial output is 1
0 output at compare match

Initial output is 1
1 output at compare match

Initial output is 1
Toggle output at compare match

Input
capture
register

Capture input source is the TIOCA4 pin
Input capture at rising edge

Capture input source is the TIOCA4 pin
Input capture at falling edge

Capture input source is the TIOCA4 pin
Input capture at both edges

Capture input source is TGRA_3 compare
match/input capture

Input capture at generation of TGRA_3 compare
match/input capture

Legend:
x: Don't care
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Table 10.27 TIOR_5 (Channel 5)

Description
Bit3 Bit2 Bitl BitO TGRA_5
IOA3 I0A2 I0A1 IOAO Function TIOCAS Pin Function
0 0 0 0 Output Output disabled
1 compare Initial output is O
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is O
Toggle output at compare match
1 0 0 Output disabled
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input Capture input source is the TIOCAS pin
capture Input capture at rising edge
register
Capture input source is the TIOCAS5 pin
Input capture at falling edge
1 x Capture input source is the TIOCAS5 pin
Input capture at both edges
Legend:
x: Don't care

Rev. 4.00 Mar. 16, 2010 Page 197 of 606
REJ09B0155-0400

RENESAS



Section 10 16-Bit Timer Pulse Unit (TPU)

10.34 Timer Interrupt Enable Register (TIER)

The TIER registers are 8-hit readable/writable registers that control enabling or disabling of
interrupt requests for each channel. The TPU has six TIER registers, one for each channel.

Bit  Bit Name Initial value  R/W Description

7 TTGE 0 R/W A/D Conversion Start Request Enable

Enables or disables generation of A/D conversion
start requests by TGRA input capture/compare
match.

0: A/D conversion start request generation disabled
1: A/D conversion start request generation enabled

6 — 1 — Reserved
This bit is always read as 1 and cannot be modified.

5 TCIEU 0 R/W Underflow Interrupt Enable

Enables or disables interrupt requests (TCIU) by the
TCFU flag when the TCFU flag in TSR is setto 1 in
channels 1, 2, 4, and 5.

In channels 0 and 3, bit 5 is reserved. It is always
read as 0 and cannot be modified.

0: Interrupt requests (TCIU) by TCFU disabled
1: Interrupt requests (TCIU) by TCFU enabled

4 TCIEV 0 R/W Overflow Interrupt Enable

Enables or disables interrupt requests (TCIV) by the
TCFV flag when the TCFV flag in TSR is set to 1.

0: Interrupt requests (TCIV) by TCFV disabled
1: Interrupt requests (TCIV) by TCFV enabled

3 TGIED 0 R/W TGR Interrupt Enable D

Enables or disables interrupt requests (TGID) by the
TGFD bit when the TGFD bitin TSR is setto 1 in
channels 0 and 3.

In channels 1, 2, 4, and 5, bit 3 is reserved. It is
always read as 0 and cannot be modified.

0: Interrupt requests (TGID) by TGFD bit disabled
1: Interrupt requests (TGID) by TGFD bit enabled
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Bit

Bit Name

Initial value

R/W

Description

2

TGIEC

0

R/W

TGR Interrupt Enable C

Enables or disables interrupt requests (TGIC) by the
TGFC bit when the TGFC bitin TSR is setto 1 in
channels 0 and 3.

In channels 1, 2, 4, and 5, bit 2 is reserved. It is
always read as 0 and cannot be modified.

0: Interrupt requests (TGIC) by TGFC bit disabled
1: Interrupt requests (TGIC) by TGFC bit enabled

1

TGIEB

0

R/W

TGR Interrupt Enable B

Enables or disables interrupt requests (TGIB) by the
TGFB bit when the TGFB bit in TSR is set to 1.

0: Interrupt requests (TGIB) by TGFB bit disabled
1: Interrupt requests (TGIB) by TGFB bit enabled

0

TGIEA

0

R/W

TGR Interrupt Enable A

Enables or disables interrupt requests (TGIA) by the
TGFA bit when the TGFA bit in TSR is set to 1.

0: Interrupt requests (TGIA) by TGFA bit disabled
1: Interrupt requests (TGIA) by TGFA bit enabled
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10.35 Timer Status Register (TSR)

The TSR registers are 8-hit readabl e/writable registers that indicate the status of each channel. The
TPU has six TSR registers, one for each channel.

Bit  Bit Name Initial value  R/W Description
7 TCFD 1 R Count Direction Flag

Status flag that shows the direction in which TCNT
counts in channels 1, 2, 4, and 5.

In channels 0 and 3, bit 7 is reserved. It is always
read as 1 and cannot be modified.

0: TCNT counts down
1: TCNT counts up
6 — 1 — Reserved

This bit is always read as 1 and cannot be modified.
5 TCFU 0 R/(W)* Underflow Flag

Status flag that indicates that TCNT underflow has
occurred when channels 1, 2, 4, and 5 are set to
phase counting mode.

In channels 0 and 3, bit 5 is reserved. It is always
read as 0 and cannot be modified.

[Setting condition]

e When the TCNT value underflows (changes from
H'0000 to H'FFFF)

[Clearing condition]

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

4 TCFV 0 R/((W)* Overflow Flag

Status flag that indicates that TCNT overflow has
occurred.

[Setting condition]

e When the TCNT value overflows (changes from
H'FFFF to H'0000 )

[Clearing condition]

e When 0 is written to TCFV after reading TCFV =
1
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Bit

Bit Name

Initial value

R/W

Description

3

TGFD

0

RI(W)*

Input Capture/Output Compare Flag D

Status flag that indicates the occurrence of TGRD
input capture or compare match in channels 0 and 3.
In channels 1, 2, 4, and 5, bit 3 is reserved. It is
always read as 0 and cannot be modified.

[Setting conditions]

e When TCNT = TGRD and TGRD is functioning as
output compare register

e When TCNT value is transferred to TGRD by
input capture signal and TGRD is functioning as
input capture register

[Clearing conditions]

e When DTC is activated by TGID interrupt and the
DISEL bit of MRB in DTC is O

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

2

TGFC

0

RI(W)*

Input Capture/Output Compare Flag C

Status flag that indicates the occurrence of TGRC
input capture or compare match in channels 0 and 3.
In channels 1, 2, 4, and 5, bit 2 is reserved. It is
always read as 0 and cannot be modified.

[Setting conditions]

e When TCNT = TGRC and TGRC is functioning as
output compare register

e When TCNT value is transferred to TGRC by
input capture signal and TGRC is functioning as
input capture register

[Clearing conditions]

e When DTC is activated by TGIC interrupt and the
DISEL bit of MRB in DTC is 0

e When 0 is written to TGFC after reading TGFC =
1
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Bit Bit Name Initial value R/W

Description

1  TGFB 0 RI(W)*

Input Capture/Output Compare Flag B

Status flag that indicates the occurrence of TGRB
input capture or compare match.

[Setting conditions]

e When TCNT = TGRB and TGRB is functioning as
output compare register

e When TCNT value is transferred to TGRB by

input capture signal and TGRB is functioning as
input capture register

[Clearing conditions]
e When DTC is activated by TGIB interrupt and the
DISEL bit of MRB in DTC is O

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

0 TGFA 0 RI(W)*

Input Capture/Output Compare Flag A

Status flag that indicates the occurrence of TGRA
input capture or compare match.

[Setting conditions]
e When TCNT = TGRA and TGRA is functioning as
output compare register

e When TCNT value is transferred to TGRA by
input capture signal and TGRA is functioning as
input capture register

[Clearing conditions]

e When DTC is activated by TGIA interrupt and the
DISEL bit of MRB in DTC is O

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

Note: * Only a 0 can be written to this bit, to clear the flag.
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10.3.6  Timer Counter (TCNT)

The TCNT registers are 16-bit readable/writable counters. The TPU has six TCNT counters, one
for each channel.

The TCNT counters areinitialized to H'0000 by areset, 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.

10.3.7 Timer General Register (TGR)

The TGR registers are dual function 16-bit readable/writable registers, functioning as either output
compare or input capture registers. The TPU has 16 TGR registers, four each for channels0 and 3
and two each for channels 1, 2, 4, and 5. TGRC and TGRD for channels 0 and 3 can also be
designated for operation as buffer registers. The TGR registers cannot be accessed in 8-bit units;
they must always be accessed as a 16-bit unit. TGR buffer register combinations are TGRA—
TGRC and TGRB-TGRD.

10.3.8 Timer Start Register (TSTR)

TSTR isan 8-bit readable/writable register that selects operation/stoppage for channels 0 to 5.
When setting the operating mode in TMDR or setting the count clock in TCR, first stop the TCNT
counter.

Bit  Bit Name Initial value  R/W Description
7,6 — AllO — Reserved
The write value should always be 0.

5 CST5 0 R/W Counter Start 5to 0 (CST5 to CSTO0)

4 CST4 0 RIW These bits select operation or stoppage for TCNT.

3 CST3 0 RIW o L . )

2 CST?2 0 rR/w  IfOis written to the CST bit during operation with the
1 CST1 0 R/W  TIOC pin designated for output, the counter stops but
0 CSTO 0 rR/w  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.

0: TCNT_5 to TCNT_0 count operation is stopped
1: TCNT_5 to TCNT_O performs count operation
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10.3.9 Timer Synchro Register (TSYR)

TSYR isan 8-bit readable/writable register that selects independent operation or synchronous
operation for the channel 0to 5 TCNT counters. A channel performs synchronous operation when
the corresponding bitin TSYR is set to 1.

Bit  Bit Name Initial value  R/W Description
7,6 — AllO R/W Reserved
The write value should always be 0.

5 SYNC5 0 R/W Timer Synchro0to 5

4 SYNC4 0 RIW These bits are used to select whether operation is

3 SYNC3 0 RIW independent of or synchronized with other channels.
2 SYNC2 0 R/IW o

1 SYNC1 0 R/W  When synchronous operation is selected, the TCNT
0 SYNCO 0 R/W  Synchronous presetting of multiple channels, and

synchronous clearing by counter clearing on another
channel, are possible.

To set synchronous operation, the SYNC bits for at
least two channels must be setto 1. To set
synchronous clearing, in addition to the SYNC bit ,
the TCNT clearing source must also be set by means
of bits CCLRO to CCLR2 in TCR.

0: TCNT_O to TCNT_5 operates independently
(TCNT presetting/clearing is unrelated to
other channels)

1: TCNT_O to TCNT_5 performs synchronous
operation

TCNT synchronous presetting/synchronous
clearing is possible
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104 Operation

10.4.1 Basic Functions

Each channel hasa TCNT and TGR register. TCNT performs up-counting, and is also capable of
free-running operation, periodic counting, and external event counting.

Each TGR can be used as an input capture register or output compare register.

Counter Operation: When one of bits CST5to CSTO issetto 1in TSTR, the TCNT counter for
the corresponding channel begins counting. TCNT can operate as a free-running counter, periodic
counter, for example.

1. Example of count operation setting procedure
Figure 10.2 shows an example of the count operation setting procedure.

( Operation selection ) [1] Select the counter
clock with bits

TPSC2 to TPSCO in
TCR. Atthe same
Select counter clock [1] time, select the
input clock edge
with bits CKEG1
and CKEGO in TCR.

periodi " . [2] For periodic counter
eriodic counter Free-running counter operation, select the

| TGR to be used as
the TCNT clearing

Select counter clearing source | [2] source with bits

CCLR2 to CCLRO in

| TCR.

[3] [3] Designate the TGR

selected in [2] as an

output compare

| register by means of

TIOR.

Select output compare register

Set period 4
P t [4] set the periodic
| counter cycle in the
- - TGR selected in [2].
Start count operation [5] Start count operation [5] Setthe CST bit in
- _ TSTR to 1 to start
<Periodic counter> <Free-running counter>

the counter
operation.

Figure10.2 Example of Counter Operation Setting Procedure
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2. Free-running count operation and periodic count operation
Immediately after areset, 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 afree-running counter. When TCNT overflows (from H'FFFF to H'0000),
the TCFV bitin TSR is set to 1. If the value of the corresponding TCIEV bitin TIER is 1 at
this point, the TPU requests an interrupt. After overflow, TCNT starts counting up again from
H'0000.

Figure 10.3 illustrates free-running counter operation.

TCNT value

H'0000 r + u Time

CST bit ' E

TCFV

Figure 10.3 Free-Running Counter Operation

When compare match is selected asthe 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 a 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 isset 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 acompare match, TCNT starts counting up again from H'0000.

Figure 10.4 illustrates periodic counter operation.
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TCNT value Counter cleared by TGR
compare match

TGR 7 comp
H'0000 ; | Time
CST bit : |

E Flag cleared by software or

! »~DTC activation
TGF

Figure 10.4 Periodic Counter Operation

Waveform Output by Compare Match: The TPU can perform 0, 1, or toggle output from the
corresponding output pin using compare match.

1. Example of setting procedure for waveform output by compare match

Figure 10.5 shows an example of the setting procedure for waveform output by compare
match.

Output selection [1] Select initial value 0 output or 1 output, and
p 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 unit the
first compare match occurs.

[2] Set the timing for compare match generation in

Select waveform output mode | [1]

TGR.
[3] Setthe CST bitin TSTR to 1 to start the count
operation.
Set output timing [2]
Start count operation [3]

<Waveform output>

Figure 10.5 Example of Setting Procedure for Waveform Output by Compare Match
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2. Examples of waveform output operation
Figure 10.6 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 such 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

H'FFFF
TGRA

TGRB

Time

H'0000 : ;
No change ! .~ No change

: : N 0 -/
1 1 1 l t t
TIOCA _,_I : : outpu

TIOCB | -~ No change -~ No change 0 output
N N

Figure 10.6 Example of 0 Output/1 Output Operation

Figure 10.7 shows an example of toggle output.

In this example, TCNT has been designated as a periodic counter (with counter clearing on
compare match B), and settings have been made such that the output is toggled by both
compare match A and compare match B.

TCNT value

HFFFF
TGRB

TGRA

Time

H'0000

Toggl
TI0CE oggle output

TIOCA | | | | Toggle output

Figure 10.7 Example of Toggle Output Operation
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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. For channels 0, 1, 3,
and 4, it is also possible to specify another channel’s counter input clock or compare match signal
asthe input capture source.

Note: When another channel’s counter input clock is used as the input capture input for channels
0 and 3, ¢/1 should not be selected as the counter input clock used for input capture input.
Input capture will not be generated if ¢/1 is selected.

1. Example of input capture operation setting procedure
Figure 10.8 shows an example of the input capture operation setting procedure.

. [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.
[2] Setthe CST bitin TSTR to 1 to start the count
operation.

Select input capture input (1]

Start count [2]

<Input capture operation>

Figure 10.8 Example of Input Capture Operation Setting Procedure
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2. Example of input capture operation
Figure 10.9 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, the 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)
01

H'0160 |- = o mmmmmmm e .

H'0010 |- - - e e e 2T e e oo ]

\

! A !
TGRA X H0005 X Ho160 | X Ho0010

H'0005 |-----

H'0000

TIOCB | |

TGRB X D( H'0180

Figure10.9 Example of Input Capture Operation
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10.4.2  Synchronous Operation

In synchronous operation, the valuesin anumber of TCNT counters can be rewritten
simultaneously (synchronous presetting). Also, anumber 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 asingle time base.
Channels 0 to 5 can al be designated for synchronous operation.

Example of Synchronous Operation Setting Procedur e: Figure 10.10 shows an example of the
synchronous operation setting procedure.

Synchronous operation)

selection
Set synchronous 1]
operation
CSynchronous presetting) C Synchronous cIearing)
| Set TCNT | [2] Clearing No
source generation
channel?
| Select counter |[3] | Set synchronous | [4]
clearing source counter clearing
| Start count |[4] | Start count | [5]
<Synchronous presetting> <Counter clearing> <Synchronous clearing>

[1] Setto 1 the SYNC bits in TSYR corresponding to the channels to be designated for synchronous
operation.

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.

Use bits CCLR2 to CCLRO in TCR to specify TCNT clearing by input capture/output compare,
etc.

Use bits CCLR2 to CCLRO in TCR to designate synchronous clearing for the counter clearing
source.

Set to 1 the CST bits in TSTR for the relevant channels, to start the count operation.

2

[3

[4

5

Figure 10.10 Example of Synchronous Operation Setting Procedure
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Example of Synchronous Operation: Figure 10.11 shows an example of synchronous operation.

In this example, synchronous operation and PWM mode 1 have been designated for channels O to
2, TGRB_0 compare match has been set as the channel 0 counter clearing source, and
synchronous clearing has been set for the channel 1 and 2 counter clearing sources.

Three-phase PWM waveforms are output from pins TIOCAOQ, TIOCA1, and TIOCAZ2. At this
time, synchronous presetting, and synchronous clearing by TGRB_0 compare match, are
performed for channel 0to 2 TCNT counters, and the data set in TGRB_0 is used as the PWM

cycle.

For details of PWM modes, see section 10.4.5, PWM Modes.

Synchronous clearing by TGRB_0 compare match

TCNTO to TCNT2 values / \

TGRB O == - r s oo oo o e
TGRB_Lf------=========-— B 77l R EEEEEEEEEELS
TGRA O f-------====- A~ R ERGRCEEETEEEES £ e R 7 G
TGRB_2f--------- 4~~~ R Re EEEEEEEEL e R R R
TGRA 1f------A-- R R b EEEEESY CEb D e e B

TGRA 2 |-~ N e N e
H'0000 : :

Time

TIOCA 0

TIOCA_1

we: 1 [ ]

Figure 10.11 Example of Synchronous Operation

10.4.3  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 10.28 shows the register combinations used in buffer operation.
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Table 10.28 Register Combinationsin Buffer Operation

Channel Timer General Register Buffer Register

0 TGRA_O TGRC_0
TGRB_0 TGRD_0

3 TGRA_3 TGRC_3
TGRB_3 TGRD_3

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.

Thisoperation isillustrated in figure 10.12.

Compare match signal

’ Timer general N 4
Buffer register register )] Comparator K TCNT

Figure10.12 Compare Match Buffer Operation

When TGR isan input capture register
When input capture occurs, the valuein TCNT istransferred to TGR and the value previously
held in the timer general register is transferred to the buffer register.

This operation isillustrated in figure 10.13.

Input capture
signal

Timer general TCNT

Buffer register h
register

Figure 10.13 Input Capture Buffer Operation
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Example of Buffer Operation Setting Procedure: Figure 10.14 shows an example of the buffer

operation setting procedure.

( Buffer operation

)

Select TGR function

Set buffer operation

Start count

'

<Buffer operation>

[1] Designate TGR as an input capture register or
output compare register by means of TIOR.
[2] Designate TGR for buffer operation with bits
1 BFA and BFB in TMDR.
[3] Set the CST bit in TSTR to 1 start the count
operation.

[2]

(31

Figure 10.14 Example of Buffer Operation Setting Procedure

Rev. 4.00 Mar. 16, 2010 Page 214 of 606

REJ09B0155-0400

RENESAS




Section 10 16-Bit Timer Pulse Unit (TPU)

Examples of Buffer Operation:

1. When TGR is an output compare register
Figure 10.15 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 O
output at compare match B.
As buffer operation has been set, when compare match A occurs the output changes and the
valuein buffer register TGRC is simultaneously transferred to timer general register TGRA.
This operation is repeated each time that compare match A occurs.
For details of PWM modes, see section 10.4.5, PWM Modes.

TCNT value
S S it fioaso AT 2T “H'0520
Ho20o~" | . P
TGRA O |-—- : '
H'0000 : . Time

' HO0520 CoX

I H'0450

TGRC_0 H0200; ! H0450

rx ;
Transfer x E\ 5 E\
i :X

TGRA 0

H'0200

Figure 10.15 Example of Buffer Operation (1)
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2. When TGR isan input capture register
Figure 10.16 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 valueis stored in TGRA upon the
occurrence of input capture A, the value previously stored in TGRA is simultaneously
transferred to TGRC.

TCNT value

HIOFO7 | = - o= oo o e o e o e o e o e o

HOQFB - - cm oo e Ao

H'0532 f--mmmmmmogemmmmmm e BT

H'0000 Time

H'OF07 ;X H'09FB
\

H0532 X +roro7

TGRA | X H'0532

"/'

ToRe | X

Figure 10.16 Example of Buffer Operation (2)
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1044 Cascaded Operation

In cascaded operation, two 16-bit counters for different channels are used together as a 32-bit
counter.

This function works by counting the channel 1 (channel 4) counter clock upon overflow/underflow
of TCNT_2 (TCNT_5) asset in bits TPSCO to TPSC2 in TCR.

Underflow occurs only when the lower 16-bit TCNT isin phase-counting mode.
Table 10.29 shows the register combinations used in cascaded operation.

Note:  When phase counting mode is set for channel 1 or 4, the counter clock setting isinvalid
and the counters operates independently in phase counting mode.

Table 10.29 Cascaded Combinations

Combination Upper 16 Bits Lower 16 Bits
Channels 1 and 2 TCNT_1 TCNT_2
Channels 4 and 5 TCNT_4 TCNT_5

Example of Cascaded Operation Setting Procedure: Figure 10.17 shows an example of the
setting procedure for cascaded operation.

c ded . [1] Set bits TPSC2 to TPSCO in the channel 1
ascaded operation (channel 4) TCR to B'111 to select TCNT_2

| (TCNT_5) overflow/underflow counting.
[2] Set the CST bitin TSTR for the upper and lower
Set cascading [1] channel to 1 to start the count operation.

Start count [2]

!

<Cascaded operation>

Figure10.17 Cascaded Operation Setting Procedure
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Examples of Cascaded Operation: Figure 10.18 illustrates the operation when TCNT_2
overflow/underflow counting has been set for TCNT_1, when TGRA_1 and TGRA_2 have been
designated as input capture registers, and when TIOC pin rising edge has been selected.

When arising edge isinput to the TIOCA1 and TIOCAZ2 pins simultaneously, the upper 16 bits of
the 32-bit data are transferred to TGRA _1, and the lower 16 bitsto TGRA 2.

TCNT_1 1

clock

TCNT_1  HO03AL X H'03A2

TCNT_2 ] 1

clock

TCNT 2 HFFFE X H0000 X H0001
TIOCA2,

TIOCAL I L
TGRA_1 X H'03A2

TGRA_2 X H'0000

Figure 10.18 Example of Cascaded Operation (1)

Figure 10.19 illustrates the operation when TCNT _2 overflow/underflow counting has been set for
TCNT_1 and phase counting mode has been designated for channel 2.

TCNT _1lisincremented by TCNT_2 overflow and decremented by TCNT_2 underflow.

TCLKA _,—|—| I—,_

o — | — [ L
TCNT 2 FFFE 0000 X0001X 0002 X oooi X 0000 X FFFF X

TCNT 1 0000 X 0001 X o000

Figure 10.19 Example of Cascaded Operation (2)
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1045 PWM Modes

In PWM mode, PWM waveforms are output from the output pins. The output level can be selected
as0, 1, or toggle output in response to a compare match of each TGR.

TGR registers settings can be used to output a PWM waveform in the range of 0% to 100% duty
cycle.

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 IOC3to I0OCOin TIOR is
output from the TIOCA and TIOCC pins at compare matches A and C, and the output
specified by bits IOB3 to I0B0 and 10D3 to I0DO0 in TIOR is output at compare matches B
and D. Theinitial output valueisthe 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, amaximum 8-phase PWM output is possible.

PWM mode 2

PWM output is generated using one TGR as the cycle register and the others as duty cycle
registers. The output specified in TIOR is performed by means of compare matches. Upon
counter clearing by a duty cycle register compare match, the output value of each pin isthe
initial value set in TIOR. If the set values of the cycle and duty cycle registers are identical, the
output value does not change when a compare match occurs.

In PWM mode 2, a maximum 15-phase PWM output is possible in combination use with
synchronous operation.

The correspondence between PWM output pins and registersis shown in table 10.30.
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Table 10.30 PWM Output Registersand Output Pins

Output Pins

Channel Registers PWM Mode 1 PWM Mode 2

0 TGRA_O TIOCAO TIOCAO
TGRB_0O TIOCBO
TGRC_O TIOCCO TIOCCO
TGRD_0 TIOCDO

1 TGRA_1 TIOCA1 TIOCA1
TGRB_1 TIOCB1

2 TGRA_2 TIOCA2 TIOCA2
TGRB_2 TIOCB2

3 TGRA_3 TIOCA3 TIOCA3
TGRB_3 TIOCB3
TGRC_3 TIOCC3 TIOCC3
TGRD_3 TIOCD3

4 TGR4A_4 TIOCA4 TIOCA4
TGR4B_4 TIOCB4

5 TGRA S5 TIOCAS TIOCAS
TGRB_5 TIOCB5

Note: * In PWM mode 2, PWM output is not possible for the TGR register in which the period is

set.

Example of PWM Mode Setting Procedure: Figure 10.20 shows an example of the PWM mode
setting procedure.
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C 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.
| [3] Use TIOR to designate the TGR as an output
compare register, and select the initial value and
Select counter clearing source |[2] output value.
[4] Set the cycle in the TGR selected in [2], and set
| the duty in the other the TGR.

[5] Select the PWM mode with bits MD3 to MDO in

Select waveform output level | [3] TMDR.
| [6] Setthe CST bitin TSTR to 1 start the count
operation.
Set TGR [4]
Set PWM mode [5]
Start count [6]
<PWM mode>

Figure10.20 Example of PWM M ode Setting Procedure

Examples of PWM Mode Operation: Figure 10.21 shows an example of PWM mode 1
operation.

In this example, TGRA compare match is set asthe TCNT clearing source, 0 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 the TGRB registers
are used asthe duty cycle levels.

TCNT value Counter cleared by

/ TGRA compare match
TGRA | ememmm e e e e e e e e e e e

TGRB |-----
H'0000

TIOCA J |_i |_i |

Figure10.21 Example of PWM Mode Operation (1)

Time
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Figure 10.22 shows an example of PWM mode 2 operation.

In this example, synchronous operation is designated for channels 0 and 1, TGRB_1 compare
match is set asthe TCNT clearing source, and 0 is set for the initial output value and 1 for the
output value of the other TGR registers (TGRA_0to TGRD_0, TGRA 1), outputting a 5-phase
PWM waveform.

In this case, the value set in TGRB_1 is used as the cycle, and the values set in the other TGRs are
used as the duty cycle levels.

Counter cleared by
TCNT value / TGRB_1 compare match

TGRB_1
TGRA_1
TGRD_0
TGRC_0
TGRB_0
TGRA O |--
H'0000

noca | J IR i
m [

Figure 10.22 Example of PWM M ode Operation (2)
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Figure 10.23 shows examples of PWM waveform output with 0% duty cycle and 100% duty cycle

in PWM mode.

TCNT value

TGRA

TGRB rewritten

TCNT value

TGRA |f-------

———
_______________________ I
|
o - TGRB
TGRB rewrittén E 6&"_"@9_ o
L~ :

0% duty

TGRB rewritten
o—

Output does not change when cycle register and duty register
compare matches occur simultaneously

Time

TCNT value

TGRB rewritten

TGRA

100% duty

Output does not change when cycle register and duty
register compare matches occur simultaneously

TGRB rewritten

Time

TIOCA 4

100% duty

0% duty

TGRIIB rewritten

Figure 10.23 Example of PWM M ode Operation (3)
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1046 Phase Counting Mode

In phase counting mode, the phase difference between two external clock inputs is detected and
TCNT isincremented/decremented accordingly. This mode can be set for channels 1, 2, 4, and 5.

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
CKEGL1 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.

This can be used for two-phase encoder pulse input.

If overflow occurs when TCNT is counting up, the TCFV flag in TSR is set; if underflow occurs
when TCNT is counting down, the TCFU flag is set.

The TCFD hit in TSR is the count direction flag. Reading the TCFD flag reveals whether TCNT is
counting up or down.

Table 10.31 shows the correspondence between external clock pins and channels.

Table 10.31 Phase Counting M ode Clock Input Pins

External Clock Pins

Channels A-Phase B-Phase
When channel 1 or 5 is set to phase counting mode TCLKA TCLKB
When channel 2 or 4 is set to phase counting mode TCLKC TCLKD

Example of Phase Counting Mode Setting Procedur e: Figure 10.24 shows an example of the
phase counting mode setting procedure.

( Phase counting mode ) [1] Select phase counting mode with bits MD3 to
MDO in TMDR.

| [2] Setthe CST bitin TSTR to 1 to start the count
operation.

Select phase counting mode | [1]

Start count [2]

1

<Phase counting mode>

Figure 10.24 Example of Phase Counting M ode Setting Procedure
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Examples of Phase Counting M ode 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.

1. Phase counting mode 1

Figure 10.25 shows an example of phase counting mode 1 operation, and table 10.32
summarizes the TCNT up/down-count conditions.

TCLKA (channels 1 and 5) I I I I I I I I I I
TCLKC (channels 2 and 4)

TCLKB (channels 1 and 5) E T E T . E : E :
TCLKD (channels 2 and 4) -I : I I I I I I I I I I i I

TCNT value A A

Time

Figure 10.25 Example of Phase Counting Mode 1 Operation

Table 10.32 Up/Down-Count Conditionsin Phase Counting Mode 1

TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)
TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level i Up-count
Low level K
Y Low level
kR High level
High level 1 Down-count
Low level i
Y High level
kR Low level
Legend:
4 Rising edge
1_: Falling edge
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2. Phase counting mode 2

Figure 10.26 shows an example of phase counting mode 2 operation, and table 10.33

summarizes the TCNT up/down-count conditions.

TCLKA (channels 1 and 5)
TCLKC (channels 2 and 4) I

TCLKB (channels 1 and 5)

TCLKD (channels 2 and 4)

TCNT value

V Il

Time

Figure 10.26 Example of Phase Counting Mode 2 Operation

Table 10.33 Up/Down-Count Conditions in Phase Counting M ode 2

TCLKA (Channels 1 and 5)

TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level Y Don't care
Low level 1 Don’t care
i Low level Don'’t care
kR High level Up-count
High level kR Don't care
Low level 'y Don’t care
i High level Don’t care
kR Low level Down-count
Legend:
_§: Rising edge
1 : Falling edge

Rev. 4.00 Mar. 16, 2010 Page 226 of 606

REJ09B0155-0400

RENESAS




Section 10 16-Bit Timer Pulse Unit (TPU)

3. Phase counting mode 3

Figure 10.27 shows an example of phase counting mode 3 operation, and table 10.34
summarizes the TCNT up/down-count conditions.

TCLKA (channels 1 and 5)

TCLKC (channels 2 and 4) _I I_I l_,_|_|

TCLKB (channels 1 and 5) : . .
TCLKD (channels 2 and 4) ! i ' | | | | |_

TCNT value ; ! ! i i

: E ! ' Down-count

Time

Figure 10.27 Example of Phase Counting M ode 3 Operation

Table 10.34 Up/Down-Count Conditionsin Phase Counting Mode 3

TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)
TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level 'y Don’t care
Low level KR Don't care
Y Low level Don't care
K High level Up-count
High level K Down-count
Low level Y Don't care
Y High level Don't care
K Low level Don’t care
Legend:

4 Rising edge
“1_: Falling edge
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4. Phase counting mode 4

Figure 10.28 shows an example of phase counting mode 4 operation, and table 10.35
summarizes the TCNT up/down-count conditions.

TCLKA (channels 1 and 5) T T T T X
TCLKC((:hanneIsZand4)J ! I . I ! I . I ' I I I I i I I I . r

TCLKB (channels 1 and 5) | | | | |
TCLKD (channels 2 and 4) \ | h

TCNT value

Time

Figure 10.28 Example of Phase Counting M ode 4 Operation

Table 10.35 Up/Down-Count Conditionsin Phase Counting Mode 4

TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level 'y Up-count
Low level kR
Y Low level Don't care
N High level

High level 1 Down-count
Low level Y
Y High level Don't care
3 Low level

Legend:

4 Rising edge
1_: Falling edge
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Phase Counting Mode Application Example: Figure 10.29 shows an example in which channel
1isin phase counting mode, and channel 1 is coupled with channel 0 to input servo motor 2-phase
encoder pulsesin order to detect position or speed.

Channel 1 is set to phase counting mode 1, and the encoder pulse A-phase and B-phase are input
to TCLKA and TCLKB.

Channel 0 operates with TCNT counter clearing by TGRC_0 compare match; TGRA_0 and
TGRC_0 are used for the compare match function and are set with the speed control period and
position control period. TGRB_0 is used for input capture, with TGRB_0 and TGRD_0 operating
in buffer mode. The channel 1 counter input clock is designated as the TGRB_0 input capture
source, and the pulse widths of 2-phase encoder 4-multiplication pulses are detected.

TGRA_1 and TGRB_1 for channel 1 are designated for input capture, and channel 0 TGRA_0 and
TGRC_0 compare matches are selected as the input capture source and store the up/down-counter
values for the control periods.

This procedure enabl es the accurate detection of position and speed.
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Channel 1
TCLKA Edge
detection| TCNT_1
TCLKB circuit

TGRA 1
(speed period capture)

TGRB_1
(speed period capture)

ANA

I— TCNT_O

TGRA_O
(speed control period)

U
alic
|

TGRC_0

(position control period)

TGRB_0 (pulse width capture) C<]—

—[>—> TGRD_0 (buffer operation)

Channel O

Figure 10.29 Phase Counting Mode Application Example
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10.5 Interrupt Sources

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 enabl e/disabled
bit, allowing the generation of interrupt request signals to be enabled or disabled individualy.

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 thistime, an interrupt is requested. The
interrupt request is cleared by clearing the status flag to O.

Relative channel priorities can be changed by the interrupt controller, however the priority order
within achannel isfixed. For details, see section 5, Interrupt Controller.

Table 10.36 lists the TPU interrupt sources.
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Table 10.36 TPU Interrupts

Channel Name Interrupt Source Interrupt Flag ,Iil-tci:vation
0 TGIA_ 0 TGRA_O input capture/compare match TGFA_ O Possible
TGIB_0O  TGRB_0 input capture/compare match TGFB_0 Possible
TGIC_O  TGRC_O0 input capture/compare match TGFC_O0 Possible
TGID_0O  TGRD_O0 input capture/compare match TGFD_0 Possible
TCIV_O TCNT_O overflow TCFV_O Not possible
1 TGIA_1 TGRA_1 input capture/compare match TGFA_ 1 Possible
TGIB_1  TGRB_1 input capture/compare match TGFB_1 Possible
TCIV_1  TCNT_1 overflow TCFV_1 Not possible
TCIU_1  TCNT_1 underflow TCFU_1 Not possible
2 TGIA_2  TGRA_2 input capture/compare match TGFA_2 Possible
TGIB_2  TGRB_2 input capture/compare match TGFB_2 Possible
TCIV_2  TCNT_2 overflow TCFV_2 Not possible
TCIU_2  TCNT_2 underflow TCFU_2 Not possible
3 TGIA_3  TGRA_3 input capture/compare match TGFA_3 Possible
TGIB_3 TGRB_3 input capture/compare match TGFB_3 Possible
TGIC_3  TGRC_3 input capture/compare match TGFC_3 Possible
TGID_3  TGRD_3 input capture/compare match TGFD_3 Possible
TCIV_3 TCNT_3 overflow TCFV_3 Not possible
4 TGIA_4  TGRA_4 input capture/compare match TGFA 4 Possible
TGIB_4  TGRB_4 input capture/compare match TGFB_4 Possible
TCIV_4 TCNT_4 overflow TCFV_4 Not possible
TCIU_4  TCNT_4 underflow TCFU_4 Not possible
5 TGIA_ 5 TGRA_5 input capture/compare match TGFA 5 Possible
TGIB_5 TGRB_5 input capture/compare match TGFB_5 Possible
TCIV_5 TCNT_5 overflow TCFV_5 Not possible
TCIU_5  TCNT_5 underflow TCFU_5 Not possible
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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Input Capture/Compare Match Interrupt: Aninterrupt is requested if the TGIE bitin 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 16 input capture/compare match interrupts, four each for channels 0 and 3, and two each
for channels 1, 2, 4, and 5.

Overflow Interrupt: Aninterrupt is requested if the TCIEV bitin TIER is set to 1 when the
TCFV flagin TSR is set to 1 by the occurrence of TCNT overflow on achannel. The interrupt
regquest is cleared by clearing the TCFV flag to 0. The TPU has six overflow interrupts, one for
each channel.

Underflow Interrupt: Aninterrupt is requested if the TCIEU bit in TIER is set to 1 when the
TCFU flagin TSR is set to 1 by the occurrence of TCNT underflow on a channel. The interrupt
reguest is cleared by clearing the TCFU flag to 0. The TPU has four underflow interrupts, one
each for channels 1, 2, 4, and 5.

106 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 16 TPU input capture/compare match interrupts can be used as DTC activation sources,
four each for channels 0 and 3, and two each for channels 1, 2, 4, and 5.

10.7  A/D Converter Activation
The A/D converter can be activated by the TGRA input capture/compare match for a channel.

If the TTGE bitin TIER is set to 1 when the TGFA flagin TSR is set to 1 by the occurrence of a
TGRA input capture/compare match on a particular channel, arequest to begin A/D conversion is
sent to the A/D converter. If the TPU conversion start trigger has been selected on the A/D
converter side at thistime, A/D conversion is begun.

In the TPU, atotal of six TGRA input capture/compare match interrupts can be used as A/D
converter conversion start sources, one for each channel.
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10.8  Operation Timing

10.8.1  Input/Output Timing

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.

Internal clock ( | ) Falling edge (I) Rising edge |

TCNT | | | | | |
input clock

TCNT N-1 X N X N+1 X N+2

Figure10.30 Count Timing in Internal Clock Operation

S I I I O A S I
External clockj) Falling edge (I) Rising edge (I) Falling edge

TCNT | | | | | |
input clock

TCNT N-1 X N X N+1 X N+2

Figure 10.31 Count Timingin External Clock Operation
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Output Compare Output Timing: A compare match signd is generated in thefinal statein
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. After amatch 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.

TCNT | |

input clock

TCNT N X N+1

TGR

Compare | |

match signal

TIOC pin X

Figure 10.32 Output Compare Output Timing

Input Capture Signal Timing: Figure 10.33 shows input capture signal timing.

o UL L e
Input capture

input | |
Input capture [ [

signal | |

TCNT X N X Nt X Nz | X }C
TGR X N X N+2

Figure 10.33 Input Capture Input Signal Timing
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Timing for Counter Clearing by Compare Match/Input Capture: Figure 10.34 shows the
timing when counter clearing on compare match is specified, and figure 10.35 shows the timing
when counter clearing on input capture is specified.

S O O
Compare | |
match signal

Counter ‘ |
clear signal

TCNT N X H'0000

TGR N

Figure 10.34 Counter Clear Timing (Compare Match)

Input capture I

signal |
Counter clear E |
signal .

TCNT N X H'0000
TGR X N

Figure10.35 Counter Clear Timing (Input Capture)
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Buffer Operation Timing: Figures 10.36 and 10.37 show the timing in buffer operation.

o Uy

TCNT n X n+1
Compare ‘ |

match signal

TGRA, X N

TGRB n -

TGRC, N .

TGRD .

Figure10.36 Buffer Operation Timing (Compare Match)

(O [ I O A

sonal ] |
~
)

TCNT N X Nt

122@’ noo X N N+1
TGRC,

TGRD X n X N

Figure 10.37 Buffer Operation Timing (Input Capture)

10.8.2 Interrupt Signal Timing

TGF Flag Setting Timing in Case of Compare Match: Figure 10.38 shows the timing for
setting of the TGF flag in TSR on compare match, and TGI interrupt request signal timing.
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L I O O O O I O O
TCNT input | |
clock

TCNT N X N+1
TGR N

Compare |_|

match signal

TGF flag |

TGl interrupt |

Figure10.38 TGI Interrupt Timing (Compare Match)

TGF Flag Setting Timing in Case of Input Capture: Figure 10.39 shows the timing for setting
of the TGF flag in TSR on input capture, and TGI interrupt request signal timing.

SN U A I 0 A O A I
Input capture |
signal |

TCNT N

TGR ' X N

TGF flag |

TGl interrupt |

Figure10.39 TGI Interrupt Timing (Input Capture)
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TCFV Flag/TCFU Flag Setting Timing: Figure 10.40 shows the timing for setting of the TCFV
flag in TSR on overflow, and TCIV interrupt request signal timing.

Figure 10.41 shows the timing for setting of the TCFU flag in TSR on underflow, and TCIU
interrupt request signal timing.

; [ O O I
TCNT input | |
clock

TCNT H'FFFF X H'0000
(overflow)

Overflow | |

signal

TCFV flag

TCIV interrupt

Figure10.40 TCIV Interrupt Setting Timing

' ST L L L L e L
TCNT | |
input clock

TCNT : -
(underflow) H'0000 X H'FFFF
Underflow I_l

signal

TCFU flag |

TCIU interrupt |

Figure10.41 TCIU Interrupt Setting Timing
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Status Flag Clearing Timing: After astatusflag isread as 1 by the CPU, it is cleared by writing
0toit. When the DTC 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.

TSR write cycle

T1 T
T UL
Address X TSR address X
Write signal | |
Status flag |
Interrupt |
request
signal

Figure10.42 Timing for Status Flag Clearing by CPU

DTC DTC
read cycle write cycle

T g T T T2
I I 1 I |

T L L
Destination
Address X Source address X address )( B

Status flag |

Interrupt |
request
signal

Figure 10.43 Timing for Status Flag Clearing by DTC Activation
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109 Usage Notes

109.1 Module Stop Mode Setting

TPU operation can be disabled or enabled using the module stop control register. The initial
setting is for TPU operation to be halted. Register accessis enabled by clearing module stop
mode. For details, refer to section 22, Power-Down Modes.

10.9.2 Input Clock Restrictions

The input clock pulse width must be at least 1.5 statesin 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 at narrower
pulse widths.

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
1 Overlap Z%ﬁggZOverlapl %Egg : i Pulse width i Pulse width |
TCLKA i ' i — i
(TCLKC) | ! I ! | ! ! I i |
TCLKB i ! ' —
(TCLKD)
E Pulse width E E Pulse width E

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 M ode
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10.9.3  Caution on Period Setting

When counter clearing on 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:

fz_ &
(N+1)

Where  f : Counter frequency
¢ : Operating frequency
N :TGR set value
1094 Conflict 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
Ty T2

fe——t—
' S L L L
Address X TCNT address X

Write signal | |
Counter clear | |
signal

TCNT N X H'0000

Figure 10.45 Conflict between TCNT Writeand Clear Operations
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1095 Conflict between TCNT Write and I ncrement Operations

If incrementing occursin the T, state of aTCNT write cycle, the TCNT write takes precedence

and TCNT is not incremented.

Figure 10.46 shows the timing in this case.

Address

Write signal

TCNT input
clock

TCNT

TCNT write cycle

T T2

ISR NS

X TCNT address X

L
[

N X M
A

TCNT write data’

Figure 10.46 Conflict between TCNT Write and I ncrement Operations
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10.9.6  Conflict between TGR Writeand Compare Match

If acompare match occursin the T, state of a TGR write cycle, the TGR write takes precedence
and the compare match signal isinhibited. A compare match does not occur even if the previous
value is written.

Figure 10.47 shows the timing in this case.

TGR write cycle

T T2
L L
Address X TGR address X
Write signal | |
Compare : i=—— Prohibited
match signal H
TCNT N X N+1
TGR N X P M

TGR write data

Figure 10.47 Conflict between TGR Write and Compare Match
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10.9.7  Conflict between Buffer Register Write and Compare Match

If acompare match occursin the T, state of a TGR write cycle, the data that is transferred to TGR
by the buffer operation will be that in the buffer prior to the write.

Figure 10.48 shows the timing in this case.

TGR write cycle

T T2

o JUHUU UL L L
Buffer register
Address X address X

Write signal

match signal

Buffer register write data

-~

Buffer
register

TGR X

L
Compare I_l
X

z41=

Figure 10.48 Conflict between Buffer Register Write and Compare Match

Rev. 4.00 Mar. 16, 2010 Page 245 of 606
REJ09B0155-0400
RENESAS



Section 10 16-Bit Timer Pulse Unit (TPU)

10.9.8 Conflict between TGR Read and Input Capture

If an input capture signal is generated in the T, state of a TGR read cycle, the data that is read will
be that in the buffer after input capture transfer.

Figure 10.49 shows the timing in this case.

TGR read cycle

T1 T2
S L L e
Address X TGR address X

Read signal | |
Input capture | |
signal

TGR X X M

Internal X M X

data bus

Figure10.49 Conflict between TGR Read and Input Capture
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10.9.9 Conflict between TGR Writeand Input Capture

If an 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

Ty T,
' S L L
Address X TGR address X

Write signal | |
Input capture | |
signal

TCNT tM

TGR X M

Figure 10.50 Conflict between TGR Writeand Input Capture
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10.9.10 Conflict between Buffer Register Write and Input Capture

If an input capture signal is generated in the T, state of a buffer register 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

T T2

ST L L L L L
Buffer register
Address x address x

Write signal

L
Isrl1 g:; Icapture I_l
T
P
X
.
X

TCNT

TGR M

Buffer
register

Figure10.51 Conflict between Buffer Register Write and Input Capture
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10.9.11 Conflict between Overflow/Underflow and Counter Clearing

If overflow/underflow and counter clearing occur simultaneously, the TCFV/TCFU flagin 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 when H'FFFF is set in TGR.

S O A O
TCNT input | |
clock

TCNT H'FFFF X H'0000
Counter | |

clear signal

TGF |

Prohibited — T
TCFV '

Figure10.52 Conflict between Overflow and Counter Clearing
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10.9.12 Conflict between TCNT Write and Overflow/Underflow

If there is an up-count or down-count in the T, state of aTCNT write cycle, and
overflow/underflow occurs, the TCNT write takes precedence and the TCFV/TCFU flagin TSR is
not set.

Figure 10.53 shows the operation timing when there is conflict between TCNT write and
overflow.

TCNT write cycle

1 T | T |

I T 1
; i I e
Address X TCNT address X
Write signal | | ]

TCNT write data
.

TCNT HFFFF ) M

Prohibited — e mmemmmm—m——eeoo

TCFV flag 1

Figure 10.53 Conflict between TCNT Write and Overflow

10.9.13 Multiplexing of 1/0 Pins

InthisLSI, the TCLKA input pin is multiplexed with the TIOCCO I/O pin, the TCLKB input pin
with the TIOCDO I/O pin, the TCLK C input pin with the TIOCB1 1/0 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.

10.9.14 Interruptsin 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 or the DTC activation source. Interrupts should therefore be
disabled before entering modul e stop mode.
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Section 11 8-Bit Timers

ThisLSI has an on-chip 8-bit timer module with four channels operating on the basis of an 8-bit
counter.

The 8-bit timer module can be used to count external events and be used as a multifunction timer
in avariety of applications, such as generation of counter reset, interrupt requests, and pulse
output with an arbitrary duty cycle using a compare-match signal with two registers.

11.1 Features

Selection of clock sources
Selected from three internal clocks (¢/8, $/64, and ¢$/8192) and an external clock.

Selection of three ways to clear the counters
The counters can be cleared on compare-match A or B, or by an external reset signal.
Timer output controlled by two compare-match signals

The timer output signal in each channel is controlled by two independent compare-match
signals, enabling the timer to be used for various applications, such as the generation of pulse
output or PWM output with an arbitrary duty cycle.

Cascading of the two channels
— Cascading of TMR_1and TMR 0O

The module can operate as a 16-bit timer using TMR_0 as the upper half and TMR_1 as
the lower half (16-bit count mode).

TMR_1 can be used to count TMR_0 compare-match occurrences (compare-match count
mode).

— Cascading of TMR_3and TMR 2

The module can operate as a 16-bit timer using TMR_2 as the upper half and TMR_3 as
the lower half (16-bit count mode).

TMR_3 can be used to count TMR_2 compare-match occurrences (compare-match count
mode).

Multiple interrupt sources for each channel

Two compare-match interrupts and one overflow interrupt can be requested independently.
Generation of A/D conversion start trigger

Channel 0 compare-match A signal can be used asthe A/D conversion start trigger.
Module stop mode can be set

At initialization, the 8-bit timer operation is halted. Register accessis enabled by canceling the
module stop mode.
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Section 11 8-Bit Timers

Figure 11.1 shows a block diagram of the 8-bit timer module (TMR_1 and TMR_0).

sources

External clock

Internal clock

sources

AID conversion start
request signal

Legend:

TCORA _0:
TCORB_0:
TCNT_O:
TCSR_0:
TCR_0:

TMO1 ~——| Control logic

TMCIO1 0/8
/64
/8192
Clock 1
Clock 0
Clock select
- [ Tcora_o TCORA 1 k=
Compare-match Al k) k)
Compare-match A0 [Comparator A_ omparator A_
TMOO ~— Overflow 1 (ﬁ (ﬁ Ve
TMRIOL —» Overflow 0 [ tonto | Ttonta K

—— Y U

Compare-match B1 \/
Compare-match B0 [Comparator qu:komparator BJl

A A
[ Tcore o |H 7Tcors1 KT

3 TcsrRo | TCsR1 K
e— U = T e

|—> CMIAO

— CMIBO
— OVIO

—— CMIAl
—————————=CMIB1

——————=o0vi1

Interrupt signals

Time constant register A_0 TCORA_1: Time constant register A_1
Time constant register B_0 TCORB_1: Time constant register B_1
Timer counter_0 TCNT_1: Timer counter_1

Timer control/status register_0 TCSR_1: Timer control/status register_1
Timer control register_0 TCR_1: Timer control register_1

Internal bus

Figure11.1 Block Diagram of 8-Bit Timer Module
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11.2  Input/Output Pins
Table 11.1 summarizes the input and output pins of the 8-bit timer module.

Table11.1 Pin Configuration

Channel Name Symbol  I/O Function

0 Timer output TMOO0 Output  Output controlled by compare-match
1 Timer output TMO1 Output  Output controlled by compare-match
Commonto Timerclockinput  TMCIO1  Input External clock input for the counter
Oand1 Timer resetinput  TMRIO1  Input External reset input for the counter
2 Timer output TMO2 Output  Output controlled by compare-match
3 Timer output TMO3 Output  Output controlled by compare-match
Commonto Timerclockinput  TMCI23  Input External clock input for the counter
2and3 Timer resetinput ~ TMRI23  Input External reset input for the counter

11.3 Register Descriptions

The 8-bit timer has the following registers. For the addresses of these registers and information on
the register states in different operating modes, see section 23, List of Registers.

e Timer counter 0 (TCNT_0)

e Time constant register A_0 (TCORA_0)
e Time constant register B_0 (TCORB_0)
e Timer control register_0 (TCR_0)

e Timer control/status register 0 (TCSR_0)
e Timer counter_1 (TCNT_1)

e Time constant register A_1 (TCORA _1)
e Time constant register B_1 (TCORB_1)
e Timer control register_1 (TCR_1)

e Timer control/status register_1 (TCSR_1)
e Timer counter 2 (TCNT_2)

e Time constant register A_2 (TCORA_2)
e Time constant register B_2 (TCORB_2)

e Timer control register_2 (TCR_2)

e Timer control/statusregister 2 (TCSR_2)
e Timer counter_3 (TCNT_3)
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e Time constant register A_3 (TCORA_3)
e Time constant register B_3 (TCORB_3)
e Timer control register_3 (TCR_3)

e Timer control/status register 3 (TCSR_3)

11.31 Timer Counters(TCNT)

Each TCNT isan 8-bit up-counter. TCNT_1 and TCNT_0, or TCNT_3 and TCNT_2 comprise a
single 16-hit register, so they can be accessed together by word access.

This clock sourceis selected by clock select bits CKS2 to CKS0in TCR. TCNT can be cleared by
an external reset input signal or compare-match signals A and B. Counter clear bits CCLR1 and
CCLRO in TCR select the method of clearing.

When TCNT overflows from H'FF to H'00, the overflow flag (OVF) in TCSR is set to 1.

Theinitial value of TCNT is H'00.

11.3.2 TimeConstant Registers A (TCORA)

TCORA isan 8-hit readable/writable register. TCORA_3, TCORA_2, TCORA_1 and TCORA_0
comprise a single 16-hit register, so they can be accessed together by word access.

TCORA iscontinually compared with the value in TCNT. When a match is detected, the
corresponding compare-match flag A (CMFA) in TCSR is set. Note, however, that comparison is
disabled during the T, state of a TCORA write cycle.

The timer output from the TMO pin can be freely controlled by the compare-match signal A and
the settings of output select bits OS1 and OS0 in TCSR.

Theinitial value of TCORA is H'FF.

11.3.3 Time Constant RegistersB (TCORB)

TCORSB is an 8-hit readable/writable register. TCORB_3, TCORB_2, TCORB_1 and TCORB_0
comprise a single 16-hit register, so they can be accessed together by word access.

TCORSB is continually compared with the valuein TCNT. When amatch is detected, the
corresponding compare-match flag B (CMFB) in TCSR is set. Note, however, that comparison is
disabled during the T, state of a TCORB write cycle.
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The timer output from the TMO pin can be freely controlled by the compare-match signal B and
the settings of output select bits OS1 and OS0 in TCSR.

Theinitia value of TCORB is H'FF.

11.34 Timer Control Registers(TCR)

TCR selectsthe TCNT clock source and the time at which TCNT is cleared, and controlsinterrupt

requests.

Bit Bit Name

Initial
Value

R/W

Description

7 CMIEB

0

R/W

Compare-Match Interrupt Enable B

Selects whether the CMFB interrupt request (CMIB) is
enabled or disabled when the CMFB flag in TCSR is set
to 1.

0: CMFB interrupt request (CMIB) is disabled
1: CMFB interrupt request (CMIB) is enabled

6 CMIEA

R/W

Compare-Match Interrupt Enable A

Selects whether the CMFA interrupt request (CMIA) is
enabled or disabled when the CMFA flag in TCSR is set
to 1.

0: CMFA interrupt request (CMIA) is disabled
1: CMFA interrupt request (CMIA) is enabled

5 OVIE

R/W

Timer Overflow Interrupt Enable

Selects whether the OVF interrupt request (OVI) is
enabled or disabled when the OVF flag in TCSR is set to
1.

0: OVF interrupt request (OVI) is disabled
1: OVF interrupt request (OVI) is enabled

CCLR1
3 CCLRO

o

R/IW
R/W

Counter Clear 1 and 0

These bits select the method by which TCNT is cleared
00: Clearing is disabled

01: Cleared on compare-match A

10: Cleared on compare-match B

11: Cleared on rising edge of external reset input
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Initial
Bit Bit Name Value R/W Description
CKS2 0 R/W Clock Select2to 0
CKs1 0 R/W The input clock can be selected from three clocks divided
CKSO 0 RIW from the system clock (¢). When use of an external clock

is selected, three types of count can be selected: at the
rising edge, the falling edge, and both rising and falling
edges.

000: Clock input disabled
001: ¢/8 internal clock source, counted on the falling edge

010: ¢/64 internal clock source, counted on the falling
edge

011: ¢/8192 internal clock source, counted on the falling
edge

100: For channel 0: Counted on TCNT1 overflow signal®
For channel 1: Counted on TCNTO overflow signal®
For channel 2: Counted on TCNT3 overflow signal®
For channel 3: Counted on TCNT2 overflow signal®

101: External clock source, counted at rising edge

110: External clock source, counted at falling edge

111: External clock source, counted at both rising and
falling edges

Note: * If the count input of channel 0 (channel 2) is the TCNT1 (TCNT3) overflow signal and
that of channel 1 (channel 3) is the TCNT1 (TCNT3) compare-match signal, no
incrementing clock will be generated. Do not use this setting.
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11.35 Timer Control/Status Registers (TCSR)

TCSR indicates status flags and controls compare-match output.

e TCSR O
Initial
Bit Bit Name Value R/W

Description

*

7 CMFB 0 R/(W)

Compare-Match Flag B

[Setting condition]

e When TCNT = TCORB

[Clearing conditions]

¢ Read CMFB when CMFB = 1, then write 0 in CMFB.

e DTC is activated by the CMIB interrupt and the DISEL
bit =0 in MRB of TDC.

6 CMFA 0 R/(W)*

Compare-match Flag A

[Setting condition]

e When TCNT = TCORA

[Clearing conditions]

¢ Read CMFA when CMFA = 1, then write 0 in CMFA.

e DTC is activated by the CMIA interrupt and DISEL bit
=0in MRB of DTC.

*

5  OVF 0 R/(W)

Timer Overflow Flag

[Setting condition]

e When TCNT overflows from H'FF to H'00
[Clearing condition]

¢ Read OVF when OVF = 1, then write 0 in OVF

4 ADTE 0 R/W

A/D Trigger Enable

Enables or disables A/D converter start requests by
compare-match A.

0: A/D converter start requests by compare-match A are
disabled

1: A/D converter start requests by compare-match A are
enabled
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Initial
Bit Bit Name Value R/W Description
3 0s3 0 R/W Output Select 3 and 2
2 0Ss2 0 R/W These bits specify how the timer output level is to be
changed by a compare-match B of TCORB and TCNT.
00: No change when compare-match B occurs
01: 0 is output when compare-match B occurs
10: 1 is output when compare-match B occurs
11: Output is inverted when compare-match B occurs
(toggle output)
0os1 R/W Output Select 1 and 0
0so R/W These bits specify how the timer output level is to be

changed by a compare-match A of TCORA and TCNT.
00: No change when compare-match A occurs
01: 0 is output when compare-match A occurs
10: 1 is output when compare-match A occurs

11: Output is inverted when compare-match A occurs
(toggle output)

Note: * Only a 0 can be written to this bit, to clear the flag
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e TCSR 3and TCSR_1

Bit Bit Name

Initial
Value

R/W

Description

7 CMFB

0

RI(W)

*

Compare-Match Flag B

[Setting condition]

e When TCNT = TCORB

[Clearing conditions]

¢ Read CMFB when CMFB = 1, then write 0 in CMFB

e DTC is activated by the CMIB interrupt and the DISEL
bit =0 in MRB of DTC.

6 CMFA

0

RI(W)

*

Compare-match Flag A

[Setting condition]

e When TCNT = TCORA

[Clearing conditions]

¢ Read CMFA when CMFA = 1, then write 0 in CMFA

e DTC is activated by the CMIA interrupt and the DISEL
bit = 0 in MRB of DTC.

5 OVF

RI(W)

*

Timer Overflow Flag

[Setting condition]

e When TCNT overflows from H'FF to H'00
[Clearing condition]

¢ Read OVF when OVF = 1, then write 0 in OVF

Reserved
This bit is always read as 1 and cannot be modified.

0Ss3
0S2

R/W
R/W

Output Select 3 and 2

These bits specify how the timer output level is to be
changed by a compare-match B of TCORB and TCNT.

00: No change when compare-match B occurs
01: 0 is output when compare-match B occurs
10: 1 is output when compare-match B occurs

11: Output is inverted when compare-match B occurs
(toggle output)
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Initial
Bit Bit Name Value R/W Description
1 0s1 0 R/W Output Select 1 and 0
0 0so 0 R/W These bits specify how the timer output level is to be

changed by a compare-match A of TCORA and TCNT.
00: No change when compare-match A occurs
01: 0 is output when compare-match A occurs
10: 1 is output when compare-match A occurs

11: Output is inverted when compare-match A occurs
(toggle output)

Note: *

e TCSR 2
Initial
Bit Bit Name Value R/W

Only a 0 can be written to this bit, to clear the flag.

Description

7 CMFB 0

RI(W)*

Compare-Match Flag B

[Setting condition]

e When TCNT = TCORB

[Clearing conditions]

¢ Read CMFB when CMFB = 1, then write 0 in CMFB

e DTC is activated by the CMIB interrupt and the DISEL
bit =0 in MRB of DTC.

6 CMFA 0

RI(W)*

Compare-match Flag A

[Setting condition]

When TCNT = TCORA

[Clearing conditions]

¢ Read CMFA when CMFA = 1, then write 0 in CMFA

e DTC is activated by the CMIA interrupt and the DISEL
bit = 0 in MRB of DTC.

5 OVF 0

RI(W)*

Timer Overflow Flag

[Setting condition]

e When TCNT overflows from H'FF to H'00
[Clearing condition]

¢ Read OVF when OVF = 1, then write 0 in OVF
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Initial
Bit Bit Name Value R/W Description
4 — 0 R/W Reserved
This bit is a readable/writable bit, but the write value
should always be O.
0S3 0 R/W Output Select 3 and 2
0Ss2 0 R/W These bits specify how the timer output level is to be
changed by a compare-match B of TCORB and TCNT.
00: No change when compare-match B occurs
01: 0 is output when compare-match B occurs
10: 1 is output when compare-match B occurs
11: Output is inverted when compare-match B occurs
(toggle output)
0os1 0 R/W Output Select 1 and 0
0so 0 R/W These bits specify how the timer output level is to be

changed by a compare-match A of TCORA and TCNT.
00: No change when compare-match A occurs
01: 0 is output when compare-match A occurs
10: 1 is output when compare-match A occurs

11: Output is inverted when compare-match A occurs
(toggle output)

Note: * Only a 0 can be written to this bit, to clear the flag.
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114  Operation

1141  Pulse Output
Figure 11.2 shows an example of arbitrary duty cycle pulse output.

1. Set TCRinCCR1to0and CCLROto 1toclear TCNT by a TCORA compare-match.

2. Set OS3to OSO hitsin TCSR to B'0110 to output 1 by a compare-match A and 0 by compare-
match B.

By the above settings, waveforms with the cycle of TCORA and the pulse width of TCRB can be
output without software intervention.

TMO I | | | | | |

Figure11.2 Example of Pulse Output
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11.5 Operation Timing

1151 TCNT Incrementation Timing

Figure 11.3 showsthe TCNT count timing with internal clock source. Figure 11.4 shows the
TCNT incrementation timing with external clock source. The pulse width of the external clock for
incrementation at signal edge must be at least 1.5 system clock (¢) periods, and at least 2.5 states
for incrementation at both edges. The counter will not increment correctly if the pulse width isless
than these values.

‘ e O e O O O O e

((
))
Internal clock —l (« | |

))
TCNT input \—L \—‘
clock ()f)

§
)CSSS )
TCNT N-1 5 N « X N+1

((

External clock _l )]
input pin (( | I_

TCNT input

clock f) S—

TCNT N-1 X . N X, N+1
— —

Figure11.4 Count Timingfor External Clock Input
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1152 Timing of CMFA and CMFB Setting When a Compare-Match Occurs

The CMFA and CMFB flagsin TCSR are set to 1 by a compare-match signal generated when the
TCOR and TCNT values match. The compare-match signal is generated at the last state in which
the match istrue, just before the timer counter is updated. Therefore, when TCOR and TCNT
match, the compare-match signal is not generated until the next incrementation clock input. Figure
11.5 shows the timing of CMF flag setting.

¢ S [ [ I s A
TCNT N X N+ 1

TCOR N

g;nm;Iare-match I_l

\

CMF |

Figure11.5 Timing of CMF Setting

11.5.3 Timing of Timer Output When a Compare-Match Occurs
When a compare-match occurs, the timer output changes as specified by the output select bits

(OS3 to OS0) in TCSR. Figure 11.6 shows the timing when the output is set to toggle at compare-
match A.

‘ T rrimrorore

Compare-match A «

signal )
™ RN
L

)}
Timer output I

pin

Figure11.6 Timing of Timer Output
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1154 Timing of Compare-Match Clear When a Compare-Match Occurs

TCNT is cleared when compare-match A or B occurs, depending on the setting of the CCLR1 and
CCLRO bitsin TCR. Figure 11.7 shows the timing of this operation.

¢ B I 6 I

Compare-match | |
signal \
TCNT N X H00

Figure11.7 Timing of Compare-Match Clear

1155 TCNT External Reset Timing

TCNT iscleared at the rising edge of an external reset input, depending on the settings of the
CCLR1 and CCLRO hitsin TCR. The width of the clearing pulse must be at least 1.5 states. Figure
11.8 shows the timing of this operation.

¢ I I I I I

External reset |
input pin

Clear signal

TCNT N-1 X N X H00

Figure11.8 Timing of Clearing by External Reset I nput
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1156 Timing of Overflow Flag (OVF) Setting

OVFin TCSRis set to 1 when the timer count overflows (changes from H'FF to H'00). Figure
11.9 shows the timing of this operation.

¢ I I

TCNT HEF X H'00

Overflow signal I |

\

OVF |

Figure11.9 Timing of OVF Setting
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116  Operation with Cascaded Connection

If bits CKS2 to CKSOinoneof TCR_1and TCR 0, or TCR_3 and TCR_2 are set to B'100, the 8-
bit timers of the two channels are cascaded. With this configuration, a single 16-bit timer can be
used (16-bit timer mode) or compare-matches of 8-bit channel 0 (Channel 2) can be counted by
the timer of channel 1 (Channel 3) (compare-match count mode). In the case that channel 0 is
connected to channel 1 in cascade, the timer operates as described below.

11.6.1 16-Bit Count Mode

When bits CKS2 to CKS0 in TCR_O are set to B'100, the timer functions as a single 16-bit timer
with channel 0 occupying the upper 8 bits and channel 1 occupying the lower 8 bits.

e Setting of compare-match flags
— The CMF flag in TCSR_0 is set to 1 when a 16-bit compare-match occurs.
— The CMF flag in TCSR_1 is set to 1 when alower 8-bit compare-match occurs.
e Counter clear specification
— If the CCLR1 and CCLRO bitsin TCR_0 have been set for counter clear at compare-match,
the 16-bit counter (TCNT_1 and TCNT _O together) is cleared when a 16-bit compare-
match occurs. The 16-bit counter (TCNT_1 and TCNT_0 together) is cleared even if
counter clear by the TMRIO1 pin has also been set.
— The settings of the CCLR1 and CCLRO bitsin TCR_1 areignored. The lower 8 bits cannot
be cleared independently.
e Pinoutput
— Control of output from the TMOO pin by bits OS3 to OS0in TCSR_0 isin accordance with
the 16-bit compare-match conditions.
— Control of output from the TMOL1 pin by bits OS3 to OS0in TCSR_1 isin accordance with
the lower 8-bit compare-match conditions.

11.6.2 Compare-Match Count Mode

When bits CKS2 to CKS0 in TCR_1 are B'100, TCNT_1 counts compare-match A for channel O.
Channels 0 and 1 are controlled independently. Conditions such as setting of the CMF flag,
generation of interrupts, output from the TMO pin, and counter clearing are in accordance with the
settings for each channel.
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11.7  Interrupt Sources

11.7.1  Interrupt Sourcesand DTC Activation

The 8-bit timer can generate three types of interrupt: CMIA, CMIB, and OVI. Table 11.2 shows
the interrupt sources and priority. Each interrupt source can be enabled or disabled independently
by interrupt enable bitsin TCR. Independent signals are sent to the interrupt controller for each
interrupt. It is also possible to activate the DTC by means of CMIA and CMIB interrupts.

Table11.2 8-Bit Timer Interrupt Sources

Interrupt Interrupt
source Description Flag DTC Activation Priority
CMIAO TCORA_0 compare-match CMFA Possible High
CMIBO TCORB_0 compare-match CMFB Possible 4
QoVIo TCNT_O overflow OVF Not possible

CMIAL TCORA_1 compare-match CMFA Possible

CMIB1 TCORB_1 compare-match CMFB Possible

ovii TCNT_1 overflow OVF Not possible

CMIA2 TCORA_2 compare-match CMFA Possible

CMIB2 TCORB_2 compare-match CMFB Possible

oVI2 TCNT_2 overflow OVF Not possible

CMIA3 TCORA _3 compare-match CMFA Possible

CMIB3 TCORB_3 compare-match CMFB Possible

OoVI3 TCNT_3 overflow OVF Not possible Low

11.7.2  A/D Converter Activation
The A/D converter can be activated only by channel 0 compare match A.

If the ADTE hit in TCSRO is set to 1 when the CMFA flag is set to 1 by the occurrence of channel
0 compare match A, arequest to start A/D conversion is sent to the A/D converter. If the 8-bit
timer conversion start trigger has been selected on the A/D converter side at thistime, A/D
conversion is started.
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11.8  Usage Notes

11.8.1 Conflict between TCNT Write and Clear

If atimer counter clock pulse is generated during the T, state of a TCNT write cycle, the clear
takes priority, so that the counter is cleared and the write is not performed. Figure 11.10 shows
this operation.

TCNT write cycle by CPU
T, L T, v

| | |
; B I N I S I B

Address x TCNT address X

Internal write signal | |
Counter clear signal | |

TCNT N X H'00

Figure11.10 Conflict between TCNT Write and Clear
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11.8.2 Conflict between TCNT Write and I ncrement

If atimer counter clock pulse is generated during the T, state of a TCNT write cycle, the write
takes priority and the counter is not incremented. Figure 11.11 shows this operation.

TCNT write cycle by CPU
Ty

T,

¢ i I

Address

X

TCNT address

>

Internal write signal

TCNT input clock

I
[

TCNT N

A

). 4

M

Counter write data

Figure11.11 Conflict between TCNT Writeand I ncrement
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11.8.3 Conflict between TCOR Write and Compare-Match

During the T, state of a TCOR write cycle, the TCOR write has priority even if a compare-match
occurs and the compare-match signal is disabled. Figure 11.12 shows this operation.

TCOR write cycle by CPU

L T ! T |

| | |
0 L LI 11
Address x TCOR address X
Internal write signal | I
TCNT N X N+1
TCOR N X LY

TCOR write data

Compare-match signal ' :\

Prohibited

Figure11.12 Conflict between TCOR Write and Compare-Match

11.84  Conflict between Compare-Matches A and B

If compare-matches A and B occur at the same time, the 8-bit timer operates in accordance with
the priorities for the output states set for compare-match A and compare-match B, as shown in
table 11.3.

Table11.3 Timer Output Priorities

Output Setting Priority
Toggle output High

1 output

0 output

No change Low
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11.85  Switching of Internal Clocksand TCNT Operation

TCNT may increment erroneously when the internal clock is switched over. Table 11.4 shows the
relationship between the timing at which the internal clock is switched (by writing to the CKS1
and CK SO bits) and the TCNT operation.

When the TCNT clock is generated from an internal clock, the falling edge of the internal clock
pulseis detected. If clock switching causes a change from high to low level, as shownin no. 3in
table 11.4, aTCNT clock pulseis generated on the assumption that the switchover isafalling
edge. Thisincrements TCNT.

Erroneous incrementation can also happen when switching between internal and external clocks.

Table11.4 Switching of Internal Clock and TCNT Operation

Timing of Switchover
by Means of CKS1

No. and CKSO Bits TCNT Clock Operation
1 Switching from low Clock before ] | | | | |
itchover .
to |OW*1 switc :
Clock after !
switchover r
TCNT clock 5
TCNT NX N+1 X
CKS bit rewrite
2 Switching from low Clock before ] | | | | |
; itchover .
to hlgh*z switc
Clock after
switchover i
TCNT clock 5
TCNT N X N+1 X N+2 X

CKS bit rewrite
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Timing of Switchover
by Means of CKS1
No. and CKSO Bits

TCNT Clock Operation

3 Switching from high
to low**

Clock before -
switchover J I_I E I I I

Clock after !

switchover

TCNT clock T ﬂ—l
N

TCNT N X N+10 X N+2 X

CKS bit rewrite

4 Switching from high
to high

Clock before -
switchover J I I I I E I

Clock after
switchover

TCNT clock

TCNT NoOX N+1 o X N+ 2 X

CKS bit rewrite

Notes: 1. Includes switching from low to stop, and from stop to low.
2. Includes switching from stop to high.
3. Includes switching from high to stop.
4. Generated on the assumption that the switchover is a falling edge; TCNT is

incremented.

11.86 Conflict between Interruptsand 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 or the DTC activation source. Interrupts should therefore be
disabled before entering modul e stop mode.

11.8.7 Noteson Cascaded Connection

If 16-bit count mode and compare-match count mode are set simultaneoudly, the counter stops and
does not operate since input clocks of TCNT_1 and TCNT_0 (TCNT_3 and TCNT_2) are not
generated. This setting is prohibited.
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Section 12 Programmable Pulse Generator (PPG)

Section 12 Programmable Pulse Generator (PPG)

The programmable pulse generator provides pulse outputs using the 16-bit timer pulse unit (TPU)
as atime base. The PPG pulse outputs are divided into 4-bit groups (group 3 and group 2) that can
operate both ssmultaneously and independently. The block diagram of the PPG is shown in figure
12.1.

121  Features

e 8-hit output data

e Two output groups

e Selectable output trigger signals

¢ Non-overlap mode

e Can operate in tandem with the data transfer controller (DTC)
e Settable inverted output

e Module stop mode can be set

PPGO0000A_000020020300 Rev. 4.00 Mar. 16, 2010 Page 275 of 606
REJ09B0155-0400
RENESAS



Section 12 Programmable Pulse Generator (PPG)

PMR:
PCR:

NDRH:
NDRL:

Legend:

NDERH:
NDERL:

PODRH:
PODRL:

Compare match signals

ol

Pulse output
pins, group 0

PPG output mode register
PPG output control register
Next data enable register H
Next data enable register L
Next data register H

Next data register L

Output data register H
Output data register L

NDERH NDERL
Control logic PMR PCR

PO15 =—
PO14 -«+— Pulse output
PO13 =— pins, group 3
P2 I PODRH -~ NDRH -~ -1
PO10 <—{ Pulse output
PO9 ——{ pins, group 2
PO8 ~— . _____]

Pulse output

pins, group 1

-------------- PODRL - - NDRL -1

Internal
data bus

Figure12.1 Block Diagram of PPG
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12.2

I nput/Output Pins

Table 12.1 summarizes the pin configuration of the PPG.

Table12.1 Pin Configuration

Pin Name I/O Function

PO15 Output Group 3 pulse output
PO14 Output

PO13 Output

PO12 Output

PO11 Output Group 2 pulse output
PO10 Output

PO9 Output

PO8 Output

12.3  Register Descriptions

The PPG has the following registers. For the addresses of these registers and information on the

register statesin different operating modes, see section 23, List of Registers.

e PPG output control register (PCR)

e PPG output mode register (PMR)

e Next data enable register H (NDERH)
o Next dataenableregister L (NDERL)
e Output dataregister H (PODRH)

e Output dataregister L (PODRL)

e Next dataregister H (NDRH)
o Next dataregister L (NDRL)
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12.3.1 Next Data Enable RegistersH, L (NDERH, NDERL)

NDERH and NDERL are 8-bit readable/writable registers that enable or disable pulse output on a
bit-by-bit basis. The corresponding DDR also needs to be set to 1 in order to enable pul se output
by the PPG.

e NDERH

Bit Bit Name Initial Value R/W Description

7 NDER15 0 R/W Next Data Enable 15 to 8

6 NDER14 0 R/W When a bit is set to 1 for pulse output by NDRH,

5 NDER13 0 RIW the value in the corresponding NDRH bit is
transferred to the PODRH bit by the selected output

4 NDER12 0 RIW " trigger. Values are not transferred from NDRH to

3 NDER11 0 R/W PODRH for cleared bits.

2 NDER10 0 R/W

1 NDER9 0 R/W

0 NDERS 0 R/W

e NDERL

Bit Bit Name Initial Value R/W Description

7 NDER7 0 R/W Next Data Enable 7 to 0

6 NDERG6 0 R/W When a bit is set to 1 for pulse output by NDRL, the

5 NDER5S 0 RIW value in the corresponding NDRL bit is transferred
to the PODRL bit by the selected output trigger.

4 NDER4 0 RIW Values are not transferred from NDRL to PODRL

3 NDER3 0 R/W for cleared bits.

2 NDER2 0 R/W

1 NDER1 0 R/W

0 NDERO 0 R/W
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12.3.2 Output Data RegistersH, L (PODRH, PODRL)

PODRH and PODRL are 8-bit readable/writable registers that store output data for use in pulse
output. A hit that has been set for pulse output by NDER is read-only and cannot be modified.

e PODRH

Bit Bit Name Initial Value R/W Description

7 POD15 0 R/W Output Data Register 15 to 8

6 POD14 0 R/W For bits that have been set to pulse output by

5 POD13 0 RIW NDERH, the outpqt trigger transfe_rs NDRH values
to this register during PPG operation. While

4 POD12 0 RIwW NDERH is set to 1, the CPU cannot write to this

3 POD11 0 R/W register. While NDERH is cleared, the initial output

5 POD10 0 RIW value of the pulse can be set.

1 POD9 0 R/W

0 PODS8 0 R/W

e PODRL

Bit Bit Name Initial Value R/W Description

7 POD7 0 R/W Output Data Register 7 to 0

6 POD6 0 R/W For bits which have been set to pulse output by

5 POD5 0 RIW NDERL, the outpu_t trigger transfe_rs NDRI__ values
to this register during PPG operation. While NDERL

4 POD4 0 RIW is set to 1, the CPU cannot write to this register.

3 POD3 0 R/W While NDERL is cleared, the initial output value of

5 POD2 0 RIW the pulse can be set.

1 POD1 0 R/W

0 PODO 0 R/W
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1233 Next Data RegistersH, L (NDRH, NDRL)

NDRH and NDRL are 8-bit readable/writable registers that store the data for the next pulse output.
The NDR addresses differ depending on whether pulse output groups have the same output trigger
or different output triggers.

e NDRH

If pulse output groups 3 and 2 have the same output trigger, all eight bits are mapped to the
same address and can be accessed at one time, as shown below.

Bit Bit Name Initial Value R/W Description

7 NDR15 0 R/W Next Data Register 15 to 8

6 NDR14 0 R/W The register contents are transferred to the

5 NDR13 0 R/W corresponding PODRH bits by the output trigger
specified with PCR.

4 NDR12 0 R/W

3 NDR11 0 R/W

2 NDR10 0 R/W

1 NDR9 0 R/W

0 NDRS8 0 R/W

If pulse output groups 3 and output pulse groups 2 have different output triggers, the upper 4
bits and the lower 4 bits are mapped to different addresses, as shown below.

Bit Bit Name Initial Value R/W Description
NDR15 0 R/W Next Data Register 15 to 12
NDR14 0 R/W The register contents are transferred to the
NDR13 0 R/W corresponding PODRH bits by the output trigger
specified with PCR.
NDR12 0 R/W
3to — All 1 — Reserved

These bits are always read as 1 and cannot be
modified.
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Bit Bit Name Initial Value R/W Description

7to — All 1 — Reserved

4 These bits are always read as 1 and cannot be
modified.

3 NDR11 0 R/W Next Data Register 11 to 8

2 NDR10 0 R/W The register contents are transferred to the

1 NDR9 0 RIW corresponding PODRH bits by the output trigger
specified with PCR.

0 NDR8 0 R/W

e NDRL

If pulse output groups 1 and 0 have the same output trigger, all eight bits are mapped to the

same address and can be accessed at one time, as shown below.

Bit Bit Name Initial Value R/W Description

7 NDR7 0 R/W Next Data Register 7 to 0

6 NDR6 0 R/W The register contents are transferred to the

5 NDR5 0 R/W corresponding PODRL bits by the output trigger
specified with PCR.

4 NDR4 0 R/W

3 NDR3 0 R/W

2 NDR2 0 R/W

1 NDR1 0 R/W

0 NDRO 0 R/W

If pulse output groups 1 and output pulse groups 0 have different output triggers, upper 4 bits

and lower 4 hits are mapped to the different addresses as shown below.

Bit Bit Name Initial Value R/W Description

7 NDR7 0 R/W Next Data Register 7 to 4

6 NDR6 0 R/W The register contents are transferred to the

5 NDR5 0 R/W corresponding PODRL bits by the output trigger
specified with PCR.

4 NDR4 0 R/W

3to0 — All 1 — Reserved

These bits are always read as 1 and cannot be
modified.
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Bit Bit Name Initial Value R/W Description
7to — All 1 — Reserved
4

These bits are always read as 1 and cannot be
modified.

3 NDR3 0 R/W Next Data Register 3 to 0

2 NDR2 0 R/W The register contents are transferred to the

1 NDR1 0 RIW corresponding PODRL bits by the output trigger
specified with PCR.

0 NDRO 0 R/W

12.3.4  PPG Output Control Register (PCR)

PCR is an 8-hit readable/writable register that selects output trigger signals on a group-by-group
basis. For details on output trigger selection, refer to section 12.3.5, PPG Output Mode Register
(PMR).

Bit Bit Name Initial Value R/W Description
7 G3CMS1 1 R/W Group 3 Compare Match Select 1 and 0
6 G3CMSO0 1 R/W Select output trigger of pulse output group 3.

00: Compare match in TPU channel O
01: Compare match in TPU channel 1
10: Compare match in TPU channel 2
11: Compare match in TPU channel 3

5 G2CMS1 1 R/W Group 2 Compare Match Select 1 and 0
4 G2CMSO0 1 R/W Select output trigger of pulse output group 2.
00: Compare match in TPC channel O
01: Compare match in TPC channel 1
10: Compare match in TPC channel 2
11: Compare match in TPC channel 3
3 G1CMS1 1 R/W Reserved
2 G1CMSO0 1 R/W
1 GOCMS1 1 R/W Reserved
0 GOCMSO0 1 R/W
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12.35 PPG Output Mode Register (PMR)

The PMR is an 8-hit readable/writable register that selects the pulse output mode of the PPG for
each group. If inverted output is selected, alow-level pulseis output when PODRH is1 and a
high-level pulseis output when PODRH is 0. If non-overlapping operation is selected, PPG
updates its output values on compare match A or B of the TPU that becomes the output trigger.
For details, refer to section 12.4.5, Non-Overlapping Pulse Output.

Bit Bit Name

Initial Value

R/W

Description

7 G3INV

1

R/W

Group 3 Inversion

Selects direct output or inverted output for pulse
output group 3.

0: Inverted output
1: Direct output

6 G2INV

R/W

Group 2 Inversion

Selects direct output or inverted output for pulse
output group 2.

0: Inverted output
1: Direct output

All 1

R/W

Reserved

G3NOV

R/W

Group 3 Non-Overlap

Selects normal or non-overlapping operation for
pulse output group 3.

0: Normal operation (output values updated at
compare match A in the selected TPU channel)

1: Non-overlapping operation (output values at
compare match A or B in the selected TPU
channel)

2 G2NOV

R/W

Group 2 Non-Overlap

Selects normal or non-overlapping operation for
pulse output group 2.

0: Normal operation (output values updated at
compare match A in the selected TPU channel)

1: Non-overlapping operation (output values at
compare match A or B in the selected TPU
channel)

1,0 —

AllO

R/W

Reserved
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124  Operation

12.41 Overview

Figure 12.2 shows a block diagram of the PPG. PPG pulse output is enabled when the
corresponding bitsin PLDDR and NDER are set to 1. An initia output value is determined by its
corresponding PODR initial setting. When the compare match event specified by PCR occurs, the
corresponding NDR bit contents are transferred to PODR to update the output values.

The sequential output of up to 8 bits of datais possible by writing new output datato NDR before
the next compare match.

DDR NDER
Q

Output trigger signal

C
Q PODR Q NDR Dj+— Internal data bus

Pulse output pin

Normal output/inverted output

Figure12.2 PPG Output Operation
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12.42  Output Timing

If pulse output is enabled, the contents of NDR contents are transferred to PODR and output when
the specified compare match event occurs. Figure 12.3 shows the timing of these operations for
the case of normal output in groups 3 and 2, triggered by compare match A.

‘ [ Y o B
TCNT X N X N+1 X

TGRA N

Compare match | |

A signal

NDRH n

PODRH m X o
PO15 to PO8 m X n

Figure12.3 Timing of Transfer and Output of NDR Contents (Example)
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12.4.3

Sample Setup Procedurefor Normal Pulse Output

Figure 12.4 shows a sample procedure for setting up normal pulse output.

TPU setup <

Port and
PPG setup

C

Normal PPG output )

Select TGR functions

[t

Set TGRA value

[r21

Set counting operation

[&

Select interrupt request

(&

Set initial output data

&

Enable pulse output

@

Select output trigger

[

TPU setup

Set next pulse
output data

[8]

Start counter

[rer

Compare match?

Yes

Set next pulse
output data

[10]

[2
[3]

[4]

[5]

[6]

[7]

[8]

[9]

Set TIOR to make TGRA an output
compare register (with output
disabled).

Set the PPG output trigger period.

Select the counter clock source with
bits TPSC2 to TPSCO in TCR.
Select the counter clear source with
bits CCLR1 and CCLRO.

Enable the TGIA interrupt in TIER.
The DTC can also be set up to
transfer data to NDR.

Set the initial output values in
PODR.

Set the DDR and NDER bits for the
pins to be used for pulse output to 1.

Select the TPU compare match
event to be used as the output
trigger in PCR.

Set the next pulse output values in
NDR.

Set the CST bitin TSTR to 1 to start
the TCNT counter.

[10] At each TGIA interrupt, set the next

output values in NDR.

Figure12.4 Setup Procedurefor Normal Pulse Output (Example)
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1244  Example of Normal Pulse Output (Example of Five-Phase Pulse Output)

Figure 12.5 shows an example in which pulse output is used for cyclic five-phase pulse output.

TCNT value TCNT Compare match
TGRA

NDRH 80XO0X4oXeonoXsz10X18X08X88X80XCOX40
PODRH ooXaoXconmXeonoX30X1OX18XosXasXso;xcox

PO15 5 | | | | | |

Time

PO14 | 1 ,

PO13

PO12

PO11

Figure12.5 Normal Pulse Output Example (Five-Phase Pulse Output)

1. Set up TGRA of the TPU that is used as the output trigger to be an output compare register.
Set afrequency in TGRA so the counter will be cleared on compare match A. Set the TGIEA
bit of TIER to 1 to enable the compare match/input capture A (TGIA) interrupt.

2. Write H'F8 in PLDDR and NDERH, and set the G3CM S1, G3CM S0, G2CM S1, and G2CM S0
bitsin PCR to select compare match in the TPU channel set up in the previous step to be the
output trigger. Write output data H'80 in NDRH.

3. When compare match A occurs, the NDRH contents are transferred to PODRH and output.
The TGIA interrupt handling routine writes the next output data (H'C0O) in NDRH.

4. Five-phase overlapping pulse output (one or two phases active at atime) can be obtained
subsequently by writing H'40, H'60, H'20, H'30. H'10, H'18, H'08, H'88... at successive TGIA
interrupts. If the DTC is set for activation by this interrupt, pulse output can be obtained
without imposing aload on the CPU.
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12.45  Non-Overlapping Pulse Output
During non-overlapping operation, transfer from NDR to PODR is performed as follows:

e NDR hits are always transferred on PODR bits on compare match A.

e On compare match B, NDR bits are transferred only if their valueis 0. Bits are not transferred
if their valueis 1.

Figure 12.6 illustrates the non-overlapping pulse output operation.

DDR NDER
Q
Compare match A
Compare match B
C
Pulse Q PODR +1Q NDR Df«— Internal data bus
output

pin I
Normal output/inverted output

Figure12.6 Non-Overlapping Pulse Output

Therefore, 0 data can be transferred ahead of 1 data by making compare match B occur before
compare match A. The NDR contents should not be altered during the interval between compare
match B and compare match A (the non-overlap margin).

This can be accomplished by having the TGIA interrupt handling routine write the next datain
NDR, or by having the TGIA interrupt activate the DTC. Note, however, that the next data must
be written before the next compare match B occurs.

Figure 12.7 shows the timing of this operation.
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Compare match A

]

Compare match B

Write to NDR

M

Write to NDR

NDR

X

A

PODR

X A\

A

0 output  0/1 output 0 output  0/1 output
Write to NDR Write to NDR
Do not write 1€"® Do not write  here
to NDR here to NDR here

Figure12.7

Non-Overlapping Operation and NDR Write Timing
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12.4.6

Sample Setup Procedurefor Non-Overlapping Pulse Output

Figure 12.8 shows a sample procedure for setting up non-overlapping pul se output.

TPU setup <

PPG setup <

Non-overlapping
( PPG output )
) [
| Select TGR functions

|
| Set TGR values

| Set counting operation

\l Select interrupt request |[4]

.
| Set initial output data

| Enable pulse output

| Select output trigger
|

| Set non-overlapping groups | [8]
|

Set next pulse

[ m

[ 21

[ 31

| 51

[ o

| m

[9]

TPU setup

output data

| Start counter

| 2ol

ompare match A%

Set next pulse
output data

[11]

[1

[2]

[3]

[4]

[5]

[6]

[71

[8]

[9]

Set TIOR to make TGRA and
TGRB an output compare registers
(with output disabled).

Set the pulse output trigger period
in TGRB and the non-overlap
margin in TGRA.

Select the counter clock source
with bits TPSC2 to TPSCO in TCR.
Select the counter clear source
with bits CCLR1 and CCLRO.

Enable the TGIA interrupt in TIER.
The DTC can also be set up to
transfer data to NDR.

Set the initial output values in
PODR.

Set the DDR and NDER bits for the
pins to be used for pulse output to
1.

Select the TPU compare match
event to be used as the pulse
output trigger in PCR.

In PMR, select the groups that will
operate in non-overlap mode.

Set the next pulse output values in
NDR.

[10] Set the CST bitin TSTR to 1 to

start the TCNT counter.

[11] At each TGIA interrupt, set the next

output values in NDR.

Figure12.8 Setup Procedurefor Non-Overlapping Pulse Output (Example)
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12.4.7  Example of Non-Overlapping Pulse Output (Example of Four-Phase
Complementary Non-Overlapping Output)

Figure 12.9 shows an example in which pulse output is used for four-phase complementary non-
overlapping pulse output.

TCNT value
TGRB

Time

! ! ~— Non-overlap margin ! !
PO15 . L .

PO14 oo ' |

PO12 | | | C N | |

PO11

PO10

PO9

Figure 12.9 Non-Overlapping Pulse Output Example (Four-Phase Complementary)
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1. Set up the TPU channel to be used as the output trigger channel such that TGRA and TGRB
are output compare registers. Set the trigger period in TGRB and the non-overlap marginin
TGRA, and set the counter to be cleared on compare match B. Set the TGIEA bitin TIERto 1
to enable the TGIA interrupt.

2. Write H'FF in PADDR and NDERH, and set the G3CM S1, G3CM S0, G2CM S1, and G2CM S0
bitsin PCR to select compare match in the TPU channel set up in the previous step to be the
output trigger. Set the G3ANOV and G2NQV hitsin PMR to 1 to select non-overlapping output.
Write output data H'95 in NDRH.

3. Thetimer counter in the TPU channd starts. When a compare match with TGRB occurs,
outputs change from 1 to 0. When a compare match with TGRA occurs, outputs change from 0
to 1 (the changefrom O to 1 is delayed by the value set in TGRA). The TGIA interrupt
handling routine writes the next output data (H'65) in NDRH.

4. Four-phase complementary non-overlapping pulse output can be obtained subsequently by
writing H'59, H'56, H'95, ... at successive TGIA interrupts. If the DTC is set for activation by
thisinterrupt, pulse output can be obtained without imposing a load on the CPU.
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1248 Inverted Pulse Output

If the G3INV, G2INV, G1INV, and GOINV bitsin PMR are cleared to O, values that are the
inverse of the PODR contents can be output.

Figure 12.10 shows the outputs when G3INV and G2INV are cleared to O, in addition to the
settings of figure 12.9.

TCNT value
TGRB

TGRA
H'0000

NDRH

PODRL ; I I I I I I
w——1
P013§!!|I|!§E!!!||!

PO12

PO11 N
oo ;1;::::i_i::::;
R IR

Figure 12.10

Inverted Pulse Output (Example)
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1249  Pulse Output Triggered by Input Capture

Pulse output can be triggered by TPU input capture as well as by compare match. If TGRA
functions as an input capture register in the TPU channel selected by PCR, pulse output will be
triggered by the input capture signal.

Figure 12.11 shows the timing of this output.

o A I I I I

TIOC pin (D
\
Isr: g:; Icapture I_l
NDR N
PODR M X =N
PO M X N

Figure12.11 Pulse Output Triggered by Input Capture (Example)
125  Usage Notes

125.1 Module Stop Mode Setting

PPG operation can be disabled or enabled using the module stop control register. The initial
setting is for PPG operation to be halted. Register accessis enabled by clearing modul e stop mode.
For details, refer to section 22, Power-Down Modes.

1252 Operation of Pulse Output Pins

Pins PO15 to PO8 are also used for other peripheral functions such as the TPU. When output by
another peripheral function is enabled, the corresponding pins cannot be used for pulse output.
Note, however, that data transfer from NDR bits to PODR bits takes place, regardless of the usage
of the pins.

Pin functions should be changed only under conditions in which the output trigger event will not
occur.
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Section 13 Watchdog Timer

The watchdog timer (WDT) is an 8-bit timer that can generate an internal reset signal for thisLSl,
if a system crash prevents the CPU from writing to the timer counter, thus allowing it to overflow.

When this watchdog function is not needed, the WDT can be used as an interval timer. Ininterval
timer operation, an interval timer interrupt is generated each time the counter overflows.

The block diagram of the WDT is shown in figure 13.1.

131 Features
o Sclectable from eight counter input clocks.

e Switchable between watchdog timer mode and interval timer mode

In watchdog timer mode

e |f the counter overflows, it is possible to select whether this LS| isinternally reset or not.

In interval timer mode

e |f the counter overflows, the WDT generates an interval timer interrupt (WOVI).
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| Overflow

WOVl | Interupt «——0/64
(interrupt request control /128 '
signal) ! Clock Clock f«——0/512

select |«——$/2048

! /32768
Internal reset signal* -——|  Reset /131072
control
Internal clock
sources

[ RsTCsR |——,TTCNT f«—> TSCR |
é O O O Bus

Module bus interface

Internal bus

Legend:

TCSR: Timer control/status register
TCNT: Timer counter

RSTCSR: Reset control/status register

Note: * The type of internal reset signal depends on a register setting.

Figure13.1 Block Diagram of WDT

13.2 Register Descriptions

The WDT has the following three registers. For the addresses of these registers and information on
the register states in different operating modes, see section 23, List of Registers. To prevent
accidental overwriting, TCSR, TCNT, and RSTCSR have to be written to by a different method to
normal registers. For details, refer to section 13.5.1, Notes on Register Access.

e Timer control/status register (TCSR)
e Timer counter (TCNT)
e Reset control/status register (RSTCSR)

13.21 Timer Counter (TCNT)

TCNT isan 8-bit readable/writable up-counter. TCNT isinitialized to H'00 by areset, when the
TME bitin TCSRiscleared to O.
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13.2.2

Timer Control/Status Register (TCSR)

TCSR is an 8-hit readabl e/writable register. Its functions include selecting the clock source to be

input to TCNT, and selecting the timer mode.

Bit Bit Name Initial Value R/W Description
7 OVF 0 RI(W)*  Overflow Flag
Indicates that TCNT has overflowed. Only a write
of 0 is permitted, to clear the flag.
[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.
[Clearing condition]
e Cleared by reading TCSR when OVF = 1, then
writing 0 to OVF
6 WTAT 0 R/W Timer Mode Select
Selects whether the WDT is used as a watchdog
timer or an interval timer.
0: Interval timer mode
1: Watchdog timer mode
5 TME 0 R/W Timer Enable
When this bit is set to 1, TCNT starts counting.
When this bit is cleared, TCNT stops counting and
is initialized to H'00.
4,3 — All 1 — Reserved

These bits are always read as 1 and cannot be
modified.
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Bit Bit Name Initial Value R/W Description
CKS2 0 R/W Clock Select2to 0
CKS1 0 R/W Selects the clock source to be input to TCNT. The
CKSO 0 R/W overflow frequency for ¢ = 20 MHz is enclosed in
parentheses.

000: Clock ¢/2 (frequency: 25.6 us)

001: Clock ¢/64 (frequency: 819.2 pus)
010: Clock ¢/128 (frequency: 1.6 ms)
011: Clock ¢/512 (frequency: 6.6 ms)
100: Clock ¢/2048 (frequency: 26.2 ms)
101: Clock ¢/8192 (frequency: 104.9 ms)
110: Clock ¢/32768 (frequency: 419.4 ms)
111: Clock ¢/131072 (frequency: 1.68 s)

Note: * Only O can be written, for flag clearing.
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13.2.3

Reset Control/Status Register (RSTCSR)

RSTCSR is an 8-hit readable/writable register that controls the generation of the internal reset
signal when TCNT overflows, and selects the type of internal reset signal. RSTCSR isinitialized
to H'1F by areset signal from the RES pin, and not by the WDT internal reset signal caused by

overflows.
Bit Bit Name Initial Value R/W Description
7 WOVF 0 R/(W)*  Watchdog Overflow Flag
This bit is set when TCNT overflows in watchdog
timer mode. This bit cannot be set in interval timer
mode, and only 0 can be written.
[Setting condition]
e Setwhen TCNT overflows (changed from H'FF
to H'00) in watchdog timer mode
[Clearing condition]
e Cleared by reading RSTCSR when WOVF =1,
and then writing 0 to WOVF
6 RSTE 0 R/W Reset Enable
Specifies whether or not a reset signal is generated
in the chip if TCNT overflows during watchdog timer
operation.
0: Reset signal is not generated even if TCNT
overflows
(Though this LSl is not reset, TCNT and TCSR in
WDT are reset)
1: Reset signal is generated if TCNT overflows
5 RSTS 0 R/W Reset Select
Selects the type of internal reset generated if TCNT
overflows during watchdog timer operation.
0: Power-on reset
1: Setting prohibited
4to0 — All1 — Reserved
0 These bits are always read as 1 and cannot be
modified.
Note: * Only O can be written, for flag clearing.
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13.3  Operation

13.3.1 Watchdog Timer Mode Operation

To usethe WDT as awatchdog timer, set the WT/IT bit in TCSR and the TME bit to 1. Software
must prevent TCNT overflows by rewriting the TCNT value (normally by writing H'00) before
overflow occurs. Thisensuresthat TCNT does not overflow while the system is operating
normally. If TCNT overflows without being rewritten because of a system malfunction or other
error, the WOVF bit in RSTCSRis set to 1. If the RSTE bit in RSTCSR is set to 1, an internal
reset isissued. Thisisshown in figure 13.2. At thistime, select the power-on reset by clearing the
RSTSbitin RSTCSR to 0. Theinternal reset signal is output for 518 states.

If areset caused by asignal input to the RES pin occurs at the same time as a reset caused by a
WDT overflow, the reset by the RES pin has priority and the WOVF bit in RSTCSR is cleared to
0.

TCNT value
Overflow
o B 7 [
' b Time
TN IR
WT/T=1  Write H'00 WOVF=1 | WT/IT=1  Write H'00
TME=1 to TCNT . TME=1 to TCNT
internal reset is
generated |
Internal reset signal*
fe—]

518 states

Legend:
WT/IT: Timer mode select bit
TME: Timer enable bit

Note: * The internal reset signal is generated only if the RSTE bit is set to 1.

Figure 13.2 Example of WDTO Watchdog Timer Operation

13.3.2 Interval Timer Mode

When the WDT isused as an interval timer, an interval timer interrupt (WOVI) is generated each
time the TCNT overflows. Therefore, an interrupt can be generated at intervals.
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When the TCNT overflowsin interval timer mode, an interval timer interrupt (WOVI) is requested
at the time the OVF bit of the TCSR is set to 1.

13.4  Interrupts

During interval timer mode operation, an overflow generates an interval timer interrupt (WOVI).
Theinterval timer interrupt is requested whenever the OVF flagisset to 1in TCSR. OVF must be
cleared to O in the interrupt handling routine.

Table13.1 WADT Interrupt Source

Name Interrupt Source Interrupt Flag DTC Activation
WQOVI TCNT overflow WOVF Impossible

135 Usage Notes

135.1 Noteson Register Access

The watchdog timer’s TCNT, TCSR, and RSTCSR registers differ from other registersin being
more difficult to write to. The procedures for writing to and reading these registers are given
below.

Writing to TCNT, TCSR, and RSTCSR: Towriteto TCNT and TCSR, execute aword transfer
instruction. They cannot be written to by a byte transfer instruction.

TCNT and TCSR both have the same write address. Therefore, the relative condition shown in
figure 13.3 needs to be satisfied in order to writeto TCNT or TCSR. The transfer instruction
writes the lower byte datato TCNT or TCSR according to the satisfied condition.

To writeto RSTCSR, execute aword transfer instruction for address H'FF76. A byte transfer
instruction cannot writeto RSTCSR.

The method of writing 0 to the WOVF bit differs from that of writing to the RSTE and RSTS hits.
To write O to the WOVF bit, satisfy the condition shown in figure 13.3. If satisfied, the transfer
instruction clears the WOV bit to 0, but has no effect on the RSTE and RSTS bits. To write to
the RSTE and RST S hits, satisfy the condition shown in figure 13.3. If satisfied, the transfer
instruction writes the valuesin bits 6 and 5 of the lower byteinto the RSTE and RSTS hits,
respectively, but has no effect on the WOVF bit.
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TCNT write
Writing to RSTE and RSTS bits
Address: H'FF74;5 8 I 7 - 0
HEF76 H'5A Write data
TCSR write
Writing 0 to WOVF bit
15 8 7 0
Address: H'
HFF741 H'A5 | write data or H'00 |

HFF76

Figure13.3 Writingto TCNT, TCSR, and RSTCSR (Example for WDTO0)

Reading TCNT, TCSR, and RSTCSR (WDTOQ): 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.

1352 Conflict between Timer Counter (TCNT) Writeand I ncrement

If atimer 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 13.4 shows this operation.

TCNT write cycle
Tq | To |
[ I |

0 0 O I s
Address X X

TCNT input clock

Internal write signal | |

TCNT N X M

.4

[

Counter write data

Figure13.4 Conflict between TCNT Writeand I ncrement

Rev. 4.00 Mar. 16, 2010 Page 302 of 606
REJ09B0155-0400
RENESAS



Section 13 Watchdog Timer

1353 Changing Value of CKS2 to CK SO

If bits CKS2 to CKS0 in TCSR are written to while the WDT is operating, errors could occur in
the incrementation. Software must be used to stop the watchdog timer (by clearing the TME hit to
0) before changing the value of bits CKS2 to CKS0.

13.5.4  Switching between Watchdog Timer Mode and Interval Timer Mode

If the mode is switched from watchdog timer to interval timer while the WDT is operating, errors
could occur in the incrementation. Software must be used to stop the watchdog timer (by clearing
the TME bit to 0) before switching the mode.

1355 Internal Reset in Watchdog Timer Mode

ThisLSl isnot reset internally if TCNT overflows while the RSTE bit is cleared to 0 during
watchdog timer operation, however TCNT and TCSR of the WDT are reset.

TCNT, TCSR, or RSTCR cannot be written to for 132 states following an overflow. During this
period, any attempt to read the WOV F flag is not acknowledged. Accordingly, wait 132 states
after overflow to write 0 to the WOV F flag for clearing.

1356 OVF Flag Clearingin Interval Timer Mode

When the OVF flag setting conflicts with the OV F flag reading in interval timer mode, writing O
to the OVF bit may not clear the flag even though the OVF bit has been read whileit is 1. If there
isapossibility that the OVF flag setting and reading will conflict, such as when the OVF flag is
polled with the interval timer interrupt disabled, read the OVF bit whileit is 1 at least twice before
writing O to the OVF hit to clear the flag.
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Section 14 Serial Communication Interface (SCI)

This LS| has two independent serial communication interface (SCI) channels. The SCI can handle
both asynchronous and clocked synchronous serial communication. Serial data communication
can be carried out using standard asynchronous communication chips such as a Universal
Asynchronous Receiver/Transmitter (UART) or an Asynchronous Communication Interface
Adapter (ACIA). A function is also provided for serial communication between processors
(multiprocessor communication function). The SCI also supports an IC card (Smart Card)
interface conforming to 1SO/IEC 7816-3 (Identification Card) as a serial communication interface
extension function.

Figure 14.1 shows a block diagram of the SCI.

14.1 Features

e Choice of asynchronous or clocked synchronous serial communication mode
e Full-duplex communication capability

The transmitter and receiver are mutually independent, enabling transmission and reception to
be executed simultaneousdly.

Double-buffering is used in both the transmitter and the receiver, enabling continuous
transmission and continuous reception of serial data.

e On-chip baud rate generator allows any bit rate to be selected

External clock can be selected as atransfer clock source (except for in Smart Card interface
mode).

e Choice of LSB-first or MSB-first transfer (except in the case of asynchronous mode 7-bit data)
e Four interrupt sources

Transmit-end, transmit-data-empty, receive-data-full, and receive error — that can issue
requests.

The transmit-data-empty interrupt and receive-data-full interrupt can be used to activate the
data transfer controller (DTC).

e Module stop mode can be set
Asynchronous mode

e Datalength: 8 or 7 bits

e Stop bit length: 2 or 1 bits

e Parity: Even, odd, or none

e Receive error detection: Parity, overrun, and framing errors
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e Break detection: Break can be detected by reading the RxD pin level directly in the case of a
framing error

Clocked synchronous mode

e Datalength: 8 bits
e Receive error detection: Overrun errors detected

Smart Card interface

e Automatic transmission of error signal (parity error) in receive mode
e Error signal detection and automatic data retransmission in transmit mode
e Direct convention and inverse convention both supported

[0}
[}
@
5 Internal
Module data bus % data bus
‘0
>
| ror | | TDR | SCMR | Brr
SSR 0
SCR Baud rate
RxD —= [~ 04
[l rsr | [] TSR SMR generator ¢
Transmission/
%D reception control ¢/64
[Parity generation| t Clock |
Parity check
External clock
SCK
L——————— TEI
TXI
Legend: RXI
ERI

RSR: Receive shift register
RDR: Receive data register
TSR: Transmit shift register
TDR: Transmit data register
SMR: Serial mode register
SCR: Serial control register
SSR: Serial status register
SCMR: Smart Card mode register
BRR: Bit rate register

Figure14.1 Block Diagram of SCI
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142  Input/Output Pins
Table 14.1 shows the serial pinsfor each SCI channel.

Table14.1 Pin Configuration

Channel Pin Name* 110 Function

0 SCKO I/0 SCIO0 clock input/output
RxDO Input SCIO receive data input
TxDO Output SCIO0 transmit data output

2 SCK2 I/0 SCI2 clock input/output
RxD2 Input SCI2 receive data input
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.

14.3 Register Descriptions

The SCI has the following registers for each channel. For the addresses of these registers and
information on the register statesin different operating modes, see section 23, List of Registers.
The serial mode register (SMR), serial status register (SSR), and serial control register (SCR) are
described separately for normal serial communication interface mode and Smart Card interface
mode because their bit functions differ in part.

o Receive Shift Register (RSR)

e Receive Data Register (RDR)

e Transmit Data Register (TDR)

e Transmit Shift Register (TSR)

e Serial Mode Register (SMR)

e Seria Control Register (SCR)

e Serial Status Register (SSR)

e Smart Card Mode Register (SCMR)
¢ Bit Rate Register (BRR)
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1431 Receive Shift Register (RSR)

RSR is a shift register that is used to receive serial datainput to the RxD pin and convert it into
parallel data. When one byte of data has been received, it istransferred to RDR automatically.
RSR cannot be directly accessed by the CPU.

1432 Receive Data Register (RDR)

RDR is an 8-bit register that stores received data. When the SCI has received one byte of serial
data, it transfers the received serial datafrom RSR to RDR, where it is stored. After this, RSRis
receive-enabled. As RSR and RDR function as a double buffer in this way, continuous receive
operations are possible. After confirming that the RDRF bit in SSR is set to 1, read RDR only
once. RDR cannot be written to by the CPU.

14.3.3 Transmit Data Register (TDR)

TDR isan 8-bit register that stores data for transmission. When the SCI detects that TSR is empty,
it transfers the transmit datawritten in TDR to TSR and starts transmission. The double-buffered
structure of TDR and TSR enables continuous serial transmission. If the next transmit data has
already been written to TDR during serial transmission, the SCI transfers the written datato TSR
to continue transmission. Although TDR can be read or written to by the CPU at all times, to
achievereliable serial transmission, write transmit datato TDR only once after confirming that the
TDRE bitin SSRisset to 1.

14.34  Transmit Shift Register (TSR)

TSR isashift register that transmits 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. TSR cannot be
directly accessed by the CPU.
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1435 Serial Mode Register (SMR)
SMR is used to set the SCI’ s serial transfer format and select the baud rate generator clock source.

Some bit functions of SMR differ between normal serial communication interface mode and Smart
Card interface mode.

e Normal Serial Communication Interface Mode (When SMIF in SCMR Is 0)

Bit Bit Name Initial Value R/W Description
7 C/A 0 RIW Communication Mode
0: Asynchronous mode

1: Clocked synchronous mode

6 CHR 0 R/W Character Length (enabled only in asynchronous
mode)

0: Selects 8 bits as the data length

1: Selects 7 bits as the data length. LSB-first is
fixed and the MSB of TDR is not transmitted in
transmission

In clocked synchronous mode, a fixed data length
of 8 bits is used.

5 PE 0 R/W Parity Enable (enabled only in asynchronous
mode)

When this bit is set to 1, the parity bit is added to
transmit data before transmission, and the parity
bit is checked in reception. For a multiprocessor
format, parity bit addition and checking are not
performed regardless of the PE bit setting.

4 O/E 0 R/W Parity Mode (enabled only when the PE bitis 1 in
asynchronous mode)

0: Selects even parity
1: Selects odd parity
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Bit Bit Name Initial Value R/W

Description

3 STOP 0 R/W

Stop Bit Length (enabled only in asynchronous
mode)

Selects the stop bit length in transmission.
0: 1 stop bit
1: 2 stop bits

In reception, only the first stop bit is checked. If
the second stop bit is 0, it is treated as the start bit
of the next transmit character.

2 MP 0 R/W

Multiprocessor Mode (enabled only in
asynchronous mode)

When this bit is set to 1, the multiprocessor
communication function is enabled. The PE bit
and O/E bit settings are invalid in multiprocessor
mode.

1 CKs1 0 R/W
0 CKSO 0 R/W

Clock Select 1 and O

These bits select the clock source for the baud
rate generator.

00: ¢ clock (n = 0)
01: ¢/4 clock (n=1)
10: ¢/16 clock (n = 2)
11: ¢/64 clock (n = 3)

For the relationship between the bit rate register
setting and the baud rate, see 14.3.9, Bit Rate
Register (BRR). n is the decimal representation of
the value of n in BRR (see 14.3.9, Bit Rate
Register (BRR)).
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Bit

Smart Card Interface Mode (When SMIFin SCMR Is 1)

Bit Name

Initial Value

R/W

Description

GM

0

R/W

GSM Mode

When this bit is set to 1, the SCI operates in GSM
mode. In GSM mode, the timing of the TEND
setting is advanced by 11.0 etu (Elementary Time
Unit: the time for transfer of one bit), and clock
output control mode addition is performed. For
details, refer to section 14.7.8, Clock Output
Control.

BLK

R/W

When this bit is set to 1, the SCI operates in block
transfer mode. For details on block transfer mode,
refer to section 14.7.3, Block Transfer Mode.

PE

R/W

Parity Enable (enabled only in asynchronous
mode)

When this bit is set to 1, the parity bit is added to
transmit data in transmission, and the parity bit is
checked in reception. In Smart Card interface
mode, this bit must be set to 1.

O/E

R/W

Parity Mode (enabled only when the PE bitis 1 in
asynchronous mode)

0: Selects even parity
1: Selects odd parity

For details on setting this bit in Smart Card
interface mode, refer to section 14.7.2, Data
Format (Except for Block Transfer Mode).

BCP1
BCPO

R/W
R/W

Basic Clock Pulse 2 and 1

These bits specify the number of basic clock
periods in a 1-bit transfer interval on the Smart
Card interface.

00: 32 clock (S =32)
01: 64 clock (S = 64)
10: 372 clock (S = 372)
11: 256 clock (S = 256)

For details, refer to section 14.7.4, Receive Data
Sampling Timing and Reception Margin in Smart
Card Interface Mode. S stands for the value of S
in BRR (see section 14.3.9, Bit Rate Register
(BRR)).
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Bit Bit Name Initial Value R/W Description
1 CKS1 0 R/W Clock Select 1 and 0
0 CKSO0 0 R/W These bits select the clock source for the baud

rate generator.

00: ¢ clock (n =0)
01: ¢/4 clock (n=1)
10: ¢/16 clock (n = 2)
11: ¢/64 clock (n = 3)

For the relationship between the bit rate register
setting and the baud rate, see section 14.3.9, Bit
Rate Register (BRR). n is the decimal
representation of the value of n in BRR (see
section 14.3.9, Bit Rate Register (BRR)).
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1436  Serial Control Register (SCR)

SCR is aregister that enables or disables SCI transfer operations and interrupt requests, and is also
used to selection of the transfer clock source. For details on interrupt requests, refer to section
14.8, Interrupt Sources. Some bit functions of SCR differ between normal serial communication
interface mode and Smart Card interface mode.

e Normal Serial Communication Interface Mode (When SMIF in SCMR Is 0)

Bit Bit Name Initial Value R/W Description

7 TIE 0 R/W Transmit Interrupt Enable
When this bit is set to 1, the TXI interrupt request
is enabled.

6 RIE 0 R/W Receive Interrupt Enable

When this bit is set to 1, RXI and ERI interrupt
requests are enabled.

5 TE 0 R/W Transmit Enable
When this bit s set to 1, transmission is enabled.
4 RE 0 R/W Receive Enable
When this bit is set to 1, reception is enabled.
3 MPIE 0 R/W Multiprocessor Interrupt Enable (enabled only
when the MP bit in SMR is 1 in asynchronous
mode)

When this bit is set to 1, receive data in which the
multiprocessor bit is 0 is skipped, and setting of
the RDRF, FER, and ORER status flags in SSR is
prohibited. On receiving data in which the
multiprocessor bit is 1, this bit is automatically
cleared and normal reception is resumed. For
details, refer to 14.5, Multiprocessor
Communication Function.

2 TEIE 0 R/W Transmit End Interrupt Enable

This bit is set to 1, TEI interrupt request is
enabled.
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Bit Bit Name Initial Value R/W

Description

1 CKE1l 0 R/W
0 CKEO 0 R/W

Clock Enable 0 and 1

Selects the clock source and SCK pin function.

Asynchronous mode

00: Internal baud rate generator
SCK pin functions as I/O port

01: Internal baud rate generator
Outputs a clock of the same frequency as the
bit rate from the SCK pin.

1x: External clock
Inputs a clock with a frequency 16 times the bit
rate from the SCK pin.

Clocked synchronous mode

Ox: Internal clock (SCK pin functions as clock
output)

1x: External clock (SCK pin functions as clock
input)

Legend:
x: Don't care
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e Smart Card Interface Mode (When SMIF in SCMR Is 1)

Bit Bit Name

Initial Value

R/W

Description

7 TIE

0

R/W

Transmit Interrupt Enable

When this bit is set to 1, TXI interrupt request is
enabled.

6 RIE

R/W

Receive Interrupt Enable

When this bit is set to 1, RXI and ERI interrupt
requests are enabled.

R/W

Transmit Enable
When this bit is set to 1, transmission is enabled.

R/W

Receive Enable
When this bit is set to 1, reception is enabled.

3 MPIE

R/W

Multiprocessor Interrupt Enable (enabled only
when the MP bit in SMR is 1 in asynchronous
mode)

Write 0 to this bit in Smart Card interface mode.

2 TEIE

R/W

Transmit End Interrupt Enable
Write 0 to this bit in Smart Card interface mode.

CKE1
CKEO

R/W
R/W

Clock Enable 1 and O

Enables or disables clock output from the SCK
pin. The clock output can be dynamically switched
in GSM mode. For details, refer to section 14.7.8,
Clock Output Control.

When the GM bitin SMR is 0

00: Output disabled (SCK pin can be used as an
1/0 port pin)

01: Clock output
1x: Reserved

When the GM bitin SMR is 1
00: Output fixed low

01: Clock output

10: Output fixed high

11: Clock output

Legend:
x: Don't care
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14.3.7  Serial Status Register (SSR)

SSRisaregister containing status flags of the SCI and multiprocessor bits for transfer. 1 cannot
be written to flags TDRE, RDRF, ORER, PER, and FER; they can only be cleared. Some bit
functions of SSR differ between normal serial communication interface mode and Smart Card

interface mode.

e Normal Serial Communication Interface Mode (When SMIF in SCMR Is 0)

Bit Bit Name Initial Value R/W

Description

7 TDRE 1 RI(W)*

Transmit Data Register Empty

Displays whether TDR contains transmit data.
[Setting conditions]

e When the TE bitin SCR is 0

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

[Clearing conditions]

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

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

6 RDRF 0 RI(W)*

Receive Data Register Full
Indicates that the received data is stored in RDR.
[Setting condition]

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

[Clearing conditions]

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

e When the DTC is activated by an RXI interrupt
and transferred data from RDR

The RDRF flag is not affected and retains their
previous values when the RE bit in SCR is cleared
to 0.
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Bit Bit Name Initial Value R/W Description

5 ORER 0 R/(W)*  Overrun Error
[Setting condition]

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

[Clearing condition]

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

4 FER 0 R/(W)*  Framing Error
[Setting condition]
e When the stop bitis 0

[Clearing condition]

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

In 2-stop-bit mode, only the first stop bit is
checked.

3 PER 0 R/(W)*  Parity Error
[Setting condition]

e When a parity error is detected during
reception

[Clearing condition]

e When 0 is written to PER after reading PER =
1
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Bit Bit Name Initial Value R/W Description
2 TEND 1 R Transmit End
[Setting conditions]
e When the TE bitin SCR is 0

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

[Clearing conditions]

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

e When the DTC is activated by a TXI interrupt
and writes data to TDR

1 MPB 0 R Multiprocessor Bit

MPB stores the multiprocessor bit in the receive
data. When the RE bit in SCR is cleared to 0 its
previous state is retained.

0 MPBT 0 R/W Multiprocessor Bit Transfer

MPBT stores the multiprocessor bit to be added to
the transmit data.

Note: * Only a 0 can be written to this bit, to clear the flag.
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Bit

Smart Card Interface Mode (When SMIFin SCMR Is 1)

Bit Name

Initial Value

R/W

Description

7

TDRE

1

RI(W)*

Transmit Data Register Empty

Displays whether TDR contains transmit data.
[Setting conditions]

e When the TE bitin SCRis 0

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

[Clearing conditions]

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

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

6

RDRF

0

RI(W)*

Receive Data Register Full
Indicates that the received data is stored in RDR.
[Setting condition]

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

[Clearing conditions]

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

e When the DTC is activated by an RXI interrupt
and transferred data from RDR

The RDRF flag is not affected and retains their
previous values when the RE bit in SCR is cleared
to 0.
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Bit Bit Name Initial Value R/W

Description

5 ORER 0 RI(W)*

Overrun Error
[Setting condition]

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

[Clearing condition]

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

4 ERS 0 RI(W)*

Error Signal Status
[Setting condition]

e When the low level of the error signal is
sampled

[Clearing condition]

o When 0 is written to ERS after reading ERS =
1

3 PER 0 RI(W)*

Parity Error
[Setting condition]

e When a parity error is detected during
reception

[Clearing condition]

e When 0 is written to PER after reading PER =
1
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Bit Bit Name Initial Value R/W Description
2 TEND 1 R Transmit End
This bit is set to 1 when no error signal has been
sent back from the receiving end and the next
transmit data is ready to be transferred to TDR.
[Setting conditions]
e When the TE bitin SCR is 0 and the ERS bit is
also 0
e When the ERS bit is 0 and the TDRE bit is 1
after the specified interval following
transmission of 1-byte data.
The timing of bit setting differs according to the
register setting as follows:
When GM = 0 and BLK =0, 2.5 etu after
transmission starts
When GM =0 and BLK = 1, 1.5 etu after
transmission starts
When GM =1 and BLK =0, 1.0 etu after
transmission starts
When GM =1 and BLK = 1, 1.0 etu after
transmission starts
[Clearing conditions]
e When 0 is written to TDRE after reading TDRE
=1
e When the DTC is activated by a TXI interrupt
and writes data to TDR
1 MPB 0 R Multiprocessor Bit
This bit is not used in Smart Card interface mode.
0 MPBT 0 R/W Multiprocessor Bit Transfer
Write 0 to this bit in Smart Card interface mode.
Note: * Only a 0 can be written to this bit, to clear the flag.
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1438 Smart Card Mode Register (SCMR)

SCMR isaregister that selects Smart Card interface mode and its format.

Bit Bit Name Initial Value R/W Description
7t0 — All 1 — Reserved
4

These bits are always read as 1.

3 SDIR 0 R/W Smart Card Data Transfer Direction

Selects the serial/parallel conversion format.
0: LSB-first in transfer

1: MSB-first in transfer

The bit setting is valid only when the transfer
data format is 8 bits. For 7-bit data, LSB-first is
fixed.

2 SINV 0 R/W Smart Card Data Invert

Specifies inversion of the data logic level. The
SINV bit does not affect the logic level of the parity
bit. To invert the parity bit, invert the O/E bit in
SMR.

0: TDR contents are transmitted as they are.
Receive data is stored as it is in RDR

1: TDR contents are inverted before being
transmitted. Receive data is stored in inverted
form in RDR

1 — 1 — Reserved

This bit is always read as 1.
0 SMIF 0 R/W Smart Card Interface Mode Select

This bit is set to 1 to make the SCI operate in
Smart Card interface mode.

0: Normal asynchronous mode or clocked
synchronous mode

1: Smart card interface mode
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1439 Bit Rate Register (BRR)

BRR is an 8-hit register that adjusts the bit rate. Asthe SCI performs baud rate generator control
independently for each channel, different bit rates can be set for each channel. Table 14.2 shows
the relationships between the N setting in BRR and bit rate B for normal asynchronous mode,
clocked synchronous mode, and Smart Card interface mode. The initial value of BRR is H'FF, and
it can be read or written to by the CPU at all times.

Table14.2 The Relationships between The N Settingin BRR and Bit Rate B

Mode BRR Setting N Error
Qs;:jnchronous N = b x 10° 1 Error (%) ={ ¢ x 10° 1}x100
ode 64x221xB v Bx64x22"1x (N+1) bx
glockhed N o x 108 .
ynchronous = E) - —
Mode 8x2 x B
Smafrt Card . N ¢ x 106 L Error (%) — ¢ x 106
= - rror = -
Interface Mode Sx22 . 0 BxSx22 (N1 1) 1} %100
Legend: B: Bit rate (bit/s)
N: BRR setting for baud rate generator (0 < N < 255)
o: Operating frequency (MHz)

nand S: Determined by the SMR settings shown in the following tables.

SMR Setting SMR Setting
CKS1 CKSO0 n BCP1 BCPO S
0 0 0 0 0 32
0 1 1 0 1 64
1 0 2 1 0 372
1 1 3 1 1 256

Table 14.3 shows sample N settings in BRR in normal asynchronous mode. Table 14.4 shows the
maximum bit rate for each frequency in normal asynchronous mode. Table 14.6 shows sample N
settingsin BRR in clocked synchronous mode. Table 14.8 shows sample N settingsin BRR in
Smart Card interface mode. In Smart Card interface mode, S (the number of basic clock periodsin
a 1-hit transfer interval) can be selected. For details, refer to section 14.7.4, Receive Data
Sampling Timing and Reception Margin in Smart Card Interface Mode. Tables 14.5 and 14.7
show the maximum bit rates with external clock input.
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Table14.3 BRR Settingsfor Various Bit Rates (Asynchronous Mode) (1)

Operating Frequency ¢ (MHz)

Bit Rate 4 4.9152 5
(bit/s) n N Error (%) n N Error (%) n N Error (%)
110 2 70 0.03 2 86 0.31 2 88 -0.25
150 1 207 0.16 1 255 0.00 2 64 0.16
300 1 103 0.16 1 127 0.00 1 129 0.16
600 0 207 0.16 0 255 0.00 1 64 0.16
1200 0 103 0.16 0 127 0.00 0 129 0.16
2400 0 51 0.16 0 63 0.00 0 64 0.16
4800 0 25 0.16 0 31 0.00 0 32 -1.36
9600 0 12 0.16 0 15 0.00 0 15 1.73
19200 — — — 0 0.00 0 1.73
31250 0 3 0.00 0 -1.70 0 4 0.00
38400 — — — 0 0.00 0 1.73
Operating Frequency ¢ (MHz)

6 6.144 7.3728 8
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 77 016 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 0.00 O 191 0.00 O 207 0.16
2400 0 77 0.16 0 79 0.00 0 95 0.00 0 103 0.16
4800 0 38 016 O 39 000 O 47 000 O 51 0.16
9600 0 19 -234 0 19 0.00 0 23 0.00 0 25 0.16
19200 0 -234 0 0.00 0 11 0.00 0 12 0.16
31250 0 000 O 240 — — — 0 7 0.00
38400 0 -234 0 4 0.00 0 5 0.00 — — —
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Table14.3 BRR Settingsfor Various Bit Rates (Asynchronous Mode) (2)

Operating Frequency ¢ (MHz)

9.8304 10 12 12.288
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 0.03 2 217 0.08
150 2 127 0.00 2 129 016 2 155 0.16 2 159 0.00
300 1 255 0.00 2 64 016 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 64 016 1 77 016 1 79 0.00
2400 0 127 0.00 0 129 0.16 0 155 0.16 O 159 0.00
4800 0 63 0.00 O 64 016 O 77 016 O 79 0.00
9600 0 31 0.00 0 32 -136 O 38 016 O 39 0.00
19200 0 15 0.00 0 15 1.73 0 19 -234 0 19 0.00
31250 0 9 -1.70 0 000 O 11 0.00 O 11 2.40
38400 0 0.00 0 7 1.73 0 9 -234 0 9 0.00
Operating Frequency ¢ (MHz)
14 14.7456 16 17.2032

Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 248 -0.17 3 64 0.70 3 70 0.03 3 75 0.48
150 2 181 0.13 2 191 0.00 2 207 013 2 223 0.00
300 2 90 0.13 2 95 0.00 2 103 0.13 2 111 0.00
600 1 181 013 1 191 0.00 1 207 013 1 223 0.00
1200 1 90 013 1 95 0.00 1 103 013 1 111 0.00
2400 0 181 0.13 0 191 0.00 0 207 013 O 223 0.00
4800 0 90 013 O 95 000 O 103 013 O 111 0.00
9600 0 45 -093 0 47 000 O 51 013 O 55 0.00
19200 0 22 -093 0 23 000 O 25 013 O 27 0.00
31250 0 13 0.00 0 14 -1.70 O 15 0.00 O 13 1.20
38400 — — — 0 11 0.00 0 12 013 O 13 0.00
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Table14.3 BRR Settingsfor Various Bit Rates (Asynchronous Mode) (3)

Operating Frequency ¢ (MHz)

18 19.6608 20 24
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 3 79 -0.12 3 86 0.31 3 88 -0.25 3 106 -0.44
150 2 233 0.16 2 255 0.00 3 64 0.16 3 77 0.16
300 2 116 0.16 2 127 0.00 2 129 0.16 2 155 0.16
600 1 233 0.16 1 255 0.00 2 64 0.16 2 77 0.16
1200 1 116 0.16 1 127 0.00 1 129 016 1 155 0.16
2400 0 233 0.16 0 255 0.00 1 64 0.16 1 7 0.16
4800 0 116 0.16 0 127 000 O 129 016 O 155 0.16
9600 0 58 -0.69 O 63 0.00 O 64 016 O 77 0.16
19200 0 28 1.02 0 31 0.00 0 32 -136 O 38 0.16
31250 0 17 0.00 0 19 -1.70 O 19 000 O 23 0
38400 0 14 -234 0 15 0.00 0 15 1.73 0 19 —-2.34
Table14.4 Maximum Bit Ratefor Each Frequency (Asynchronous M ode)
Maximum Bit Maximum Bit

¢ (MHz)  Rate (bit/s) n N ¢ (MHz)  Rate (bit/s) n N
4 125000 0 0 12 375000 0 0
4.9152 153600 0 0 12.288 384000 0 0
5 156250 0 0 14 437500 0 0
6 187500 0 0 14.7456 460800 0 0
6.144 192000 0 0 16 500000 0 0
7.3728 230400 0 0 17.2032 537600 0 0
8 250000 0 0 18 562500 0 0
9.8304 307200 0 0 19.6608 614400 0 0
10 312500 0 0 20 625000 0 0

24 750000 0 0
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Table14.5 Maximum Bit Rate with External Clock Input (Asynchronous Mode)

External Input  Maximum Bit External Input  Maximum Bit
¢ (MHz)  Clock (MHz) Rate (bit/s) ¢ (MHz)  Clock (MHz) Rate (bit/s)
4 1.0000 62500 12 3.0000 187500
49152 1.2288 76800 12.288 3.0720 192000
5 1.2500 78125 14 3.5000 218750
6 1.5000 93750 147456  3.6864 230400
6.144 1.5360 96000 16 4.0000 250000
7.3728 1.8432 115200 17.2032  4.3008 268800
8 2.0000 125000 18 4.5000 281250
9.8304 2.4576 153600 19.6608 4.9152 307200
10 2.5000 156250 20 5.0000 312500

24 6.0000 375000
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Table14.6 BRR Settingsfor Various Bit Rates (Clocked Synchronous M ode)

Operating Frequency ¢ (MHz)

Bit Rate 4 8 10 16 20 24
(bit/s) n N n N n N n N n N n N
110 - —

250 2 249 3 124 — — 3 249

500 2 124 2 249 — — 3 124 — — — —
1k 1 249 2 124 — — 2 249 — — - —
2.5k 1 99 1 199 1 249 2 99 2 124 2 149
5k 0 199 1 99 1 124 1 199 1 249 2 74
10k 0 99 0 199 0 249 1 99 1 124 1 149
25 k 0 39 0 79 0 99 0 159 0 199 1 59
50 k 0 19 0 39 0 49 0 79 0 99 1 29
100 k 0 9 0 19 0 24 0 39 0 49 0 59
250 k 0 3 0 0 0 15 0 19 0 23
500 k 0 1 0 3 0 0 0 9 0 11
1M 0 0" 0 0 0 4 0 5
25M 0 0" 0 1 — —
5M 0 0" — —
Legend:

Blank: Setting prohibited.
— Can be set, but there will be a degree of error.
*: Continuous transfer is not possible.

Table14.7 Maximum Bit Rate with External Clock Input (Clocked Synchronous Mode)

External Input

Maximum Bit

External Input

Maximum Bit

¢ (MHz)  Clock (MHz) Rate (bit/s) ¢ (MHz)  Clock (MHz) Rate (bit/s)
4 0.6667 666666.7 14 2.3333 2333333.3
6 1.0000 1.000000.0 16 2.6667 2666666.7
8 1.3333 1333333.3 18 3.0000 3000000.0
10 1.6667 1666666.7 20 3.3333 3333333.3
12 2.0000 2000000.0 24 4 4000000.0
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Table 14.8 Examplesof Bit Ratefor Various BRR Settings (Smart Card Interface M ode)

(Whenn=0and S=372)

Operating Frequency ¢ (MHz)

7.1424 10.00 10.7136 13.00
Bit Rate Error Error Error Error
(bit/s) n (%) n N (%) n N (%) n N (%)
9600 0 0 000 O 1 30 0 1 25 0 1 8.99
Operating Frequency ¢ (MHz)
14.2848 16.00 18.00 20.00 24.00

Bit Rate Error Error Error Error n N Error
(bit/s) n N (%) n N (%) n N (%) n N (%) (%)
9600 0O 1 0.00 0O 1 1201 0 2 1599 0 2 6.60 0 2 1201

Table14.9 Maximum Bit Rate at Various Frequencies (Smart Card I nterface M ode)

(When S=372)

Maximum Bit

Maximum Bit

¢ (MHz)  Rate (bit/s) n N ¢ (MHz)  Rate (bit/s) n N
7.1424 9600 0 0 14.2848 19200 0 0
10.00 13441 0 0 16.00 21505 0 0
10.7136 14400 0 0 18.00 24194 0 0
13.00 17473 0 0 20.00 26882 0 0

24.00 32258 0 0
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144  Operation in Asynchronous M ode

Figure 14.2 shows the general format for asynchronous serial communication. One frame consists
of astart hit (low level), followed by transfer/receive data (in LSB-first order), a parity bit (high or
low level), and finally stop bits (high level). In asynchronous serial communication, the
transmission line is usually held in the mark state (high level). The SCI monitors the transmission
line. When the transmission line goes to the space state (low level), the SCI recognizes a start bit
and starts serial communication. Inside the SCI, the transmitter and receiver are independent units,
enabling full-duplex. Both the transmitter and the receiver also have a double-buffered structure,
so data can be read or written during transmission or reception, enabling continuous data transfer.

Idle state
(mark state)
1 LSB MSB 1
Serial| 6 | po [ p1 | D2 | D3 |Da|D5|D6| D7 0| 1 1
data
Start Parity| Stop bit
bit Transmit/receive data bit
1 bit 8 or 7 bits 1 bit, 2or

ornone 1 bits

One unit of transfer data (character or frame)

Figure 14.2 Data Format in Asynchronous Communication
(Example with 8-Bit Data, Parity, Two Stop Bits)

14.4.1 Data Transfer Format

Table 14.10 shows the data transfer formats that can be used in asynchronous mode. Any of 12
transfer formats can be selected according to the SMR setting. For details on the multiprocessor
bit, refer to section 14.5, Multiprocessor Communication Function.
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Table 14.10 Serial Transfer Formats (Asynchronous Mode)

SMR Settings Serial Transfer Format and Frame Length
CHR | PE | MP |STOP| 1 2 3 4 5 6 7 8 9 10 11 12
0 0 0 o ||s] 8-bit data [sTop
0 0 0 1 ||s] 8-bit data [sTor{sTop
0 1 0 o ||s] 8-bit data [ P [stop
0 1 0 1 |]s]| 8-bit data | P [stodstop
1 0 0 o ||s| 7-bit data [sTo
1 0 0 1 |]s]| 7-bit data |s1op[sTop
1 1 0 o ||s| 7-bit data | P [stop
1 1 0 1 |]s]| 7-bit data | P [stop[stop
0 — 1 o ||s| 8-bit data | wpa]sToP
0 — 1 1 |]s]| 8-bit data | wpastopfsTop
1 — 1 o ||s| 7-bit data | wpasTOP
1 — 1 1 |]s]| 7-bit data | wes|sTopfsToP
Legend:
S:  Startbit
STOP: Stop bit
P:  Parity bit

MPB: Multiprocessor bit
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1442  Receive Data Sampling Timing and Reception Margin in Asynchronous Mode

In asynchronous mode, the SCI operates on a basic clock with afrequency of 16 times the transfer
rate. In reception, the SCI samples the falling edge of the start bit using the basic clock, and
performs internal synchronization. Receive datais latched internally at the rising edge of the 8th
pulse of the basic clock as shown in figure 14.3. Thus, the reception margin in asynchronous mode
is given by formula (1) below.

1 D-05
2N)— N —(L —0.5) F} x 100 [%)]

M={ (05—
... Formula (1)

Where N: Ratio of bit rate to clock (N = 16)
D: Clock duty cycle (D =0.5t0 1.0)
L: Framelength (L =9to12)
F:  Absolute value of clock rate deviation

Assuming values of F (absolute value of clock rate deviation) = 0 and D (clock duty cycle) = 0.5
in formula (1), the reception margin can be given by the formula.

M ={0.5—1/(2 x 16)} x 100 [%] = 46.875%

However, thisis only the computed value, and a margin of 30% to 20% should be alowed for in
system design.

16 clocks |

8 clocks ‘
0 7 15/ 0 7 150
clock

Receive data —;I; ' Start bit I | DO o |D1
(RxD) = - I

Synchronization , - ¥ '
sampling timing _|

Data sampling n n
timing n n

Figure 14.3 Receive Data Sampling Timing in Asynchronous Mode
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14.43 Clock

Either an internal clock generated by the on-chip baud rate generator or an external clock input at
the SCK pin can be selected as the SCI’s serial clock, according to the setting of the C/A bit in
SMR and the CKEO and CKEL1 bitsin SCR. When an external clock isinput at the SCK pin, the
clock frequency should be 16 times the bit rate used.

When the SCI is operated on an internal clock, the clock can be output from the SCK pin. The
frequency of the clock output in this caseis equal to the bit rate, and the phase is such that the
rising edge of the clock isin the middle of the transmit data, as shown in figure 14.4.

TxD O |DO|D1| D2 |D3|D4|D5|D6|D7(01] 1 1

1 frame

Figure 14.4 Relationship between Output Clock and Transfer Data Phase
(Asynchronous M ode)
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14.4.4  SCI Initialization (Asynchronous Mode)

Before transmitting and receiving data, first clear the TE and RE bitsin SCR to 0, then initialize
the SCI as described below. When the operating mode, or transfer format, is changed for example,
the TE and RE bits must be cleared to 0 before making the change using the following procedure.
When the TE bit iscleared to 0, the TDRE flag is set to 1. Note that clearing the RE bit to O does
not initialize the contents of the RDRF, PER, FER, and ORER flags, or the contents of RDR.
When the external clock is used in asynchronous mode, the clock must be supplied even during
initialization.

) [1] Set the clock selection in SCR.
Be sure to clear bits RIE, TIE,

| TEIE, and MPIE, and bits TE and

| RE, to 0.

( Start initialization

| Clear TE and RE bits in SCR to 0

| When the clock is selected in
asynchronous mode, it is output
immediately after SCR settings are
made.

Set CKE1 and CKEO bits in SCR [
(TE and RE bits are cleared to 0.)

Set data transfer format in
SMR and SCMR
| [3] Write a value corresponding to the
Set value in BRR 3] bit rate to BRR. Not necessary if
an external clock is used.

[2] Setthe data transfer format in SMR
2] and SCMR.

Wait

[4] Wait at least one bit interval, then
set the TE bit or RE bit in SCR to 1.
Also set the RIE, TIE, TEIE, and
MPIE bits.

No
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

<Initialization completion>

Figure14.5 Sample SCI Initialization Flowchart

Rev. 4.00 Mar. 16, 2010 Page 334 of 606
REJ09B0155-0400
RENESAS



Section 14 Serial Communication Interface (SCI)

1445 Data Transmission (Asynchronous Mode)

Figure 14.6 shows an example of operation for transmission in asynchronous mode. In
transmission, the SCI operates as described below.

1. The SCI monitorsthe TDRE flag in SSR. If theflag is cleared to 0, the SCI recognizes that
data has been written to TDR, and transfers the data from TDR to TSR.

2. After transferring data from TDR to TSR, the SCI setsthe TDRE flag to 1 and starts
transmission. If the TIE bit is set to 1 at thistime, atransmit data empty interrupt request (TX1)
is generated. Continuous transmission is possible because the TXI interrupt routine writes next
transmit datato TDR before transmission of the current transmit data has been completed.

3. Dataissent from the TxD pin in the following order: start bit, transmit data, parity bit or
multiprocessor bit (may be omitted depending on the format), and stop bit.

4. The SCI checksthe TDRE flag at the timing for sending the stop bit.

5. If the TDREflagis O, the dataistransferred from TDR to TSR, the stop bit is sent, and then
serial transmission of the next frameis started.

6. If the TDRE flagis1, the TEND flagin SSRis set to 1, the stop bit is sent, and then the “mark
state” isentered, in which 1 isoutput. If the TEIE bit in SCR isset to 1 at thistime, a TEI
interrupt request is generated.

Figure 14.7 shows a sample flowchart for transmission in asynchronous mode.

Start Data Parity Stop Start Data Parity Stop
1 bit « bit bit  bit (t bit bit 1
1)
| D7 | on | , ldlestate

0 DO | D1
| | | | ( (mark state)
1 )]

((
)]

))
[orJoi] + | o [oo]o1]

' '
L ((
H )

TDRE ) ,
)) !
TEND L] (¢ : ((
H )] : )]
TXI interrupt Data written to TDR and TXI interrupt )
request generated TDRE flag cleared to 0in  request generated TEl interrupt
| TXI interrupt service routine 1 request generated
' 1
1 frame

Figure14.6 Example of Operation in Transmission in Asynchronous Mode
(Example with 8-Bit Data, Parity, One Stop Bit)
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[1] SClinitialization:

Initializati | 1 S .
| niatization 2 The TxD pin is automatically
I designated as the transmit data
( Start transmission ) output pin.
i: After the TE bit is set to 1, a frame
) of 1s is output, and transmission is
| Read TDRE flag in SSR | [2] enabled
No [2] SCI status check and transmit data
write:
Read SSR and check that the
Yes TDRE flag is set to 1, then write
transmit data to TDR and clear the
Write transmit data to TDR TDRE flag to 0.
and clear TDRE flag in SSR to 0 [3] Serial transmission continuation
procedure:
To continue serial transmission,
All data transmitted? read 1 from the TDRE flag to
confirm that writing is possible,
Yes then write data to TDR, and then
B 3] clear the TDRE flag to 0. Checking
_ and clearing of the TDRE flag is

Read TEND flag in SSR automatic when the 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
[4] 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.

Break output?

Clear DR to 0 and
setDDR to 1

Clear TE bitin SCR to 0

<End>

Figure14.7 Sample Serial Transmission Flowchart
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1446  Serial Data Reception (Asynchronous Mode)

Figure 14.8 shows an example of operation for reception in asynchronous mode. In seria
reception, the SCI operates as described below.

1

The SCI monitors the communication line. If a start bit is detected, the SCI performs internal
synchronization, receives receive datain RSR, and checks the parity bit and stop bit.

If an overrun error occurs (when reception of the next data is completed while the RDRF flag
isdtill setto 1), the ORER bitin SSRis set to 1. If the RIE bit in SCRis set to 1 at thistime, an
ERI interrupt request is generated. Receive datais not transferred to RDR. The RDRF flag
remainsto be set to 1.

If aparity error is detected, the PER bit in SSR is set to 1 and receive datais transferred to
RDR. If the RIE bit in SCRis set to 1 at thistime, an ERI interrupt request is generated.

If aframing error is detected (when the stop bit is 0), the FER bit in SSR is set to 1 and receive
dataistransferred to RDR. If the RIE bit in SCR is set to 1 at thistime, an ERI interrupt
reguest is generated.

If reception is completed successfully, the RDRF bit in SSRis set to 1, and receive datais
transferred to RDR. If the RIE bitin SCR is set to 1 at thistime, an RXI interrupt request is
generated. Continuous reception is possible because the RX1 interrupt routine reads the receive
datatransferred to RDR before reception of the next receive data has been completed.

Start Data Parity Stop Start Data Parity Stop
1 bit y bit  bit bit y bit  bit 1
1) 1)
o | bo | b1 p7|or| 1| o |po| b1 p7 | o1 | o | ldestate
( ( (mark state)

)) f ))
'

RDRF « ' («
i ) I )

FER : . : .
[l 1) i )]
RXI interrupt E RDR data read and RDRF !
request ' flag cleared to 0 in RXI ERI interrupt request
generated ! interrupt service routine generated by framing
! error

1 frame

' -
! 1

Figure 14.8 Example of SCI Operation in Reception
(Example with 8-Bit Data, Parity, One Stop Bit)
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Table 14.11 shows the states of the SSR status flags and receive data handling when areceive
error is detected. If areceive error is detected, the RDRF flag retains its state before receiving
data. Reception cannot be resumed while areceive error flag is set to 1. Accordingly, clear the
ORER, FER, PER, and RDRF bits to 0 before resuming reception. Figure 14.9 shows a sample

flowchart for serial data reception.

Table14.11 SSR Status Flags and Receive Data Handling

SSR Status Flag

RDRF* ORER FER PER Receive Data Receive Error Type

1 1 0 0 Lost Overrun error

0 0 1 0 Transferred to RDR Framing error

0 0 0 1 Transferred to RDR Parity error

1 1 1 0 Lost Overrun error + framing error
1 1 0 1 Lost Overrun error + parity error

0 0 1 1 Transferred to RDR Framing error + parity error

1 1 1 1 Lost Overrun error + framing error +

parity error

Note: * The RDRF flag retains the state it had before data reception.
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[1] SClinitialization:

| Initialization | (1 The RxD pin is automatically
' designated as the receive data input

( Start reception ) pin.

|

1 [2] [3] Receive error processing and break

Read ORER, PER, and 5 detection:
FER flags in SSR 2l 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 set to
1. In the case of a framing error, a
break can be detected by reading the

Error processing

(Continued on next page)

| Read RDRF flag in SSR | [4] value of the input port corresponding to
the RxD pin.

No [4] SCI status check and receive data read:
Read SSR and check that RDRF = 1,
then read the receive data in RDR and

Yes clear the RDRF flag to 0. Transition of
the RDRF flag from 0 to 1 can also be
Read receive data in RDR, and identified by an RXI interrupt.

clear RDRF flag in SSR to 0

[5] Serial reception continuation procedure:

To continue serial reception, before the
stop bit for the current frame is

[5] received, read the RDRF flag, read
RDR, and clear the RDRF flag to 0.
The RDRF flag is cleared automatically
when DTC is activated by an RXI

| Clear RE bit in SCR to 0 | interrupt and the RDR value is read.

<End>

Figure14.9 Sample Serial Reception Data Flowchart (1)
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[3]

C Error processing )

| Overrun error processing

-

Yes

Break?

A

Framing error processing | | Clear RE bitin SCRto 0

No

Parity error processing

o

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure 14.9 Sample Serial Reception Data Flowchart (2)
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145  Multiprocessor Communication Function

Use of the multiprocessor communication function enables data transfer between a number of
processors sharing communication lines by asynchronous serial communication using the
multiprocessor format, in which a multiprocessor bit is added to the transfer data. When
multiprocessor communication is performed, each receiving station is addressed by aunique ID
code. The serial communication cycle consists of two component cycles; an ID transmission cycle
that specifies the receiving station, and a data transmission cycle. The multiprocessor bit is used to
differentiate between the ID transmission cycle and the data transmission cycle. If the
multiprocessor hit is 1, the cycleisan ID transmission cycle; if the multiprocessor bit is 0, the
cycleisadatatransmission cycle. Figure 14.10 shows an example of inter-processor
communication using the multiprocessor format. The transmitting station first sendsthe ID code
of the receiving station with which it wants to perform serial communication as datawith a1
multiprocessor bit added. It then sends transmit data as data with a O multiprocessor bit added.
When data with a 1 multiprocessor bit is received, the receiving station compares that data with its
own ID. The station whose | D matches then receives the data sent next. Stations whose | Ds do not
match continue to skip data until data with a 1 multiprocessor bit is again received.

The SCI usesthe MPIE bit in SCR to implement this function. When the MPIE bit isset to 1,
transfer of receive datafrom RSR to RDR, error flag detection, and setting the SSR status flags,
RDRF, FER, and ORER to 1, are inhibited until data with a1 multiprocessor bit isreceived. On
reception of areceive character with a 1 multiprocessor bit, the MPB bit in SSR is set to 1 and the
MPIE bit is automatically cleared, thus normal reception is resumed. If the RIE bit in SCR is set to
1 at thistime, an RXI interrupt is generated.

When the multiprocessor format is selected, the parity bit setting is rendered invalid. All other bit
settings are the same as those in normal asynchronous mode. The clock used for multiprocessor
communication is the same as that in normal asynchronous mode.
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Transmitting
station
Serial transmission line
Receiving Receiving Receiving Receiving
station A station B station C station D
(ID=01) (ID=02) (ID=03) (ID =04)
Serial - -
Jata /\/H01/ \'/HAA\/\'/
1 (MPB =1). (MPB =0) .
ID transmission cycle = Data transmission cycle =
receiving station Data transmission to
specification receiving station specified by 1D
Legend:
MPB: Multiprocessor bit

Figure 14.10 Example of Communication Using Multiprocessor Format
(Transmission of Data H'AA to Recelving Station A)

1451 Multiprocessor Serial Data Transmission

Figure 14.11 shows a sample flowchart for multiprocessor serial data transmission. For an 1D
transmission cycle, set the MPBT bit in SSR to 1 before transmission. For a data transmission

cycle, clear the MPBT bit in SSR to O before transmission. All other SCI operations are the same
as those in asynchronous mode.
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| Initialization | 1] [1] SClinitialization:
T The TxD pin is automatically

( Start transmission ) designated as the transmit data
T output pin.
I After the TE bitis setto 1, a

| Read TDRE flag in SSR | 2] frame of 1s is output, and

transmission is enabled.
No [2] SCI status check and transmit
data write:
Read SSR and check that the
Yes TDRE flag is set to 1, then write
transmit data to TDR. Set the

MPBT bit in SSR to 0 or 1.
Finally, clear the TDRE flag to 0.

Write transmit data to TDR and
set MPBT bit in SSR

[3] Serial transmission continuation
procedure:
To continue serial transmission,
be sure to read 1 from the TDRE

Clear TDRE flag to O

All data transmitted? [3] flag to confirm that writing is
possible, then write data to TDR,
Yes and then clear the TDRE flag to

- 0. Checking and clearing of the
TDRE flag is automatic when the
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 O, then clear the
TE bitin SCR to 0.

Clear DR to 0 and set DDR to 1

Clear TE bitin SCR to 0

<End>

Figure14.11 Sample Multiprocessor Serial Transmission Flowchart

1452 Multiprocessor Serial Data Reception

Figure 14.13 shows a sample flowchart for multiprocessor serial data reception. If the MPIE bit in
SCRisset to 1, datais skipped until data with a1 multiprocessor hit is received. On receiving data
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with a 1 multiprocessor bit, the receive datais transferred to RDR. An RX| interrupt request is
generated at thistime. All other SCI operations are the same as in asynchronous mode. Figure
14.12 shows an example of SCI operation for multiprocessor format reception.

Start Data (ID1) Stop  Start Data (Datal) Stop
1 bit (« MPB  bit bit (« MPB  bit 1
I )] )]
0 DO D1 D7 1 1 0 DO D1 D7 0 1 Idle state
( 5 (mark state)
(a
)]
MPIE | I
- / \\
s<, /l | s<,
RDR
ID1
value X
MPIE =0 RXI interrupt RDR data read If not this station’s ID,  RXI interrupt request is
request and RDRF flag MPIE bit is set to 1 not generated, and RDR
(multiprocessor  cleared to 0 in again retains its state
interrupt) RXI interrupt
generated service routine
(a) Data does not match station’s ID
Start Data (ID2) Stop  Start Data (Data2) Stop
1 bit (0 MPB  bit bit ( MPB bit 1
1) 1)
0 DO | D1 D7 1 1 0 DO | D1 D7 0 1 Idle state
5 5 (mark state)
MPIE | .
/ ))
RDRF ( /l | ( | |
RDR
ID1 ID2 Data2
value X X7 ata

MPIE =0 RXI interrupt
request
(multiprocessor
interrupt)
generated

RDR dataread and  Matches this station’s ID,
RDRF flag cleared S0 reception continues, and
to 0in RXlinterrupt  data is received in RXI

service routine

(b) Data matches station’s ID

interrupt service routine

MPIE bit set to 1
again

Figure 14.12 Example of SCI Operation in Reception
(Example with 8-Bit Data, M ultiprocessor Bit, One Stop Bit)
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Initialization
Il

Start reception

)

.|

]
| Read MPIE bit in SCR
Il

| Read ORER and FER flags in SSR |

FER v ORER =1
No

Read RDRF flag in SSR

No
Yes

Read receive data in RDR

This station’s ID?

Yes

—

|

| @

[3]

Read ORER and FER flags in SSR

es

Read RDRF flag in SSR

Read receive data in RDR

All data received?

Y
FERVORER=1
No

Clear RE bitin SCR to 0

<End>

*

[4]

y [

(1

[2]

(3]

[4]

(5]

(Continued on

next page)

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

ID reception cycle:
Set the MPIE bit in SCR to 1.

SCI status check, ID reception and
comparison:

Read SSR and check that the RDRF
flag is set to 1, then read the receive
data in RDR and compare it with this
station’s ID.

If the data is not this station’s ID, set the
MPIE bit to 1 again, and clear the RDRF
flag to O.

If the data is this station’s ID, clear the
RDREF flag to 0.

SCI status check and data reception:
Read SSR and check that the RDRF
flag is set to 1, then read the data in
RDR.

Receive error processing and break
detection:

If a receive error occurs, read the ORER
and FER flags in SSR to identify the
error. After performing the appropriate
error processing, ensure that the ORER
and FER flags are all cleared to 0.
Reception cannot be resumed if either
of these flags is set to 1.

In the case of a framing error, a break
can be detected by reading the RxD pin
value.

(' Error processing )

Figure 14.13 Sample Multiprocessor Serial Reception Flowchart (1)
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(5] ( Error processing )

-

Yes

| Overrun error processing |

-

Yes

Break?

A
Framing error processing | | Clear RE bitin SCR to 0

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure 14.13 Sample Multiprocessor Serial Reception Flowchart (2)
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146  Operation in Clocked Synchronous Mode

Figure 14.14 shows the genera format for clocked synchronous communication. In clocked
synchronous mode, data is transmitted or received synchronous with clock pulses. Each character
of datatransferred consists of 8 bits. In clocked synchronous serial communication, data on the
transmission line is output from one falling edge of the serial clock to the next. In clocked
synchronous mode, the SCI receives data in synchronous with the rising edge of the serial clock.
After 8-bit datais output, the transmission line holds the MSB state. In clocked synchronous
mode, no parity or multiprocessor hit is added. Inside the SCI, the transmitter and receiver are
independent units, enabling full-duplex communication through the use of a common clock. Both
the transmitter and the receiver also have a double-buffered structure, so data can be read or
written during transmission or reception, enabling continuous data transfer.

One unit of transfer data (character or frame)

Lt
*

*

Synchronization|||||||||||||||||||
clock

| LsB MSB |
Serial data A XBito XBit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7 X 4
I ' Co

Don't care Don't care

Note: * High except in continuous transfer

Figure 14.14 Data Format in Synchronous Communication (For L SB-First)

146.1 Clock

Either an internal clock generated by the on-chip baud rate generator or an external
synchronization clock input at the SCK pin can be selected, according to the setting of CKEO and
CKEL bitsin SCR. When the SCI is operated on an internal clock, the serial clock is output from
the SCK pin. Eight serial clock pulses are output in the transfer of one character, and when no
transfer is performed the clock is fixed high.
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14.6.2 SCI Initialization (Clocked Synchronous M ode)

Before transmitting and receiving data, the TE and RE bitsin SCR should be cleared to 0, then the
SCI should beinitialized as described in a sample flowchart in figure 14.15. When the operating
mode, or transfer format, is changed for example, the TE and RE bits must be cleared to O before
making the change using the following procedure. When the TE bit is cleared to 0, the TDRE flag
isset to 1. Note that clearing the RE bit to O does not change the contents of the RDRF, PER,
FER, and ORER flags, or the contents of RDR.

( Start initialization ) [1] Set the clock selection in SCR. Be sure
to clear bits RIE, TIE, TEIE, MPIE, TE,
and RE, to 0.

lear TE RE bits i R | )
| Clear TE and RE bits in SCR o 0 [2] Set the data transfer format in SMR and

| SCMR.
Set CKE1 and CKEO bits in SCR [1] [3] Write a value corresponding to the bit
(TE, RE bits 0) rate to BRR. Not necessary if an

external clock is used.

|
Set data transfer format in > [4] Wait at least one bit interval, then set
SMR and SCMR (2] the TE bit or RE bit in SCR to 1.
T Also set the RIE, TIE, TEIE, and MPIE

; bits.
Set value in BRR 3
3l Setting the TE and RE bits enables the
Wait TxD and RxD pins to be used.

No
1-bit interval elapsed?

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

<Transfer start>

Note: * In simultaneous transmit and receive operations, the TE and RE bits should both be
cleared to O or set to 1 simultaneously.

Figure14.15 Sample SCI Initialization Flowchart
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14.6.3 Serial Data Transmission (Clocked Synchronous Mode)

Figure 14.16 shows an example of SCI operation for transmission in clocked synchronous mode.
In serial transmission, the SCI operates as described below.

1

The SCI monitorsthe TDRE flag in SSR, and if the flag is 0, the SCI recognizes that data has
been written to TDR, and transfers the data from TDR to TSR.

After transferring datafrom TDR to TSR, the SCI setsthe TDRE flag to 1 and starts
transmission. If the TIE bit in SCRis set to 1 at thistime, atransmit data empty interrupt (TXI)
is generated. Continuous transmission is possible because the TXI interrupt routine writes the
next transmit datato TDR before transmission of the current transmit data has been completed.
8-bit datais sent from the TxD pin synchronized with the output clock when output clock
mode has been specified, and synchronized with the input clock when use of an external clock
has been specified.

The SCI checksthe TDRE flag at the timing for sending the MSB (bit 7).

If the TDRE flag is cleared to 0, datais transferred from TDR to TSR, and serial transmission
of the next frame is started.

If the TDRE flag is set to 1, the TEND flag in SSR is set to 1, and the TDRE flag maintains the
output state of thelast bit. If the TEIE bitin SCR is set to 1 at thistime, a TEI interrupt request
is generated. The SCK pin isfixed high.

Figure 14.17 shows a sample flow chart for serial datatransmission. Even if the TDRE flag is
cleared to O, transmission will not start while areceive error flag (ORER, FER, or PER) is set to 1.
Make sure that the receive error flags are cleared to 0 before starting transmission. Note that
clearing the RE bit to 0 does not clear the receive error flags.

Rev. 4.00 Mar. 16, 2010 Page 349 of 606
REJ09B0155-0400
RENESAS



Section 14 Serial Communication Interface (SCI)

Transfer direction

Synchronization l | | | | | | | l | | | | |SS| | | |
clock

Serial data X Bit0 X Bit 1 )C: X Bit 7 X Bit0 X Bit 1 X::; X Bit 6 X Bit 7
((
)

{(

)]

TDRE
(«
D)

TEND
(«
D)

- .-.........><_._.

Data written to TDR TXI interrupt TEI interrupt request
and TDRE flag cleared request generated generated

to 0 in TXI interrupt '

service routine

TXI interrupt
request generated

1 frame

Figure14.16 Sample SCI Transmission Operation in Clocked Synchronous Mode
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[1] SClinitialization:
The TxD pin is automatically
designated as the transmit data output

pin.
[2] SCI status check and transmit data
Read TDRE flag in SSR | [2] 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.

Initialization | [1]
|

Start transmission )

"

No

[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.
[3] Checking and clearing of the TDRE
flag is automatic when the DTC is
Yes activated by a transmit data empty
interrupt (TXI) request and data is
written to TDR.

Yes

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

All data transmitted?

Read TEND flag in SSR

No

Yes

Clear TE bitin SCR to 0

<End>

Figure14.17 Sample Serial Transmission Flowchart
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1464  Serial Data Reception (Clocked Synchronous M ode)

Figure 14.18 shows an example of SCI operation for reception in clocked synchronous mode. In
serial reception, the SCI operates as described below.

1. The SCI performsinternal initialization synchronous with a synchronous clock input or output,
starts receiving data, and stores the received datain RSR.

2. If an overrun error occurs (when reception of the next data is completed while the RDRF flag
in SSRis till set to 1), the ORER hitin SSRis set to 1. If the RIE bit in SCRisset to 1 at this
time, an ERI interrupt request is generated, receive datais not transferred to RDR, and the
RDRF flag remainsto be set to 1.

3. If reception is completed successfully, the RDRF bit in SSR is set to 1, and receive datais
transferred to RDR. If the RIE bit in SCR is set to 1 at thistime, an RXI interrupt request is
generated. Continuous reception is possible because the RX| interrupt routine reads the receive
data transferred to RDR before reception of the next receive data has finished.

Synchronization | | | | | | | | | | | | | | % | | | |
clock

Serial data X Bit 7 X Bit0 )C: X Bit 7 X Bit0 X Bit 1 )C
RDRF T ;

ORER E :

f

RXI interrupt i RDR data read and ' RXI interrupt ERI interrupt request

request - RDRF flag cleared ! request generated generated by overrun
generated i to 0in RXlinterrupt | error

| service routine -
.

1 frame

Figure 14.18 Example of SCI Operation in Reception

Reception cannot be resumed while areceive error flag is set to 1. Accordingly, clear the ORER,
FER, PER, and RDRF bitsto 0 before resuming reception. Figure 14.19 shows a sample flow
chart for serial data reception.

Rev. 4.00 Mar. 16, 2010 Page 352 of 606
REJ09B0155-0400
RENESAS




Section 14 Serial Communication Interface (SCI)

(1]
|

| Initialization [1]
|
( Start reception )
-
™ [2
| Read ORER flag in SSR | [2]
[3]

Error processing

(Continued below)

(4]

Read RDRF flag in SSR | 4]
No
Yes
[5]
Read receive data in RDR, and
clear RDRF flag in SSR to 0
All data received? [5]

Clear RE bitin SCR to 0

<End>

Error processing )

| Overrun error processing |

| Clear ORER flag in SSR to 0 |

<End>

SCl initialization:

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

[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.

SCI status check and receive data
read:

Read SSR and check that the RDRF
flag is set to 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 RXI
interrupt.

Serial reception continuation
procedure:

To continue serial reception, before
the MSB (bit 7) of the current frame is
received, reading the RDRF flag,
reading RDR, and clearing the RDRF
flag to 0 should be finished. The
RDREF flag is cleared automatically
when the DTC is activated by a
receive data full interrupt (RXI) request
and the RDR value is read.

Figure14.19 Sample Serial Reception Flowchart
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1465 Simultaneous Serial Data Transmission and Reception (Clocked Synchronous
M ode)

Figure 14.20 shows a sample flowchart for simultaneous serial transmit and receive operations.
The following procedure should be used for simultaneous serial data transmit and receive
operations after initializing the SCI. To switch from transmit mode to simultaneous transmit and
receive mode, after checking that the SCI has finished transmission and the TDRE and TEND
flagsare set to 1, clear TE to 0. Then ssimultaneously set TE and RE to 1 with a single instruction.
To switch from receive mode to simultaneous transmit and receive mode, after checking that the
SCI has finished reception, clear RE to 0. Then after checking that the RDRF and receive error
flags (ORER, FER, and PER) are cleared to 0, simultaneously set TE and RE to 1 with asingle
instruction.
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. [1] SClinitialization:
| Initialization | (1l The TxD pin is designated as the

I transmit data output pin, and the RxD

( Start transmission/reception ) pin is designated as the receive data
— input pin, enabling simultaneous
| transmit and receive operations.

| Read TDRE flag in SSR | (2 [2] SCI status check and transmit data
write:
No Read SSR and check that the TDRE
flag is set to 1, then write transmit
data to TDR and clear the TDRE flag

Yes to 0.
Transition of the TDRE flag from 0 to
Write transmit data to TDR and 1 can also be identified by a TXI
clear TDRE flag in SSR to 0 interrupt.
[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.
Transmission/reception cannot be
resumed if the ORER flag is set to 1.

[4] SCI status check and receive data
read:
Read SSR and check that the RDRF
flag is set to 1, then read the receive

Read RDRF flag in SSR | [ data in RDR and clear the RDRF flag
to 0. Transition of the RDRF flag from
No 0 to 1 can also be identified by an RXI
interrupt.
Yes [5] Serial transmission/reception

continuation procedure:
To continue serial transmission/

Read receive data in RDR, and reception, before the MSB (bit 7) of
clear RDRF flag in SSR to 0

the current frame is received, finish
reading the RDRF flag, reading RDR,
and clearing the RDRF flag to 0.

5] 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 DTC is
activated by a transmit data empty
interrupt (TXI) request and data is

All data received?

Clear TE and RE bits in SCR to 0

<End> written to TDR. Also, the RDRF flag
is cleared automatically when the
Note: * When switching from transmit or receive operation to simultaneous DTC is activated by a receive data full
transmit and receive operations, first clear the TE bit and RE bitto 0,  interrupt (RXI) request and the RDR
then set both these bits to 1 simultaneously. value is read.

Figure 14.20 Sample Flowchart of Simultaneous Serial Transmit and Receive Operations
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147  Operation in Smart Card Interface

The SCI supports an IC card (Smart Card) interface that conformsto |SO/IEC 7816-3
(Identification Card) as a serial communication interface extension function. Switching between
the normal serial communication interface and the Smart Card interface mode is carried out by
means of aregister setting.

14.7.1  Pin Connection Example

Figure 14.21 shows an example of connection with the Smart Card. In communication with an IC
card, as both transmission and reception are carried out on a single data transmission line, the TxD
pin and RxD pin should be connected to the LS| pin. The data transmission line should be pulled
up to the V. power supply with aresistor. If an IC card is not connected, and the TE and RE bits
are both set to 1, closed transmission/reception is possible, enabling self-diagnosis to be carried
out. When the clock generated on the Smart Card interface is used by an IC card, the SCK pin
output isinput to the CLK pin of the IC card. ThisLSI port output is used asthe reset signal.

Vee
XD l ;
RxD Data line
SCK Clock line CLK
Rx (port) _ RST
This LSI Reset line IC card
Connected equipment

Figure 14.21 Schematic Diagram of Smart Card I nterface Pin Connections
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14.7.2 Data Format (Except for Block Transfer Mode)

Figure 14.22 shows the transfer data format in Smart Card interface mode.

One frame consists of 8-hit data plus a parity bit in asynchronous mode.

In transmission, a guard time of at least 2 etu (Elementary Time Unit: the time for transfer of
one bit) isleft between the end of the parity bit and the start of the next frame.

If aparity error is detected during reception, alow error signal level is output for one etu

period, 10.5 etu after the start hit.

If an error signal is sampled during transmission, the same data is retransmitted automatically

after adelay of 2 etu or longer.

When there is no parity error

Ds DO D1 D2 D3 D4 D5 D6 D7 Dp
Transmitting station output
When a parity error occurs
Ds | DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | Dp DE

Transmitting station output

Legend:

Ds: Start bit

DO to D7: Data bits
Dp: Parity bit
DE: Error signal

Receiving station
output

Figure14.22 Normal Smart Card Interface Data Format
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Datatransfer with other types of |C cards (direct convention and inverse convention) are
performed as described in the following.

@ A Z Z A Z Z Z A A Z (2) State

Ds | D0 ! D1|D2|D3:D4 ! D5| D6 D7 | Dp

Figure 14.23 Direct Convention (SDIR = SINV = O/E = 0)

With the direction convention type | C and the above sample start character, the logic 1 level
corresponds to state Z and the logic O level to state A, and transfer is performed in LSB-first order.
The start character data aboveis H'3B. For the direct convention type, clear the SDIR and SINV
bitsin SCMR to 0. According to Smart Card regulations, clear the O/E bit in SMR to 0 to select
even parity mode.

@ A Z Z A A A A A A Z (2) State

Ds|D7!D6|D5! D4 D3:D2! D1 ;DO |Dp

Figure14.24 Inverse Convention (SDIR =SINV = O/E = 1)

With the inverse convention type, the logic 1 level corresponds to state A and the logic O level to
state Z, and transfer is performed in M SB-first order. The start character data for the aboveis
H'3F. For the inverse convention type, set the SDIR and SINV bitsin SCMR to 1. According to
Smart Card regulations, even parity modeisthelogic O level of the parity bit, and corresponds to
state Z. InthisLSI, the SINV bit inverts only data bits D7 to DO. Therefore, set the O/E bit in
SMRto 1 to invert the parity bit for both transmission and reception.

Rev. 4.00 Mar. 16, 2010 Page 358 of 606
REJ09B0155-0400
RENESAS




Section 14 Serial Communication Interface (SCI)

14.7.3 Block Transfer Mode

Operation in block transfer mode is the same as that in SCI asynchronous mode, except for the
following points.

e Inreception, though the parity check is performed, no error signal is output even if an error is
detected. However, the PER bit in SSR is set to 1 and must be cleared before receiving the
parity bit of the next frame.

e Intransmission, aguard time of at least 1 etu is left between the end of the parity bit and the
start of the next frame.

e |ntransmission, because retransmission is not performed, the TEND flagissetto 1, 11.5 etu
after transmission start.

e Aswith the normal Smart Card interface, the ERS flag indicates the error signal status, but
since error signal transfer is not performed, thisflag is always cleared to 0.

1474 Receive Data Sampling Timing and Reception Margin in Smart Card Interface
Mode

In Smart Card interface mode, the SCI operates on a basic clock with a frequency of 32, 64, 372,
or 256 times the transfer rate (fixed at 16 timesin normal asynchronous mode) as determined by
bits BCP1 and BCPO. In reception, the SCI samples the falling edge of the start bit using the basic
clock, and performs internal synchronization. As shown in figure 14.25, by sampling receive data
at the rising-edge of the 16th, 32nd, 186th, or 128th pulse of the basic clock, data can be latched at
the middle of the bit. The reception margin is given by the following formula.

1 |D-05]
= - )- — - =1 + 0,
M=[(05~- 5 )~(L-05)F N (1+ F) | x 100%

Where M: Reception margin (%)
N: Ratio of bit rateto clock (N = 32, 64, 372, and 256)
D: Clock duty cycle (D =0t0 1.0)
L: Framelength (L = 10)
F: Absolute value of clock frequency deviation

Assuming values of F =0, D = 0.5 and N = 372 in the above formula, the reception margin
formulaisasfollows.

M = (0.5—1/2 x 372) x 100%
= 49.866%
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372 clocks |
186 clocks

371
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Receive data T Start bit
(RXD) :|: : .

Synchronization M .
sampling timing ! (b P
) H L
Data sampling M i
timing ( " ( (
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|D1

((
| DO ))
((
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)]

Figure 14.25 Receive Data Sampling Timing in Smart Card Mode
(Using Clock of 372 Timesthe Transfer Rate)

1475 Initialization

Before transmitting and receiving data, initialize the SCI as described below. Initialization is also
necessary when switching from transmit mode to receive mode, or vice versa.

El I o

o

Clear the TE and RE bitsin SCR to 0.

Clear the error flags ERS, PER, and ORER in SSR to 0.

Set the GM, BLK, O/E, BCPO, BCP1, CK S0, CK S1 bitsin SMR. Set the PE bit to 1.
Set the SMIF, SDIR, and SINV bitsin SCMR.

When the SMIF bit is set to 1, the TxD and RxD pins are both switched from portsto SCI pins,
and are placed in the high-impedance state.

Set the value corresponding to the bit ratein BRR.
Set the CKEO and CKE1 bitsin SCR. Clear the TIE, RIE, TE, RE, MPIE, and TEIE bitsto 0.
If the CKEO hit is set to 1, the clock is output from the SCK pin.

Wait at least one bit interval, then set the TIE, RIE, TE, and RE bitsin SCR. Do not set the TE
bit and RE bit at the same time, except for self-diagnosis.

To switch from receive mode to transmit mode, after checking that the SCI has finished reception,
initialize the SCI, and set RE to 0 and TE to 1. Whether SCI has finished reception or not can be
checked with the RDRF, PER, or ORER flags. To switch from transmit mode to receive mode,
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after checking that the SCI has finished transmission, initialize the SCI, and set TE to 0 and RE to
1. Whether SCI has finished transmission or not can be checked with the TEND flag.

14.76  Data Transmission (Except for Block Transfer Mode)

Asdatatransmission in Smart Card interface mode involves error signal sampling and
retransmission processing, the operations are different from those in normal serial communication
interface mode (except for block transfer mode). Figure 14.26 illustrates the retransfer operation
when the SCI isin transmit mode.

1. If anerror signal is sent back from the receiving end after transmission of one frameis
complete, the ERS bit in SSRisset to 1. If the RIE bit in SCR is enabled at thistime, an ERI
interrupt request is generated. The ERS bit in SSR should be kept cleared to O until the next
parity bit is sampled.

2. The TEND hit in SSR is not set for aframein which an error signal indicating an abnormality
isreceived. Dataisretransferred from TDR to TSR, and retransmitted automatically.

3. If anerror signal is not sent back from the receiving end, the ERS bit in SSR is not set.
Transmission of one frame, including aretransfer, is judged to have been completed, and the
TEND bhitin SSRisset to 1. If the TIE bit in SCR isenabled at thistime, a TXI interrupt
reguest is generated. Writing transmit datato TDR transfers the next transmit data.

Figure 14.28 shows a flowchart for transmission. The sequence of transmit operations can be
performed automatically by specifying the DTC to be activated with a TXI interrupt source. In a
transmit operation, the TDRE flag is set to 1 at the same time as the TEND flag in SSR is set, and
aTXI interrupt will be generated if the TIE bit in SCR has been set to 1. If the TXI request is
designated beforehand as a DTC activation source, the DTC will be activated by the TXI request,
and transfer of the transmit datawill be carried out. The TDRE and TEND flags are automatically
cleared to O when datais transferred by the DTC. In the event of an error, the SCI retransmits the
same data automatically. During this period, the TEND flag remains cleared to 0 and the DTC is
not activated. Therefore, the SCI and DTC will automatically transmit the specified number of
bytesin the event of an error, including retransmission. However, the ERS flag is not cleared
automatically when an error occurs, and so the RIE bit should be set to 1 beforehand so that an
ERI request will be generated in the event of an error, and the ERS flag will be cleared.

When performing transfer using the DTC, it is essential to set and enable the DTC before carrying
out SCI setting. For details of the DTC setting procedures, refer to section 8, Data Transfer
Controller (DTC).
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Transfer
|~<— nth transfer frame —>|-<— Retransferred frame —*I-‘— frame n+1
-|Ds|DO|D1|D2|D3|D4|D5|D6|D7|Dph_£|—|DleOlD1|D2|D3|D4|D5|D6|D7|Dp ©5 o Do|p1]p2|palp4

TDRE J I_l
* Transfer to TSR from TDR * Transfer to TSR from TDR Transfer to TSR

TEND I_l from TDR
Lo b3

b b

FER/ERS

Figure 14.26 Retransfer Operation in SCI Transmit Mode

The timing for setting the TEND flag depends on the value of the GM bit in SMR. The TEND flag
set timing is shown in figure 14.27.

/O data Ds |Do|D1|D2|D3|D4|D5|D6| D7 |Dp| ‘DE} !

TEND int t -~ -

( interrupt) 12.5 etu '

When GM =0 |
11.0 etu .

When GM = 1 ,

Legend:

Ds: Start bit

DO to D7: Data bits

Dp: Parity bit

DE: Error signal

Figure 14.27 TEND Flag Generation Timing in Transmission Operation
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( Start
|

| Initialization

( Start transmission )
I
No
ERS =0?
Yes
( Error processing )
Yes

Write data to TDR,
and clear TDRE flag
in SSRto 0

All data transmitted ?
Yes
No
ERS =0?
Yes Vs
L
Yes
| Clear TE bit to 0 |

|
( End )

/

No

Error processing )

Figure 14.28 Example of Transmission Processing Flow
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14.7.7  Serial Data Reception (Except for Block Transfer Mode)

Data reception in Smart Card interface mode uses the same operation procedure as for normal
serial communication interface mode. Figure 14.29 illustrates the retransfer operation when the
SCl isin receive mode.

1. If anerror isfound when the received parity bit is checked, the PER bitin SSRis
automatically set to 1. If the RIE bit in SCRis set at thistime, an ERI interrupt request is
generated. The PER bit in SSR should be kept cleared to O until the next parity bit is sampled.

2. The RDRF bit in SSR is not set for aframe in which an error has occurred.

3. If noerror isfound when the received parity bit is checked, the PER bit in SSR is not set to 1,
the receive operation is judged to have been completed normally, and the RDRF flag in SSR is
automatically set to 1. If the RIE bit in SCR is enabled at thistime, an RXI interrupt request is
generated.

Figure 14.30 shows a flowchart for reception. A sequence of receive operations can be performed
automatically by specifying the DTC to be activated using an RXI interrupt source. In areceive
operation, an RX| interrupt request is generated when the RDRF flag is set to 1 if the RIE bit is set
to 1. If the RXI reguest is designated beforehand as a DTC activation source, the DTC will be
activated by the RXI request, and the receive datawill be transferred. The RDRF flag is cleared to
0 automatically when datais transferred by the DTC. If an error occurs in receive mode and the
ORER or PER flag is set to 1, atransfer error interrupt (ERI) request will be generated. Hence, so
the error flag must be cleared to 0. In the event of an error, the DTC is not activated and receive
datais skipped. Therefore, receive datais transferred for only the specified number of bytesin the
event of an error. Even when a parity error occurs in receive mode and the PER flag is set to 1, the
data that has been received is transferred to RDR and can be read from there.

Note: For details on receive operationsin block transfer mode, refer to 14.4, Operation in
Asynchronous Mode.

Transfer
‘47 nth transfer frame H‘H Retransferred frame 4+* frame n+1

-|Ds|D0|D1|D2|D3|D4|D5|D6|D7|Dp|-|%—|Ds|D0|D1 |D2|D3|D4|D5|D6|D7|DpIE=Ds|DO|D1 [p2[pao4|

RDRF | |

kg b
PER |
o big

Figure 14.29 Retransfer Operation in SCI Receive Mode
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(C Start )
|

| Initialization |
|

( Start reception )

ORER =0 and No

PER =0

)

Error processing )

Read RDR and clear
RDREF flag in SSR to 0

All data received?

Yes
| Clear RE bitto 0 |

Figure 14.30 Example of Reception Processing Flow
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14.7.8  Clock Output Control

When the GM hit in SMR is set to 1, the clock output level can be fixed with bits CKEO and
CKE1 in SCR. At thistime, the minimum clock pulse width can be made the specified width.
Figure 14.31 shows the timing for fixing the clock output level. In this example, GM isset to 1,
CKE1 iscleared to 0, and the CKEQ bit is controlled.

CKEO

SCK —Ii 44 _l

Specified pulse width Specified pulse width

Figure14.31 Timing for Fixing Clock Output L evel

When turning on the power or switching between Smart Card interface mode and software

standby mode, the following procedures should be followed in order to maintain the clock duty
cycle.

Powering On: To secure clock duty cycle from power-on, the following switching procedure
should be followed.

1. Theinitial stateisport input and high impedance. Use a pull-up resistor or pull-down
resistor to fix the potential.

2. Fix the SCK pin to the specified output level with the CKEL bit in SCR.
3. Set SMR and SCMR, and switch to smart card mode operation.
4. Set the CKEO bit in SCR to 1 to start clock output.
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When changing from smart card interface mode to softwar e standby mode:

1. Setthe dataregister (DR) and data direction register (DDR) corresponding to the SCK pin
to the value for the fixed output state in software standby mode.

2. Write 0 to the TE bit and RE bit in the serial control register (SCR) to halt transmit/receive
operation. At the same time, set the CKEL bit to the value for the fixed output state in
software standby mode.

3. Write 0 to the CKEOQ bhit in SCR to halt the clock.
4. Wait for one seria clock period.

During thisinterval, clock output is fixed at the specified level, with the duty cycle
preserved.

5. Make the transition to the software standby state.
When returning to smart card interface mode from softwar e standby mode:

1. Exit the software standby state.

2. Write 1 to the CKEO hit in SCR and output the clock. Signal generation is started with the
normal duty cycle.

Software
Normal operation standby Normal operation

T bt

11 [2] 3] (4] [8] (1 2]

Figure14.32 Clock Halt and Restart Procedure
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14.8 Interrupt Sources

14.81 Interruptsin Normal Serial Communication Interface Mode

Table 14.12 shows the interrupt sources in normal serial communication interface mode. A
different interrupt vector is assigned to each interrupt source, and individual interrupt sources can
be enabled or disabled using the enable bitsin SCR.

When the TDRE flag in SSRis set to 1, a TXI interrupt request is generated. When the TEND flag
in SSRisset to 1, a TEI interrupt request is generated. A TXI interrupt can activate the DTC to
perform data transfer. The TDRE flag is cleared to 0 automatically when datais transferred by the
DTC.

When the RDRF flag in SSR is set to 1, an RXI interrupt request is generated. When the ORER,
PER, or FER flagin SSRis set to 1, an ERI interrupt request is generated. An RXI interrupt
request can activate the DTC to transfer data. The RDRF flag is cleared to 0 automatically when
dataistransferred by the DTC.

A TEI interrupt is requested when the TEND flag isset to 1 and the TEIE bitissetto 1. If aTEI
interrupt and a TXI interrupt are requested simultaneously, the TXI interrupt has priority for
acceptance. However, if the TDRE and TEND flags are cleared simultaneously by the TXI
interrupt routine, the SCI cannot branch to the TEI interrupt routine later.

Table 14.12 SCI Interrupt Sources

Channel Name Interrupt Source Interrupt Flag DTC Activation
0 ERI_O Receive Error ORER, FER, PER Not possible
RXI_0 Receive Data Full RDRF Possible
TXI_O0 Transmit Data Empty TDRE Possible
TEI_O Transmission End TEND Not possible
2 ERI_2 Receive Error ORER, FER, PER Not possible
RXI_2 Receive Data Full RDRF Possible
TXI_2 Transmit Data Empty TDRE Possible
TEI_2 Transmission End TEND Not possible
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14.82 Interruptsin Smart Card I nterface Mode

Table 14.13 shows the interrupt sources in Smart Card interface mode. The transmit end interrupt
(TEI) request cannot be used in this mode.

Table 14.13 SCI Interrupt Sources

Channel Name Interrupt Source Interrupt Flag DTC Activation
0 ERI_O Receive Error, error ORER, PER, ERS Not possible
signal detection
RXI_0 Receive Data Full RDRF Possible
TXI_O Transmit Data Empty TEND Possible
2 ERI_2 Receive Error, error ORER, PER, ERS Not possible
signal detection
RXI_2 Receive Data Full RDRF Possible
TXI_ 2 Transmit Data Empty TEND Possible

In Smart Card interface mode, asin normal serial communication interface mode, transfer can be
carried out using the DTC. In transmit operations, the TDRE flag is also set to 1 at the same time
asthe TEND flag in SSR is set, and a TX| interrupt is generated. If the TXI request is designated
beforehand as a DTC activation source, the DTC will be activated by the TXI request, and
transmit datawill be transferred. The TDRE and TEND flags are automatically cleared to 0 when
dataistransferred by the DTC. In the event of an error, the SCI retransmits the same data
automatically. During this period, the TEND flag remains cleared to 0 and the DTC is not
activated. Therefore, the SCI and DTC will automatically transmit the specified number of bytes
in the event of an error, including retransmission. However, the ERS flag is not cleared
automatically when an error occurs. Hence, the RIE bit should be set to 1 beforehand so that an
ERI request will be generated in the event of an error, and the ERS flag will be cleared.

When transferring using the DTC, it is essential to set and enable the DTC before carrying out SCI
setting. For details of the DTC setting procedures, refer to section 8, Data Transfer Controller
(DTC).

In receive operations, an RXI interrupt request is generated when the RDRF flag in SSRis set to
1. If the RXI request is designated beforehand as a DTC activation source, the DTC will be
activated by the RXI request, and the receive data will be transferred. The RDRF flag is cleared to
0 automatically when dataistransferred by the DTC. If an error occurs, an error flag is set but the
RDRF flag is not. Consequently, the DTC is not activated, instead, an ERI interrupt request is sent
to the CPU. Therefore, the error flag should be cleared.
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149 Usage Notes

149.1 Module Stop Mode Setting

SCI operation can be disabled or enabled using the module stop control register. Theinitial setting
isfor SCI operation to be halted. Register accessis enabled by clearing module stop mode. For
details, refer to section 22, Power-Down Modes.

14.9.2 Break Detection and Processing

When framing error detection is performed, a break can be detected by reading the RxD pin value
directly. In abreak, the input from the RxD pin becomes all Os, setting the FER flag, and possibly
the PER flag. Note that as the SCI continues the receive operation after receiving a break, even if
the FER flagis cleared to O, it will be set to 1 again.

149.3 Mark State and Break Detection

When TE is 0, the TxD pin isused as an 1/O port whose direction (input or output) and level are
determined by DR and DDR. This can be used to set the TxD pin to mark state (high level) or send
abreak during serial data transmission. To maintain the communication line at mark state until TE
isset to 1, set both DDR and DR to 1. As TE iscleared to O at this point, the TxD pin becomes an
1/O port, and 1 is output from the TxD pin. To send a break during serial transmission, first set
DDRto 1 and DR to O, and then clear TE to 0. When TE is cleared to 0, the transmitter is
initialized regardless of the current transmission state, the TxD pin becomes an 1/O port, and O is
output from the TxD pin.

1494 Receive Error Flagsand Transmit Operations (Clocked Synchronous Mode Only)

Transmission cannot be started when areceive error flag (ORER, PER, or FER) isset to 1, even if
the TDRE flag is cleared to 0. Be sure to clear the receive error flags to 0 before starting
transmission. Note also that receive error flags cannot be cleared to 0 even if the RE bit is cleared
to 0.
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1495 SCI Operationsduring Mode Transitions
Transmission

Before making the transition to module stop, software standby, watch, sub-active, or sub-deep
mode, stop all transmit operations (TE = TIE = TEIE = 0). TSR, TDR, and SSR are reset. The
states of the output pins during each mode depend on the port settings, and the pins output a high-
level signal after mode is cancelled and then the TE is set to 1 again. If the transition is made
during data transmission, the data being transmitted will be undefined.

To transmit data in the same transmission mode after mode cancellation, set TE to 1, read SSR,
writeto TDR, clear TDRE in this order, and then start transmission. To transmit data in adifferent
transmission mode, initialize the SCI first.

Figure 14.33 shows a sample flowchart for mode transition during transmission. Figures 14.34 and
14.35 show the pin states during transmission.

Before making the transition from the transmission mode using DTC transfer to module stop,
software standby, watch, sub-active, or sub-sleep mode, stop all transmit operations (TE = TIE =
TEIE =0). Setting TE and TIE to 1 after mode cancellation generates a TX| interrupt request to
start transmission using the DTC.
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Transmission
'

[1] Data being transmitted is lost
halfway. Data can be normally
transmitted from the CPU by
setting TE to 1, reading SSR,
writing to TDR, and clearing
TDRE to 0 after mode
cancellation; however, if the DTC
has been initiated, the data
remaining in DTC RAM will be
transmitted when TE and TIE are

All data transmitted?

Read TEND flag in SSR

Yes setto 1.
TE=0 [2] [2] Also clear TIE and TEIE to 0
when they are 1.
I Make transition to software standby mode etc. I [3] [3] Module stop, watch, sub-active,
[ and sub-sleep modes are
included.

I Cancel software standby mode etc. I

Change operating mode?

TE=1

Initialization

Start transmission

Figure 14.33 Sample Flowchart for Mode Transition during Transmission

Transition to Software standby
Transmission start Transmission end  Software standby 0 5 ot led

\ 4 I T
TE bit I [_‘—‘_'7

SCK : i
' i Port i
output pin ] input/%utput .

{C {C
Z:E)ut pin inpuYontput T High output Start £ X7 Y stop T Port input/output T High output
P SCI TxD output Port scl

ort (¢]
‘ ‘ ! TxD output

Figure14.34 Pin Statesduring Transmission in Asynchronous Mode (Internal Clock)
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o o Transition to Software standby
Transmission start Transmission end  software standby mode cancelled

¢ ‘ mode ¢ ‘
TE bit I i i ‘
SCK { ——e—\/—
output pin ' SJ 3 < input/output > 3

' {( {( ! '
ZL),(IE)Ut pin inputontput T‘ Marking output ”\< X X " TLast TD bit retained%(l:’on input/output Y High output®
Port SCI TxD output Port ——|a— sci

[ [ TxD output

Note: * Initialized in software standby mode

Figure 14.35 Pin Statesduring Transmission in Clocked Synchronous M ode
(Internal Clock)

Reception

Before making the transition to module stop, software standby, watch, sub-active, or sub-deep
mode, stop reception (RE = 0). RSR, RDR, and SSR arereset. If transition is made during data
reception, the data being received will be invalid.

To receive data in the same reception mode after mode cancellation, set RE to 1, and then start
reception. To receive datain a different reception mode, initialize the SCI first.

Figure 14.36 shows a sample flowchart for mode transition during reception.
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Reception

| Read RDRF flag in SSR |

« No [1] [1] Data being received will be invalid.

I Read receive data in RDR I

‘ [2] Module stop, watch, sub-active, and sub-
RE=0 sleep modes are included.

I Make transition to software standby mode etc. I [2]

[

I Cancel software standby mode etc. I

Change operating mode?

Yes

Initialization

RE=1

Start reception

Figure 14.36 Sample Flowchart for Mode Transition during Reception

Rev. 4.00 Mar. 16, 2010 Page 374 of 606
REJ09B0155-0400
RENESAS




Section 14 Serial Communication Interface (SCI)

149.6  Noteswhen Switching from SCK Pin to Port Pin

e Problem in Operation: When DDR and DR are set to 1, SCI clock output is used in clocked
synchronous mode, and the SCK pin is changed to the port pin while transmission is ended,
port output is enabled after low-level output occurs for one half-cycle.

When switching the SCK pin to the port pin by making the following settings while DDR = 1,
DR=1,C/A=1,CKE1=0,CKEO=0, and TE = 1, low-level output occurs for one half-
cycle.

End of serial datatransmission

TEbit=0

C/A bit =0 ... switchover to port output

Occurrence of low-level output (see figure 14.37)

El I o

Half-cycle low-level output

SCK/port |_|
1. End of transmission ' 4. Low-level output

Data Bite X Bit7 1 )

2.TE=0 !
TE I 1
C/A l 3.C/A=0
CKE1
CKEO

Figure 14.37 Operation when Switching from SCK Pin to Port Pin
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e Usage Note: To prevent low-level output occurred when switching the SCK pin to port pin,
follow the procedure described below.

As this sample procedure temporarily places the SCK pin in the input state, the SCK/port pin
should be pulled up beforehand with an external circuit.

With DDR =1, DR =1, C/A = 1, CKE1 =0, CKEO = 0, and TE = 1, make the following
settings in the order shown.

End of serial datatransmission

TEbit=0

CKElbit=1

C/A bit =0 ... switchover to port output

CKE1bit=0

o s w e

High-level output

1. End of transmission

s
sokpot | ] &)

Data Bite X Bit7
2. TE=0 i
TE !
C/A 4.C/A=0
3. CKE1 =1 [
CKE1 I ! | 5.CKE1=0
CKEO '

Figure 14.38 Operation when Switching from SCK Pin to Port Pin
(Example of Preventing L ow-Level Output)
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Section 15 Controller Area Network (HCAN)

The HCAN isamodule for controlling a controller area network (CAN) for realtime
communication in vehicular and industrial equipment systems, etc. For details on CAN
specification, refer to Bosch CAN Specification Version 2.0 1991, Robert Bosch GmbH.

The block diagram of the HCAN is shown in figure 15.1.

15.1 Features

e CAN version: Bosch 2.0B active compatible
— Communication systems. NRZ (Non-Return to Zero) system (with bit-stuffing function)
— Broadcast communication system
— Transmission path: Bidirectional 2-wire serial communication
— Communication speed: Max. 1 Mbps
— Datalength: 8 to 0 bytes
e Number of channels: 1
e Databuffers: 16 (one receive-only buffer and 15 buffers settable for transmission/reception)
e Datatransmission: Two methods
— Mailbox (buffer) number order (low-to-high)
— Message priority (identifier) reverse-order (high-to-low)
e Datareception: Two methods
— Message identifier match (transmit/receive-setting buffers)
— Reception with message identifier masked (receive-only)
e CPU interrupts: 12
— Error interrupt
— Reset processing interrupt
— Message reception interrupt
— Message transmission interrupt
e HCAN operating modes
e Support for various modes
— Hardware reset
— Software reset
— Normal status (error-active, error-passive)
— Busoff status
— HCAN configuration mode
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— HCAN sleep mode

— HCAN halt mode
e Other features

— DTC can be activated by message reception mailbox (HCAN mailbox 0 only)
e Module stop mode can be set

@ mBl ot (CDLC)
2 9 essage buffer CAN
ol g Mailboxes Data Link Controller
Bl Message control LAEM Bosch CAN 2.0B active]
© % Message data
[
gl |e MC15 to MCO, MD15 to MDO HTXD
s s Tx buffer
5| |5 [ ]
a||a
MPI HRxD
Microprocessor interface Rx buffer
CPU interface
Control register
— Status register

Figure15.1 HCAN Block Diagram

e Message Buffer Interface (MBI)
The MBI, consisting of mailboxes and alocal acceptance filter mask (LAFM), stores CAN
transmit/receive messages (identifiers, data, etc.) Transmit messages are written by the CPU.
For receive messages, the data received by the CDLC is stored automatically.

e Microprocessor Interface (MP1)
The MPI, consisting of a bus interface, control register, status register, etc., controls HCAN
internal data, status, and so forth.

e CAN DataLink Controller (CDLC)
The CDLC, conforming to the Bosch CAN Ver. 2.0B active standard, performs transmission
and reception of messages (data frames, remote frames, error frames, overload frames, inter-
frame spacing), as well as CRC checking, bus arbitration, and other functions.
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15.2  Input/Output Pins
Table 15.1 showsthe HCAN's pins.

When using HCAN pins, settings must be made in the HCAN configuration mode (during
initialization: MCRO = 1 and GSR3 = 1).

Table15.1 HCAN Pins

Name Abbreviation Input/Output Function
HCAN transmit data pin HTxD Output CAN bus transmission pin
HCAN receive data pin HRxD Input CAN bus reception pin

A busdriver is necessary for the interface between the pins and the CAN bus. A R2A25416SP
compatible model is recommended.

153 Register Descriptions

The HCAN has the following registers. For the addresses of these registers and information on the
register statesin different operating modes, see section 23, List of Registers.

e Master control register (MCR)

e Genera statusregister (GSR)

e Bit configuration register (BCR)

e Mailbox configuration register (MBCR)

e Transmit wait register (TXPR)

e Transmit wait cancel register (TXCR)

e Transmit acknowledge register (TXACK)
e Abort acknowledge register (ABACK)

e Receive complete register (RXPR)

e Remote request register (RFPR)

e Interrupt register (IRR)

e Mailbox interrupt mask register (MBIMR)
e Interrupt mask register (IMR)

e Receive error counter (REC)

e Transmit error counter (TEC)

e Unread message status register (UM SR)

e Local acceptance filter mask L (LAFML)
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e Local acceptancefilter mask H (LAFMH)

e Message control (8 bit x 8 registers x 16 sets) (MC15 to MCO)
e Message data (8 hit x 8 registers x 16 sets) (MD15 to MDO)

e HCAN Monitor Register (HCANMON)

1531 Magster Control Register (MCR)

MCR controlsthe HCAN.

Bit Bit Name Initial Value R/W Description

7 MCR7 0 R/W HCAN Sleep Mode Release
When this bit is set to 1, the HCAN automatically
exits HCAN sleep mode on detection of CAN bus
operation.

6 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

5 MCR5 0 R/W HCAN Sleep Mode

When this bit is set to 1, the HCAN transits to
HCAN sleep mode. When this bit is cleared to 0,
HCAN sleep mode is released.

4,3 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

2 MCR2 0 R/W Message Transmission Method

0: Transmission order determined by message
identifier priority

1: Transmission order determined by mailbox
(buffer) number priority (TXPR1 > TXPR15)

1 MCR1 0 R/W Halt Request

When this bit is set to 1, the HCAN transits to
HCAN HALT mode. When this bit is cleared to 0,
HCAN HALT mode is released.

Rev. 4.00 Mar. 16, 2010 Page 380 of 606
REJ09B0155-0400
RENESAS



Section 15 Controller Area Network (HCAN)

Bit Bit Name Initial Value R/W

Description

0 MCRO 1 R/W

Reset Request

When this bit is set to 1, the HCAN transits to reset
mode. For details, refer to 15.4.1, Hardware and
Software Resets.

[Setting condition]

o l-write (software reset)

[Clearing condition]

e When 0 is written to this bit while the GSR3 bit
inGSRis 1

15.3.2 General Status Register (GSR)

GSR indicates the status of the CAN bus.

Bit Bit Name Initial Value R/W Description

7t0 — All 0 R Reserved

4 These bits are always read as 0. The write value
should always be 0.

3 GSR3 1 R Reset Status Bit

Indicates whether the HCAN module is in the
normal operation state or the reset state. This bit
cannot be modified.

[Setting conditions]

e When entering configuration mode after the
HCAN internal reset has finished

e Sleep mode

[Clearing condition]

o When entering the normal operation state after
the MCRO bit in MCR is cleared to 0 (Note that
there is a delay between clearing of the MCRO
bit and the GSR3 bit).
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Bit Bit Name Initial Value R/W Description

2 GSR2 1 R Message Transmission Status Flag

Flag that indicates whether the module is currently
in the message transmission period. This bit cannot
be modified.

[Setting condition]

e Third bit of Intermission after EOF (End of
Frame)

[Clearing condition]
e Start of message transmission (SOF)

1 GSR1 0 R Transmit/Receive Warning Flag
This bit cannot be modified.
[Clearing condition]

e When TEC < 96 and REC < 96 or TEC > 256
(bus off state)

[Setting condition]
e When TEC > 96 or REC > 96

0 GSRO 0 R Bus Off Flag
This bit cannot be modified.
[Setting condition]
o When TEC > 256 (bus off state)

[Clearing condition]
e Recovery from bus off state
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15.3.3

Bit Configuration Register (BCR)

BCR that is used to set HCAN bit timing parameters and the baud rate prescaler. For details on
parameters, refer to section 15.4.2, Initialization after Hardware Reset.

Bit Bit Name Initial Value R/W Description
15 BCR7 0 R/W Re-Synchronization Jump Width (SJW)
14 BCRG6 0 R/W Set the maximum bit synchronization width.
00: 1 time quantum
01: 2 time quanta
10: 3 time quanta
11: 4 time quanta
13 BCR5 0 R/W Baud Rate Prescaler (BRP)
12 BCR4 0 R/W Set the length of time quanta.
11 BCR3 0 R/W 000000: 2 x system clock
10 BCR2 0 R/W 000001: 4 x system clock
BCR1 0 R/W 000010: 6 x system clock
BCRO 0 R/W :
111111: 128 x system clock
7 BCR15 0 R/W Bit Sample Point (BSP)
Sets the point at which data is sampled.
0: Bit sampling at one point (end of time segment 1
(TSEGY))
1: Bit sampling at three points (end of TSEG1 and
preceding and following time quanta)
BCR14 R/W Time Segment 2 (TSEG2)
BCR13 R/W Set the TSEG2 width within a range of 2 to 8 time
BCR12 RwW  guanta.

000: Setting prohibited
001: 2 time quanta
010: 3 time quanta
011: 4 time quanta
100: 5 time quanta
101: 6 time quanta
110: 7 time quanta
111: 8 time quanta
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Bit Bit Name Initial Value R/W Description

3 BCR11 0 R/W Time Segment 1 (TSEG1)

2 BCR10 0 R/W Set the TSEG1 (PRSEG + PHSEG1) width to
1 BCR9 0 R/W between 16 and 4 time quanta.

0 BCRS 0 R/W 0000: Setting prohibited

0001: Setting prohibited
0010: Setting prohibited
0011: 4 time quanta
0100: 5 time quanta
0101: 6 time quanta
0110: 7 time quanta
0111: 8 time quanta
1000: 9 time quanta
1001: 10 time quanta
1010: 11 time quanta
1011: 12 time quanta
1100: 13 time quanta
1101: 14 time quanta
1110: 15 time quanta
1111: 16 time quanta
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1534

Mailbox Configuration Register (MBCR)

MBCR is used to set the transfer direction for each mailbox.

Bit Bit Name Initial Value R/W Description

15 MBCR7 0 R/W These bits set the transfer direction for the

14 MBCR6 0 RIW corresponding mailboxes 15 to 1. MBCRn
determines the transfer direction for mailbox n (n =

13 MBCR5 0 R/W 15 to 1).

12 MBCR4 0 RIW 0: Corresponding mailbox is set for transmission

11 MBCR3 0 RIW 1: Corresponding mailbox is set for reception

10 MBCR2 0 RIW Bit 8 is reserved. This bit is always read as 1. The

9 MBCR1 0 R/W write value should always be 1.

8 — 1 R

7 MBCR15 0 R/W

6 MBCR14 0 R/W

5 MBCR13 0 R/W

4 MBCR12 0 R/W

3 MBCR11 0 R/W

2 MBCR10 0 R/W

1 MBCR9 0 R/W

0 MBCRS8 0 R/W
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1535 Transmit Wait Register (TXPR)

TXPR isused to set atransmit wait after atransmit message is stored in a mailbox (buffer) (CAN
bus arbitration wait).

Bit Bit Name Initial Value R/W Description

15 TXPR7 0 R/W These bits set a transmit wait (CAN bus arbitration

14 TXPR6 0 R/W wait) for the corresponding mailboxes 15 to 1.
When TXPRn (n = 15 to 1) is set to 1, the message

13 TXPRS5 0 RIW"in mailbox n becomes the transmit wait state.

12 TXPR4 0 RIW [Clearing conditions]

11~ TXPR3 0 RIW e Completion of message transmission

10 TXPR2 0 RIW e Completion of transmission cancellation

9 TXPR1 0 R/W

8 e 0 R Bit 8 is reserved. This bit is always read as 1. The
write value should always be 1.

7 TXPR15 0 R/W

6 TXPR14 0 R/W

5 TXPR13 0 R/W

4 TXPR12 0 R/W

3 TXPR11 0 R/IW

2 TXPR10 0 R/W

1 TXPR9 0 R/IW

0 TXPR8 0 R/W
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15.3.6

Transmit Wait Cancel Register (TXCR)

TXCR controls the cancellation of transmit wait messages in mailboxes (buffers).

Bit Bit Name Initial Value R/W Description

15 TXCR7 0 R/W These bits cancel the transmit wait message in the

14 TXCR6 0 R/W correspon_ding mailboxes 15 to 1 When TXCRn_(n

=15to0 1) is set to 1, the transmit wait message in

13 TXCR5 0 RW " mailbox n is canceled.

12 TXCR4 0 RIW " [Clearing condition]

11 TXCR3 0 RIW e Completion of TXPR clearing when transmit

10  TXCR2 0 RIW message is canceled normally

9 TXCR1 0 R/W

8 0 R Bit 8 is reserved. This bit is always read as 0. The
- write value should always be 0.

7 TXCR15 0 R/W

6 TXCR14 0 R/W

5 TXCR13 0 R/W

4 TXCR12 0 R/W

3 TXCR11 0 R/W

2 TXCR10 0 R/W

1 TXCR9 0 R/W

0 TXCR8 0 R/W
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15.3.7  Transmit Acknowledge Register (TXACK)

TXACK contains status flags that indicate the normal transmission of mailbox (buffer) transmit
messages.

Bit Bit Name Initial Value R/W Description
15 TXACK7 0 R/(W)*  These bits are status flags that indicate error-free
14 TXACKSG 0 RI(W)* transmissio_n of thg transmit message in the

.  corresponding mailboxes 15 to 1. When the
13 TXACKS 0 RI(W) message in mailbox n (n = 15 to 1) has been
12 TXACK4 0 R/(W)*  transmitted error-free, TXACKn is set to 1.
11  TXACK3 0 R/(W)*  [Setting condition]
10 TXACK2 0 R/I(W)* e Completion of message transmission for
9 TXACK1 0 R/(W)* corresponding mailbox
3 ;(ACK15 2 E/(W)* [Clearing condition]

e Writing 1

6 TXACK14 0 R/(W)*
5 TXACK13 0 R/(W)* Bit 8 is reserved. This bit is always read as O.
4 TXACK12 0 RIOW)* The write value should always be 0.
3 TXACK11 0 R/(W)*
2 TXACK10 0 R/(W)*
1 TXACK9 0 R/(W)*
0 TXACKS8 0 R/(W)*

Note: * Only 1 can be written to clear the flag.
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15.3.8

Abort Acknowledge Register (ABACK)

ABACK contains status flags that indicate the normal cancellation (aborting) of mailbox (buffer)

transmit messages.

Bit Bit Name Initial Value R/W Description
15 ABACK7 0 R/(W)*  These bits are status flags that indicate error-free
14 ABACKS6 0 RI(W)* cancellation (at?ortion)_ of the transmit message in

,  the corresponding mailboxes 15 to 1. When the
13 ABACKS 0 RI(W) message in mailbox n (n = 15 to 1) has been
12 ABACK4 0 R/(W)*  canceled error-free, ABACKn is set to 1.
11  ABACK3 0 R/(W)*  [Setting condition]
10 ABACK2 0 R/I(W)* e Completion of transmit message cancellation
9 ABACK1 0 R/(W)* for corresponding mailbox
3 ;ACK15 2 E/(W)* [Clearing condition]

o Writing 1

*
6 ABACK14 0 R/(W)* Bit 8 is reserved. This bit is always read as O.
5 ABACK13 0 R/(W) The write value should always be 0.
4 ABACK12 0 R/(W)*
3 ABACK11 0 R/(W)*
2 ABACK10 0 R/(W)*
1 ABACK9 0 R/(W)*
0 ABACKS 0 RI(W)*
Note: * Only 1 can be written to clear the flag.
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15.3.9

Receive Complete Register (RXPR)

RXPR contains status flags that indicate the normal reception of messagesin mailboxes (buffers).
For reception of aremote frame, when abit in thisregister is set to 1, the corresponding remote
request register (RFPR) bit is also set to 1 simultaneoudly.

Bit Bit Name Initial Value R/W Description

15 RXPR7 0 R/(W)*  When the message in mailbox n (n = 15 to 1) has
14 RXPR6 0 R/(W)* been received error-free, RXPRn is set to 1.
13 RXPR5 0 RI(W)* [Setting condition]

12 RXPR4 0 RIW)*  ® Completion of message (data frame or
11 RXPR3 0 RI(W)* remote frame) reception in corresponding
10  RXPR2 0 R/(W)* mailbox

9 RXPR1 0 R/(W)*  [Clearing condition]

8 RXPRO 0 R/(W)* e Writing 1

7 RXPR15 0 R/(W)*

6 RXPR14 0 RI(W)*

5 RXPR13 0 R/(W)*

4 RXPR12 0 R/(W)*

3 RXPR11 0 R/(W)*

2 RXPR10 0 R/(W)*

1 RXPR9 0 R/(W)*

0 RXPR8 0 RI(W)*

Note: * Only 1 can be written to clear the flag.
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15.3.10 Remote Request Register (RFPR)

RFPR contains status flags that indicate normal reception of remote frames in mailboxes (buffers).
When abit in thisregister is set to 1, the corresponding receive complete register (RXPR) bit is
also set to 1 simultaneoudly.

Bit Bit Name Initial Value R/W Description

15 RFPR7 0 R/(W)*  When mailbox n (n = 15 to 0) has received the
14 REPR6 0 RI(W)* remote frame error-free, RFPRn (n = 15to 1) is
13 RFPR5 0 RI(W)* s€t t(_) b y

12 REPRA4 0 RIW)* [Setting con.dltlon] o

11 RFPR3 0 RIW)* . Completlon. of rempte frame reception in
10 REPR2 0 RIW)* corresponding mailbox

9 RFPR1 0 R/(W)*  [Clearing condition]

8 RFPRO 0 RI(W)* e Writing 1

7 RFPR15 0 R/(W)*

6 RFPR14 0 RI(W)*

5 RFPR13 0 R/(W)*

4 RFPR12 0 R/(W)*

3 RFPR11 0 R/(W)*

2 RFPR10 0 RI(W)*

1 RFPR9 0 R/(W)*

0 RFPRS 0 R/(W)*

Note: * Only 1 can be written to clear the flag.
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15.3.11 Interrupt Register (IRR)

IRR isan interrupt status flag register.
R/W

Bit Bit Name Initial Value

Description

15 IRR7 0 RI(W)*

Overload Frame Interrupt Flag

Status flag indicating on overload frame has been
transmitted by HCAN.

[Setting condition]

e When an overload frame is transmitted in error
active/passive state

[Clearing condition]
e Writing 1

14  IRR6 0 R/(W)*

Bus Off Interrupt Flag

Status flag indicating the bus off state caused by
the transmit error counter.

[Setting condition]
e When TEC > 256

[Clearing condition]
o Writing 1

13  IRR5 0 R/(W)*

Error Passive Interrupt Flag

Status flag indicating the error passive state
caused by the transmit/receive error counter.

[Setting condition]
e When TEC > 128 or REC > 128

[Clearing condition]
e Writing 1
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Bit Bit Name Initial Value R/W Description

12 IRR4 0 R/I(W)*  Receive Overload Warning Interrupt Flag
Status flag indicating the error warning state
caused by the receive error counter.
[Setting condition]
e When REC > 96
[Clearing condition]
o Writing 1

11 IRR3 0 R/I(W)*  Transmit Overload Warning Interrupt Flag
Status flag indicating the error warning state
caused by the transmit error counter.
[Setting condition]
e When TEC > 96
[Clearing condition]
e Writing 1

10 IRR2 0 R Remote Frame Request Interrupt Flag
Status flag indicating that a remote frame has
been received in a mailbox (buffer), when MBIMR
=0.
[Setting condition]
¢ When remote frame reception is completed,

when corresponding MBIMR =0
[Clearing condition]
e Clearing of all bits in RFPR (remote request
register)
9 IRR1 0 R Receive Message Interrupt Flag

Status flag indicating that a mailbox (buffer)
receive message has been received normally,
when MBIMR = 0.

[Setting condition]

¢ When data frame or remote frame reception is
completed, when corresponding MBIMR = 0

[Clearing condition]

e Clearing of all bits in RXPR (receive complete
register)
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Bit Bit Name Initial Value R/W Description

8 IRRO 1 R/I(W)* Reset Interrupt Flag

Status flag indicating that the HCAN module has
been reset. This bit cannot be masked by the
interrupt mask register (IMR). If this bit is not
cleared to 0O after entering power-on reset or
returning from software standby mode, interrupt
processing will start immediately when the
interrupt controller enables interrupts.

[Setting condition]

e When the reset operation has finished after
entering power-on reset or software standby
mode

[Clearing condition]
o Writing 1

7t0 — AllO — Reserved

These bits are always read as 0. The write value
should always be 0.

4 IRR12 0 R/(W)*  Bus Operation Interrupt Flag

Status flag indicating detection of a dominant bit
due to bus operation when the HCAN module is in
HCAN sleep mode.

[Setting condition]

e Bus operation (dominant bit) detection in
HCAN sleep mode

[Clearing condition]
e Writing 1

3,2 — AllO — Reserved

These bits are always read as 0. The write value
should always be 0.
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Bit Bit Name Initial Value R/W Description
1 IRR9 0 R Unread Interrupt Flag

Status flag indicating that a receive message has

been overwritten before being read.

[Setting condition]

e When UMSR (unread message status register)
is set

[Clearing condition]

e Clearing of all bits in UMSR (unread message
status register)

0 IRR8 0 R/(W)*  Mailbox Empty Interrupt Flag

Status flag indicating that the next transmit

message can be stored in the mailbox.

[Setting condition]

o When TXPR (transmit wait register) is cleared
by completion of transmission or completion of
transmission abort

[Clearing condition]

e Writing 1

Note: * Only 1 can be written to clear the flag.
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15.3.12 Mailbox Interrupt Mask Register (MBIMR)

MBIMR controls the enabling or disabling of individual mailbox (buffer) interrupt requests.

Bit Bit Name Initial Value R/W Description

15 MBIMR7 1 R/W Mailbox Interrupt Mask (MBIMRX)

14 MBIMRG6 1 R/W When MBIMRn (n = 15 to 1) is cleared to 0, the

13 MBIMR5S 1 R/W interrupt request in mailbox n is enabled. When set
to 1, the interrupt request is masked.

12 MBIMR4 1 R/W . . ) ) )
The interrupt source in a transmit mailbox is TXPR

11 MBIMR3 1 RIW clearing caused by transmission end or

10 MBIMR2 1 R/W transmission cancellation. The interrupt source in a

9 MBIMR1 1 RIW receive mailbox is RXPR setting on reception end.

8 MBIMRO 1 R/W

7 MBIMR15 1 R/W

6 MBIMR14 1 R/W

5 MBIMR13 1 R/W

4 MBIMR12 1 R/W

3 MBIMR11 1 R/W

2 MBIMR10 1 R/W

1 MBIMR9 1 R/W

0 MBIMR8 1 R/W
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15.3.13 Interrupt Mask Register (IMR)

IMR contains flags that enable or disable requests by individual interrupt sources. The reset
interrupt flag cannot be masked.

Bit Bit Name Initial Value R/W Description
15 IMR7 1 R/W Overload Frame Interrupt Mask

When this bit is cleared to 0, an interrupt request
by IRR7 (OVRO) is enabled. When setto 1, it is
masked.

14 IMR6 1 R/W Bus Off Interrupt Mask

When this bit is cleared to 0, an interrupt request
by IRR6 (ERSO) is enabled. When setto 1, itis
masked.

13 IMR5 1 R/W Error Passive Interrupt Mask

When this bit is cleared to 0, an interrupt request
by IRR5 (ERSO) is enabled. When set to 1, itis
masked.

12 IMR4 1 R/W Receive Overload Warning Interrupt Mask

When this bit is cleared to 0, an interrupt request
by IRR4 (OVRO) is enabled. When set to 1, it is
masked.

11 IMR3 1 R/W Transmit Overload Warning Interrupt Mask

When this bit is cleared to 0, an interrupt request
by IRR3 (OVRO) is enabled. When setto 1, it is
masked.

10 IMR2 1 R/W Remote Frame Request Interrupt Mask

When this bit is cleared to 0, an interrupt request
by IRR2 (OVRO) is enabled. When setto 1, it is
masked.

9 IMR1 1 R/W Receive Message Interrupt Mask

When this bit is cleared to 0, an interrupt request
by IRR1 (RM1) is enabled. When set to 1, it is
masked.

8 — 0 R Reserved

This bit is always read as 0. The write value should
always be 0.
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Bit Bit Name Initial Value R/W Description
7t0 — All'l R Reserved
5

These bits are always read as 1. The write value
should always be 0.

4 IMR12 1 R/W Bus Operation Interrupt Mask

When this bit is cleared to 0, an interrupt request
by IRR12 (OVRO) is enabled. When setto 1, itis
masked.

3,2 — All 1 R Reserved

These bits are always read as 1. The write value
should always be 0.

1 IMR9 1 R/W Unread Interrupt Mask

When this bit is cleared to 0, an interrupt request
by IRR9 (OVRO) is enabled. When set to 1, it is
masked.

0 IMR8 1 R/W Mailbox Empty Interrupt Mask

When this bit is cleared to 0, an interrupt request
by IRR8 (SLEO) is enabled. When set to 1, it is
masked.

15.3.14 ReceiveError Counter (REC)

REC is an 8-hit read-only register that functions as a counter indicating the number of receive
message errors on the CAN bus. The count value is stipulated in the CAN protocol.

15.3.15 Transmit Error Counter (TEC)

TEC isan 8-bit read-only register that functions as a counter indicating the number of transmit
message errors on the CAN bus. The count value is stipulated in the CAN protocol.
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15.3.16 Unread Message Status Register (UM SR)

UMSR contains status flags that indicate, for individual mailboxes (buffers), that a received
message has been overwritten by a new receive message before being read. When overwritten by a
new message, datain the unread received message islost.

Bit Bit Name Initial Value R/W Description

15 UMSR7 0 R/I(W)*  The received message has been overwritten by a
14 UMSR6 0 RI(W)* new message before being read.

13 UMSR5 0 RI(W)* [Setting condition]

12 UMSR4 0 RIW)*  ® When a new message is received before
11 UMSR3 0 RI(W)* RXPR is cleared

10 UMSR2 0 RI(W)* [Clearing condition]

9  UMSRL 0 Rwy* * Writing 1

8 UMSRO 0 R/(W)*

7 UMSR15 0 R/(W)*

6 UMSR14 0 RI(W)*

5 UMSR13 0 R/(W)*

4 UMSR12 0 R/(W)*

3 UMSR11 0 R/(W)*

2 UMSR10 0 R/(W)*

1 UMSR9 0 R/(W)*

0 UMSRS 0 RI(W)*

Note: * Only 1 can be written to clear the flag.
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15.3.17 Local Acceptance Filter Masks(LAFML, LAFMH)

LAFML and LAFMH individually set the identifier bits of the message to be stored in mailbox 0
asDon't Care. For details, refer to section 15.4.4, Message Reception. The relationship between
the identifier bits and mask bits are shown in the following.

e LAFML

Bit Bit Name Initial Value R/W Description

15 LAFML7 0 R/IW When this bit is set to 1, ID-7 of the receive
message identifier is not compared.

14 LAFML6 0 R/W When this bit is set to 1, ID-6 of the receive
message identifier is not compared.

13 LAFML5 0 R/W When this bit is set to 1, ID-5 of the receive
message identifier is not compared.

12 LAFML4 0 R/W When this bit is set to 1, ID-4 of the receive
message identifier is not compared.

11 LAFML3 0 R/W When this bit is set to 1, ID-3 of the receive
message identifier is not compared.

10 LAFML2 0 R/W When this bit is set to 1, ID-2 of the receive
message identifier is not compared.

9 LAFML1 0 R/W When this bit is set to 1, ID-1 of the receive
message identifier is not compared.

8 LAFMLO 0 R/W When this bit is set to 1, ID-0 of the receive
message identifier is not compared.

7 LAFML15 0 R/W When this bit is set to 1, ID-15 of the receive
message identifier is not compared.

6 LAFML14 0 R/W When this bit is set to 1, ID-14 of the receive
message identifier is not compared.

5 LAFML13 0 R/W When this bit is set to 1, ID-13 of the receive
message identifier is not compared.

4 LAFML12 0 R/W When this bit is set to 1, ID-12 of the receive
message identifier is not compared.

3 LAFML11 0 R/W When this bit is set to 1, ID-11 of the receive
message identifier is not compared.

2 LAFML10 0 R/W When this bit is set to 1, ID-10 of the receive
message identifier is not compared.

1 LAFML9 0 R/W When this bit is set to 1, ID-9 of the receive
message identifier is not compared.

0 LAFMLS8 0 R/W When this bit is set to 1, ID-8 of the receive

message identifier is not compared.
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e LAFMH

Bit Bit Name Initial Value R/W Description

15 LAFMH7 0 R/W When this bit is set to 1, ID-20 of the receive
message identifier is not compared.

14 LAFMH6 0 R/W When this bit is set to 1, ID-19 of the receive
message identifier is not compared.

13 LAFMH5 0 R/W When this bit is set to 1, ID-18 of the receive
message identifier is not compared.

12t0 10— All O R Reserved
These bits are always read as 0. The write value
should always be 0.

9 LAFMH1 0 R/W When this bit is set to 1, ID-17 of the receive
message identifier is not compared.

8 LAFMHO 0 R/W When this bit is set to 1, ID-16 of the receive
message identifier is not compared.

7 LAFMH15 0 R/W When this bit is set to 1, ID-28 of the receive
message identifier is not compared.

6 LAFMH14 0 R/W When this bit is set to 1, ID-27 of the receive
message identifier is not compared.

5 LAFMH13 0 R/W When this bit is set to 1, ID-26 of the receive
message identifier is not compared.

4 LAFMH12 0 R/W When this bit is set to 1, ID-25 of the receive
message identifier is not compared.

3 LAFMH11 0 R/W When this bit is set to 1, ID-24 of the receive
message identifier is not compared.

2 LAFMH10 0 R/W When this bit is set to 1, ID-23 of the receive
message identifier is not compared.

1 LAFMH9 0 R/W When this bit is set to 1, ID-22 of the receive
message identifier is not compared.

0 LAFMH8 0 R/W When this bit is set to 1, ID-21 of the receive

message identifier is not compared.
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15.3.18 Message Control (MC15to MCO0)

The message control register sets consist of eight 8-bit registers for one mailbox. The HCAN has
16 sets of these registers. Because message control registers are in RAM, their initial values after
power-on are undefined. Be sureto initialize them by writing 1 or 0. Figure 15.2 showsthe
register names for each mailbox.

Mail box 0 | MCO[1] | MCO[2] | MCO[3] | MCO[4] | MCO[5] | MCO[6] | MCO[7] | MCO[8]
Mail box 1 | MC1[1] | MC1[2] | MC1[3] | MC1[4] | MC1[5] | MC1[6] | MC1[7] | MC1[8]
Mail box 2 | MC2[1] | MC2[2] | MC2[3] | MC2[4] | MC2[5] | MC2[6] | MC2[7] | MC2[8]
Mail box 3 | MC3[1] | MC3[2] | MC3[3] | MC3[4] | MC3[5] | MC3[6] | MC3[7] | MC3][8]

Mail box 15 | MC15[1] | MC15[2] | MC15[3] iMC15[4] iMC15[5] iMC15[6] iMCl5[7] iMC15[8] |

Figure15.2 Message Control Register Configuration

The setting of message control registers are shown in the following. Figures 15.3 and 15.4 show
the correspondence between the identifiers and register bit names.

soF [ D28 | D27 | [ D18 | RTR | 1DE [ RO

identifier

- »
-

Figure 15.3 Standard Format

soF | ip-28 [iD-27 | [ 1D-18 | SRR | IDE | iD-17 [ ID-16 | [ Do [rRTR [ R1

Standard identifier __ Extended identifier

Figure 15.4 Extended Format
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Register
Name

Bit

Bit Name

R/W

Description

MCx[1]

7t04

R/W

The initial value of these bits is undefined. They
must be initialized by writing 0 or 1.

3to0

DLC3to DLCO R/W

Data Length Code

Set the data length of a data frame or the data
length requested in a remote frame within the
range of 0 to 8 bits.

0000: 0 bytes
0001: 1 byte

0010: 2 bytes
0011: 3 bytes
0100: 4 bytes
0101: 5 bytes
0110: 6 bytes
0111: 7 bytes
1***: 8 bytes

MCx[2]
MCXx[3]
MCx[4]

7t00
7t00
7t00

R/W
R/W
R/W

The initial value of these bits is undefined; they
must be initialized by writing O or 1.

MCXx[5]

7t05

ID-20 to ID-18

R/W

Sets ID-20 to ID-18 in the identifier.

RTR

R/W

Remote Transmission Request

Used to distinguish between data frames and
remote frames.

0: Data frame
1: Remote frame

IDE

R/W

Identifier Extension

Used to distinguish between the standard format
and extended format of data frames and remote
frames.

0: Standard format
1: Extended format

R/W

The initial value of this bit is undefined. It must be
initialized by writing 0 or 1.

1t00

ID-17 to ID-16

Sets ID-17 and ID-16 in the identifier.

MCXx[6]

7t00

ID-28 to ID-21

R/W

Sets ID-28 to ID-21 in the identifier.

MCX[7]

7t00

ID-7 to ID-0

R/W

Sets ID-7 to ID-0 in the identifier.

MCXx[8]

7t00

ID-15 to ID-8

R/W

Sets ID-15 to ID-8 in the identifier.

Note: x: Mailbox number
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15.3.19 Message Data (MD15to MDQ)

The message data register sets consist of eight 8-bit registers for one mailbox. The HCAN has 16
sets of these registers. Because message data registers are in RAM, their initial values after power-
on are undefined. Be sure to initialize them by writing 1 or 0. Figure 15.5 shows the register

names for each mailbox.

Mail box 0 | MDO[1] | MDO[2] | MDO[3] | MDO[4] | MDO[5] | MDO[6] | MDO[7] | MDOI[S]
Mail box 1 | MD1[1] | MD1[2] | MD1[3] | MD1[4] | MD1[5] | MD1[6] | MD1[7] | MD1[8]
Mail box 2 | MD2[1] | MD2[2] | MD2[3] | MD2[4] | MD2[5] | MD2[6] | MD2[7] | MD2[8]
Mail box 3 | MD3[1] | MD3[2] | MD3[3] | MD3[4] | MD3[5] | MD3[6] | MD3[7] | MD3][8]

Mail box 15 MD15[1] | MD15[2] | MD15(3] | MD15[4] | MD15(5] | MD15[6] [MD15[7] |[MD15[g] |

Figure15.5 Message Data Configuration
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15.3.20 HCAN Monitor Register (HCANMON)

HCANMON enables/disables an interrupt by the HCAN reception, controls transmit stop by the
HTxXD pin, and reflects the states of the HCAN pins.

Bit Bit Name Initial Value R/W Description
7 RxDIE 0 R/W HRxD Interrupt Enable

Selects whether an IRQ2 interrupt is caused by
PFO or HRxD pin.

0: An IRQ2 interrupt is caused by pin PFO

1: An IRQ2 interrupt is caused by the HRxD pin
6 TXSTP 0 R/W HTxD Transmission Stop

Controls transmission stop of the HTxD pin.

0: Enables transmission from the HTxD pin

1: Fixes an output level of the HTxD pin at 1 and
transmission is stopped

5t02 — Undefined — Reserved

These bits are always read as undefined values
and cannot be modified.

1 TxD Undefined R Transmission pin
The state of the HTxD pin is read.
This bit cannot be modified.

0 RxD Undefined R Reception pin
The state of the HRxD pin is read.
This bit cannot be modified.
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154  Operation

1541 Hardwareand Software Resets
The HCAN can be reset by a hardware reset or software reset.

e Hardware Reset

At power-on reset, or in hardware or software standby mode, the HCAN isinitialized by
automatically setting the MCR reset request bit (MCRO) in MCR and the reset state bit (GSR3)
in GSR. At the sametime, al internal registers, except for message control and message data
registers, are initialized by ahardware reset.

o Software Reset

The HCAN can be reset by setting the MCR reset request bit (MCRO) in MCR via software. In
a software reset, the error counters (TEC and REC) are initialized, however other registers are
not. If the MCRO bit is set while the CAN controller is performing a communication operation
(transmission or reception), the initialization state is not entered until message transfer has
been completed. The reset status bit (GSR3) in GSR is set on completion of initialization.

15.4.2 Initialization after Har dwar e Reset
After ahardware reset, the following initialization processing should be carried out:

Clearing of IRRO bit in the interrupt register (IRR)
Bit rate setting

Mailbox transmit/receive settings

Mailbox (RAM) initialization

M essage transmission method setting

g s wDdh e

Theseinitia settings must be made while the HCAN isin bit configuration mode. Configuration
mode is a state in which the GSR3 hit in GSR is set to 1 by areset. Configuration mode is exited
by clearing the MCRO bit in MCR to 0; when the MCRO bit is cleared to 0, the HCAN
automatically clears the GSR3 bit in GSR. There is adelay between clearing the MCRO bit and
clearing the GSR3 hit because the HCAN needs time to be internally reset. After the HCAN exits
configuration mode, the power-up sequence begins, and communication with the CAN busis
possible as soon as 11 consecutive recessive bits have been detected.
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IRRO Clearing: Thereset interrupt flag (IRRO) is always set after a power-on reset or recovery
from software standby mode. Since an HCAN interrupt isinitiated immediately when interrupts
are enabled, |RRO should be cleared.

| Hardware reset I : : Settings by user
* :I : Processing by hardware

| MCRO = 1 (automatic) | -

IRRO = 1 (automatic)
GSR3 = 1 (automatic)

:

| Initialization of HCAN module |

Clear IRRO Bit configuration mode
BCR setting Period in which BCR, MBCR, etc.,
MBCR setting are initialized

Mailbox initialization
Message transmission method initialization

v

| MCRO = 0 |

|

NoJ_

Yes
v

IMR setting (interrupt mask setting)
MBIMR setting (interrupt mask setting)
MCIx] setting (receive identifier setting)

LAFM setting (receive identifier mask setting)

|1
l

GSR3=0&11
recessive bits received?

Yes

[ Can bus communication enabled ]

Figure15.6 Hardware Reset Flowchart
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| MCRO = 1 |

1
2 J | I : Settings by user
No :I : Processing by hardware
Yes
v

| GSR3 = 1 (automatic) |
1

Yes

| Initialization of REC and TEC only|
T

ad

BCR setting | Correction |
MBCR setting
Mailbox (RAM) initialization
Message transmission method
initialization
OK?

No

| Correction |
A

IMR setting
MBIMR setting
MCIx] setting
LAFM setting
OK?

[

Yes

GSR3=0&
11 recessive bits received?

Yes

[ CAN bus communication enabled ]

Figure 15.7 Software Reset Flowchart
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Bit Rate and Bit Timing Settings: The hit rate and bit timing settings are made in the bit
configuration register (BCR). Settings should be made such that all CAN controllers connected to
the CAN bus have the same baud rate and bit width. The 1-bit time consists of the total of the
settable time quanta (tq).

1-bit time (25 to 8 time quanta)

A
Y

SYNC_SEG PRSEG PHSEG1 PHSEG2

Time segment 2
Time segment 1 (TSEG1) o (TSEG2)

f -
L Ll
2

1 time quanta 4 to 16 time quanta

-

to 8 time quanta

Figure 15.8 Detailed Description of One Bit

SYNC_SEG isasegment for establishing the synchronization of nodes on the CAN bus. Normal
bit edge transitions occur in this segment. PRSEG is a segment for compensating for the physical
delay between networks. PHSEGL is a buffer segment for correcting phase drift (positive). This
segment is extended when synchronization (resynchronization) is established. PHSEG2 is a buffer
segment for correcting phase drift (negative). This segment is shortened when synchronization
(resynchronization) is established. Limits on the settable value (TSEGL1, TSEG2, BRP, BSP, and
SIW) are shown in table 15.2.

Table15.2 Limitsfor the Settable Value

Name Abbreviation Min. Value Max. Value
Time segment 1 TSEG1 B'0011** B'1111
Time segment 2 TSEG2 B'001*° B'111
Baud rate prescaler BRP B'000000 B'111111
Bit sample point BSP B'0 B'1
Re-synchronization jump width SIw*! B'00 B'11
Notes: 1. SJW is stipulated in the CAN specifications:

3>SIW=>0

2. The minimum value of TSEG2 is stipulated in the CAN specifications:
TSEG2 > SIW

3. The minimum value of TSEGL1 is stipulated in the CAN specifications:
TSEG1 > TSEG2
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Time quanta (tg) is an integer multiple of the number of system clocks, and is determined by the
baud rate prescaler (BRP) asfollows. f , isthe system clock frequency.

tg =2 x (BPR setting + 1)/f
Thefollowing formulais used to calculate the 1-bit time and bit rate.
1-bit time=tq x (3 + TSEG1 + TSEG?2)

Bit rate = 1/Bit time
=f, /{2 x (BPR setting + 1) x (3 + TSEG1 + TSEG2)}

Note: f_, = ¢ (System clock)
A BCR valueisused for BRP, TSEG1, and TSEG2.

Example: With a system clock of 24 MHz, a BRP setting of B'000000, a TSEG1 setting of
B'0101, and a TSEG2 setting of B'100:

Bit rate = 24/{2 x (0 + 1) x (3+ 5+ 4)} = 1 Mbps

Table15.3 Setting Rangefor TSEG1 and TSEG2 in BCR

TSEG2 (BCR14 to BCR12)

001 010 011 100 101 110 111

TSEG1 0011 No Yes No No No No No
(BCR11 to BCRS8) 0100 Yes” Yes Yes No No No No
0101 Yes* Yes Yes Yes No No No

0110 Yes* Yes Yes Yes Yes No No

0111 Yes® Yes Yes Yes Yes Yes No

1000 Yes* Yes Yes Yes Yes Yes Yes

1001 Yes® Yes Yes Yes Yes Yes Yes

1010 Yes* Yes Yes Yes Yes Yes Yes

1011 Yes® Yes Yes Yes Yes Yes Yes

1100 Yes® Yes Yes Yes Yes Yes Yes

1101 Yes” Yes Yes Yes Yes Yes Yes

1110 Yes® Yes Yes Yes Yes Yes Yes

1111 Yes” Yes Yes Yes Yes Yes Yes

Note: The time quantum values for TSEG1 and TSEG?2 are determined by TSEG value + 1.
*  Only a value other than BRP[13:8] = B'000000 can be set.
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Mailbox Transmit/Receive Settings: The HCAN has 16 mailboxes. Mailbox 0 is receive-only,
while mailboxes 15 to 1 can be set for transmission or reception. The initial status of mailboxes 15
to 1isfor transmission. Mailbox transmit/receive settings are not initialized by a software reset.

Clearing a bit to 0 in the mailbox configuration register (MBCR) designates the corresponding
mailbox for transmission use, whereas a setting of 1 in MBCR designates the corresponding
mailbox for reception use. When setting mailboxes for reception, in order to improve message
reception efficiency, high-priority messages should be set in low-to-high mailbox order.

Mailbox (Message Control/Data) Initial Settings: Message control/data are held in RAM, and
so their initial values are undefined after power is supplied. Initial values must therefore be set in
al the mailboxes (by writing Os or 1s).

Setting the M essage Transmission Method: The following two kinds of message transmission
methods are available.

e Transmission order determined by message identifier priority
e Transmission order determined by mailbox number priority

Either of the message transmission methods can be selected with the message transmission method
bit (MCR2) in the master control register (MCR): When messages are set to be transmitted
according to the message identifier priority, if several messages are designated as waiting for
transmission (TXPR = 1), the message with the highest priority in the message identifier is stored
in the transmit buffer. CAN bus arbitration is then carried out for the message stored in the
transmit buffer, and the message is transmitted when the transmission right is acquired. When the
TXPR hit is set, the highest-priority message is found and stored in the transmit buffer.

When messages are set to be transmitted according to the mailbox number priority, if several
messages are designated as waiting for transmission (TXPR = 1), messages are stored in the
transmit buffer in low-to-high mailbox order. CAN bus arbitration is then carried out for the
message stored in the transmit buffer, and the message is transmitted when the transmission right
isacquired.

1543 Message Transmission

Messages are transmitted using mailboxes 15 to 1. The transmission procedure after initial settings
is described below, and a transmission flowchart is shown in figure 15.9.
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Initialization (after hardware reset only)
Clear IRRO : : Settings by user
BCR setting |:| : Processing by hardware

MBCR setting
Mailbox initialization
Message transmission method setting

v

| Interrupt settings 1

Transmit data setting
Arbitration field setting
Control field setting
Data field setting

v

Message transmission wait
TXPR setting
|

]

Bus idle? No

&

Yes
v

Message transmission
GSR2 = 0 (during transmission only)

Transmission completed?

Yes

¥

TXACK =1
IRR8 =1

Yes

No

| Interrupt to CPU |
T
y
Clear TXACK
Clear IRR8

!

[ End of transmission ]

Figure15.9 Transmission Flowchart

CPU Interrupt Source Settings: The CPU interrupt source is set by the interrupt mask register
(IMR) and mailbox interrupt mask register (MBIMR). Transmission acknowledge and
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transmission abort acknowledge interrupts can be generated for individual mailboxes in the
mailbox interrupt mask register (MBIMR).

Arbitration Field Setting: The arbitration field is set by the message control registers MCx[8] to
MCx[5] in atransmit mailbox. For a standard format, an 11-bit identifier (ID-28 to ID-18) and the
RTR bit are set, and the IDE hit is cleared to 0. For an extended format, a 29-bit identifier (ID-28
to ID-0) and the RTR bit are set, and the IDE bit isset to 1.

Control Field Setting: In the control field, the byte length of the data to be transmitted is set
within the range of zero to eight bytes. The register to be set is the message control register
MCx[1] in atransmit mailbox.

Data Field Setting: In the datafield, the data to be transmitted is set within the range zero to
eight. The registersto be set are the message data registers MDx[8] to MDx[1]. The byte length of
the data to be transmitted is determined by the data length code in the control field. Even if data
exceeding the value set in the control field is set in the data field, up to the byte length set in the
control field will actually be transmitted.

Message Transmission: If the corresponding mailbox transmit wait bit (TXPR15to TXPR1) in
the transmit wait register (TXPR) is set to 1 after message control and message data registers have
been set, the message enters transmit wait state. If the message is transmitted error-free, the
corresponding acknowledge bit (TXACK15 to TXACK1) in the transmit acknowledge register
(TXACK) isset to 1, and the corresponding transmit wait bit (TXPR15 to TXPR1) in the transmit
wait register (TXPR) isautomatically cleared to 0. Also, if the corresponding bit (MBIMR1 to
MBIMR15) in the mailbox interrupt mask register (MBIMR) and the mailbox empty interrupt bit
(IRR8) in the interrupt mask register (IMR) are both simultaneously set to enable interrupts,
interrupts may be sent to the CPU.

If transmission of atransmit message is aborted in the following cases, the message is
retransmitted automatically:

e CAN busarbitration failure (failure to acquire the bus)
e Error during transmission (bit error, stuff error, CRC error, frame error, or ACK error)

M essage Transmission Cancellation: Transmission cancellation can be specified for a message
stored in amailbox as a transmit wait message. A transmit wait message is canceled by setting the
bit for the corresponding mailbox (TXCR15 to TXCR1) to 1 in the transmit cancel register
(TXCR). Clearing the transmit wait register (TXPR) does not cancel transmission. When
cancellation is executed, the transmit wait register (TXPR) is automatically reset, and the
corresponding bit is set to 1 in the abort acknowledge register (ABACK), and then an interrupt to
the CPU can be requested. Also, if the corresponding bit (MBIMR15 to MBIMR1) in the mailbox
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interrupt mask register (MBIMR) and the mailbox empty interrupt bit (IRR8) in the interrupt mask
register (IMR) are both simultaneoudly set to enable interrupts, interrupts may be sent to the CPU.

However, a transmit wait message cannot be canceled at the following times:

e During internal arbitration or CAN bus arbitration
e During data frame or remote frame transmission

Figure 15.10 shows a flowchart for transmit message cancellation.

| Message transmit wait TXPR setting I : : Settings by user

I:I : Processing by hardware

A A

Set TXCR bit corresponding to
message to be canceled

Cancellation possible? No
Yes
A
Message not sent Completion of message transmission
Clear TXCR, TXPR TXACK =1
ABACK =1 Clear TXCR, TXPR
IRR8 =1 IRR8 =1
Y

IMR8 =17 ——Yes

No

| Interrupt to CPU |

le
Clear TXACK

Clear ABACK
Clear IRR8

:

End of transmission/transmission
cancellation

Figure 15.10 Transmit Message Cancellation Flowchart
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1544  Message Reception

The reception procedure after initial settingsis described below. A reception flowchart is shown in
Figure 15.11.

Initialization .
Clear IRRO : : Settings by user
BCR setting : Processing by hardware
MBCR setting D 9y
Mailbox (RAM) initialization

l Interrupt settings |

Receive data setting
Arbitration field setting
Local acceptance filter settings

Message reception
(Match of identifier
in mailbox?)

Yes

Same RXPR = 1? Yes ‘
No
S

[ Unread message ]

@ "

Ye:
y

Y
| RXPR | | RXPR, RFPR =1 |
IRR2=1IRR1=1

IRR1=1

0 o
A
| Interrupt to CPU | | Interrupt to CPU |
I
Message control read Message control read
Message data read Message data read
| Clear IRR1 I | Clear IRR2, IRR1 I

Transmission of data frame corresponding
to remote frame

A

[ End of reception ]

Figure15.11 Reception Flowchart
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CPU Interrupt Source Settings: CPU interrupt source settings are made in the interrupt mask
register (IMR) and mailbox interrupt register (MBIMR). The message to be received isalso
specified. Data frame and remote frame receive wait interrupt requests can be generated for
individual mailboxesin the MBIMR.

Arbitration Field Setting: To receive a message, the message identifier must be set in advance in
the message control registers (MCx[8] to MCx[1]) for the receiving mailbox. When a message is
received, al the bitsin the receive message identifier are compared with those in each message
control register identifier, and if a complete match is found, the message is stored in the matching
mailbox. Mailbox 0 has alocal acceptance filter mask (LAFM) that allows Don’t Care settings.
The LAFM setting can be made only for mailbox 0. By setting the Don’t Care for al the bitsin the
receive message identifier, messages of multiple identifiers can be received.

Examples:

e When theidentifier of mailbox 1is010_1010 1010 (standard format), only one kind of
message identifier can be received by mailbox 1:

Identifier 1: 010_1010 1010
e When theidentifier of mailbox 0is010_ 1010 1010 (standard format) and the LAFM setting is

000_0000_0011 (O: Care, 1: Don't Care), atotal of four kinds of message identifiers can be
received by mailbox O:

Identifier 1: 010 1010 _1000
Identifier 2: 010_1010 1001
Identifier 3: 010 1010 1010
Identifier 4: 010_1010 1011

M essage Reception: When amessageis received, a CRC check is performed automatically. If the
result of the CRC check is hormal, ACK istransmitted in the ACK field irrespective of whether
the message can be received or not.

e Dataframe reception

If the received message is confirmed to be error-free by the CRC check, the identifier in the
mailbox (and also LAFM in the case of mailbox 0 only) and the identifier of the receive
message are compared. If acomplete match isfound, the message is stored in the matching
mailbox. The message identifier comparison is carried out on each mailbox in turn, starting
with mailbox 0 and ending with mailbox 15. If a complete match is found, the comparison
ends at that point, the message is stored in the matching mailbox, and the corresponding
receive complete bit (RXPR15 to RXPRO) in the receive complete register (RXPR) is set.
However, if the identifier matches that of mailbox 0 LAFM, the mailbox comparison sequence
does not end at that point, but continues from mailbox 1. Therefore, the message for mailbox 0
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can also be received by another mailbox. Note that the same message cannot be stored in two
or more mailbox of the mailboxes 15 to 1. On receiving a message, a CPU interrupt request
may be generated according to the settings of the mailbox interrupt mask register (MBIMR)
and interrupt mask register (IMR).

e Remote frame reception
A mailbox can store two kinds of messages: data frames and remote frames. A remote frame
differsfrom a data frame in the value of the remote transmission request bit (RTR) in the
message control register and its 0-byte data field. The data length to be returned in a data frame
must be stored in the data length code (DL C) in the message control.

When aremote frame (RTR = recessive) is received, the corresponding bit in the remote
reguest wait register (RFPR) is set. Interrupts can be sent to the CPU according to the settings
of the corresponding bit (MBIMR15 to MBIMRO) in the mailbox interrupt mask register
(MBIMR) and the remote frame request interrupt mask (IRR2) in the interrupt mask register
(IMR).

Unread Message Overwrite: If the receive message identifier matches the mailbox identifier, the
receive message is stored in the mailbox regardless of whether the mailbox contains an unread
message or not. If a message overwrite occurs, the corresponding bit (UMSR15 to UMSRO) in the
unread message register (UMSR) is set. In overwriting an unread message, the unread message
register (UMSR) is set when anew message is received before the corresponding bit in the receive
complete register (RXPR) has been cleared. If the unread interrupt flag (IRR9) in the interrupt
mask register (IMR) is set to enable interrupts at this time, an interrupt can be sent to the CPU.
Figure 15.12 shows a flowchart for unread message overwriting.
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Unread message overwrite I—I - Settings by user
‘ |:| : Processing by hardware
UMSR =1
IRR9=1
Yes
N+o

| Interrupt to CPU |

<

y

Clear IRR9
Message control/message data read

e )

Figure15.12 Unread Message Overwrite Flowchart

1545 HCAN Sleep Mode

The HCAN is provided with an HCAN sleep mode that places the HCAN module in the sleep
state in order to reduce current consumption. Figure 15.13 shows a flowchart of the HCAN sleep
mode.

Rev. 4.00 Mar. 16, 2010 Page 418 of 606
REJ09B0155-0400
RENESAS



Section 15 Controller Area Network (HCAN)

MCRS5 = 1

Bus idle?

Yes

No

Initialize TEC and REC

[
[
4

Bus operation?

—No

MB should
not be
accessed.

Noﬁ

[ CPU interrupt ]

Yes [*

Yes (manual)

Sleep mode clearing method

No (automatic)

Clear sleep mode?

Y?s

[ MCRS5 = 0 |

11 recessive bits
received?

[:CAN bus communication possible:]

[: : Settings by user
:] : Processing by hardware

Figure 15.13 HCAN Sleep Mode Flowchart
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HCAN sleep mode is entered by setting the HCAN sleep mode bit (MCRS5) to 1 in the master
control register (MCR). If the CAN bus is operating, the transition to HCAN sleep modeis
delayed until the bus becomesidle.

Either of the following methods of clearing HCAN sleep mode can be selected:

e Clearing by software
e Clearing by CAN bus operation

In order to re-enter CAN bus communication enabled state, el even recessive bits must be received
after HCAN sleep mode was cleared.

Clearing by Software: HCAN sleep mode is cleared by writing a0 to MCR5 from the CPU.

Clearing by CAN Bus Operation: The cancellation method is selected by the MCR7 hit setting
in MCR. Clearing by CAN bus operation occurs automatically when the CAN bus performs an
operation and this change is detected. In this case, the first message is not stored in a mailbox;
messages will be received normally from the second message onward. When a change is detected
on the CAN busin HCAN sleep mode, the bus operation interrupt flag (IRR12) is set in the
interrupt register (IRR). If the bus interrupt mask (IMR12) in the interrupt mask register (IMR) is
set to enable interrupts at this time, an interrupt can be sent to the CPU.
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1546 HCAN Halt Mode

The HCAN halt modeis provided to enable mailbox settings to be changed without performing an
HCAN hardware or software reset. Figure 15.14 shows a flowchart of the HCAN halt mode.

| MCR1 = 1 |

Bus idle?

Yes

| Set MBCR |
| MCR1 =0 |

y

| I : Settings by user

[ CAN bus communication possible ]
| | : Processing by hardware

Figure15.14 HCAN Halt Mode Flowchart

HCAN halt mode is entered by setting the halt request bit (MCR1) to 1 in the master control
register (MCR). If the CAN busis operating, the transition to HCAN halt mode is delayed until

the bus becomesidle.

HCAN halt modeis cleared by clearing MCR1 to O.
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155 Interrupt Sources

Table 15.4 liststhe HCAN interrupt sources. These sources can be masked except the reset
processing interrupt by power-on reset (IRR0). Masking isimplemented using the mailbox
interrupt mask register (MBIMR), interrupt mask register (IMR), and IRQ enableregister (IER).
For details on the interrupt vector of each interrupt source, refer to section 5, Interrupt Controller.

Table15.4 HCAN Interrupt Sources

Interrupt DTC

Name Description Flag Activation
ERSO/OVRO  Error passive interrupt (TEC > 128 or REC > 128) IRR5 Not possible

Bus off interrupt (TEC > 256) IRR6

Reset processing interrupt by power-on reset IRRO

Remote frame reception IRR2

Error warning interrupt (TEC > 96) IRR3

Error warning interrupt (REC > 96) IRR4

Overload frame transmission interrupt IRR7

Unread message overwrite IRR9

Detection of CAN bus operation in HCAN sleep mode IRR12
RMO Mailbox 0 message reception IRR1 Possible
RM1 Mailbox 15 to 1 message reception IRR1 Not possible
SLEO Message transmission/transmit cancellation IRR8 Not possible
IRQ2 Setting the RxDIE bit in HCANMON to 1 generates an IRQ2F Possible

IRQ2 interrupt caused by an HRxD input signal.
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156 DTC Interface

The DTC can be activated by the reception of amessagein HCAN mailbox 0. Whenthe DTC
activation is set and DTC transfer ends, the RXPRO and RFPRO flags are automatically cleared.
An interrupt request is not sent to the CPU by a reception interrupt from the HCAN. Figure 15.15
showsa DTC transfer flowchart.

| I . Settings by user

DTC initialization
DTC enable register setting |:| : Processing by hardware
DTC register information setting

A
Message reception in HCAN'’s
mailbox 0

Y

DTC activation
le

End of DTC transfer? No J

Yes

RXPR and RFPR clearing

Transfer counter = 0
or DISEL = 1?

No

Yes

| Interrupt to CPU |
T

y

)

Figure15.15 DTC Transfer Flowchart
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157 CAN BuslInterface

A bustransceiver I1C is necessary to connect the H8S/2628 Group to a CAN bus. A R2A25416SP
transceiver I1C isrecommended. If any other product is used, confirm that it is compatible with the
R2A25416SP. Figure 15.16 shows a sample connection diagram.

This LSI 120 O
—_— VWM
Veeg
R2A25416SP
Port MODE Vcc CAN bus
HRXD}—————{RxD CANH|—T-
HTXD TXD CANL
——INC GND
NC
7
120 Q
RYVVS

Note: NC: No connection

Figure15.16 High-Speed Interface Using R2A25416SP
158 Usage Notes

15.8.1 Module Stop Mode Setting

HCAN operation can be disabled or enabled using the module stop control register. The HCAN
operation is set to be halted initially. Register access is enabled by clearing module stop mode. For
details, refer to section 22, Power-Down Modes.

1582 Reset

The HCAN isreset by a power-on reset, in hardware standby mode, and in software standby
mode. All theregisters are initialized by areset, however mailboxes (message control
(MCx[x])/message data (MDx[x])) are not initialized. Mailboxes (message control
(MCx[x])/message data (MDx[x])) areinitialized after power-on and at thistime, their initial
values are undefined. Therefore, always initialize mailboxes after a power-on reset, atransition to
hardware standby mode, or software standby mode. After a power-on reset or recovery from
software standby mode, the reset interrupt flag (IRRO) is automatically set. Since this bit cannot be
masked in the interrupt mask register (IMR), an HCAN interrupt will be initiated immediately
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after an HCAN interrupt is enabled by the interrupt controller without clearing the flag. IRRO
should therefore be cleared at initialization.

1583 HCAN Sleep Mode

The bus operation interrupt flag (IRR12) in the interrupt register (IRR) is set by CAN bus
operation in HCAN sleep mode. Therefore, thisflag is not used by the HCAN to indicate sleep
mode release. Note that the reset status bit (GSR3) in the general status register (GSR) is set even
in sleep mode.

1584 Interrupts

When the mailbox interrupt mask register (MBIMR) is set, the interrupt registers (IRRS, 2, 1) are
not set by reception completion, transmission completion, or transmission cancellation of the set
mailboxes.

15.85 Error Counters

In the case of error active and error passive, REC and TEC perform count up and down normally.
In the bus-off state, 11-bit recessive sequences are counted (REC + 1) using REC. When REC
reaches 96 during the count, IRR4 and GSR1 are set.

1586 Register Access

Byte or word access can be performed for all HCAN registers. Longword access should be
avoided.

15.8.7 HCAN Medium-Speed Mode

In medium-speed mode, the HCAN registers cannot be read/written.

15.8.8 Register Hold in Standby M odes

All HCAN registers are initialized in hardware standby mode and software standby mode.

1589 Useon Bit Manipulation Instructions

Sincethe HCAN status flag is cleared by writing 1, do not use the bit manipulation instructions to
clear the flag. To clear the flag, use the MOV instructions and write 1 only to the bit to be cleared.
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15.8.10 HCAN TXCR Operation

1. When the transmit wait cancel register (TXCR) is used to cancel atransmit wait messagein a
transmit wait mailbox, the corresponding bit to TXCR and the transmit wait register (TXPR)
may not be cleared even if transmission is canceled. This occurs when the following conditions
are all satisfied.

Conditions:

e TheHRXD pinisstacked to 1 because of a CAN bus error, etc.

e Thereisat least one mailbox waiting for transmission or being transmitted.

e The message transmission in a mailbox being transmitted is canceled by TXCR.
If this occurs, transmission is canceled. However, since TXPR and TXCR states are
indicated wrongly that a message is being cancelled, transmission cannot be restarted even
if the stack state of the HRxD pin is canceled and the CAN bus recovers the normal state. If
there are at least two transmission messages, a message which is not being transmitted is
canceled and a message being transmitted retains its state.

To avoid this, one of the following countermeasures must be executed.

Countermeasures.

e Transmission must not be canceled by TXCR. When transmission is hormally completed
after the CAN bus has recovered, TXPR is cleared and the HCAN recovers the normal
state.

e To cancel transmission, the corresponding bit to TXCR must be written to 1 continuously

until the bit becomes 0. TXPR and TXCR are cleared and the HCAN recovers the normal
state.

2. When the bus-off state is entered while TXPR is set and the transmit wait state is entered, the
internal state machine does not operate even if TXCR is set during the bus-off state. Therefore
transmission cannot be canceled. The message can be canceled when one message is
transmitted or atransmission error occurs after the bus-off stateis recovered. To clear a
message after the bus-off state is recovered, the following countermeasure must be executed.

Countermeasure:
e A transmit wait message must be cleared by resetting the HCAN during the bus-off period.

To reset the HCAN, the module stop bit (MSTPC3 in MSTPCRC) must be set or cleared.
In this case, the HCAN is entirely reset. Therefore theinitial settings must be made again.
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15.8.11 HCAN Transmit Procedure

When transmission is set while the busisin the idle state, if the next transmission is set or the set
transmission is canceled under the following conditions within 50 ps, the transmit message 1D of
being set may be damaged.

e When the second transmission has the message whose priority is higher than the first one.
e When the massage of the highest priority is canceled in the first transmission.

Make whichever setting shown below to avoid the message | Ds from being damaged.

e Set transmission in one TXPR. After transmission of al transmit messages is completed, set
transmission again (mass transmission setting). The interval between transmission settings
should be 50 us or longer.

e Make the transmission setting according to the priority of transmit messages.

e Settheinterval to be 50 ps or longer between TXPR and another TXPR or between TXPR and
TXCR.

Table15.5 Interval Limitation between TXPR and TXPR or between TXPR and TXCR

Baud Rate (bps) Set Interval (pus)
1M 50
500 k 50
250 k 50

15.8.12 Canceling HCAN Reset and HCAN Sleep Mode

Before canceling the software reset for HCAN or HCAN sleep mode (MCRO = 0 or MCR5 = 0),
confirm that the reset status bit (GSR3) isset to 1.

15.8.13 Accessing Mailbox in HCAN Sleep Mode

The mailboxes should not be accessed in HCAN sleep mode. If mailboxes are accessed in HCAN
sleep mode, the CPU may stop. When registers are accessed in HCAN sleep mode, the CPU does
not stop. When mailboxes are accessed in modes other than HCAN sleep mode, the CPU does not
stop.
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Section 16 Synchronous Serial Communication Unit (SSU)

This LSl has two independent synchronous serial communication unit (SSU) channels. The SSU
has master mode in which this LS| outputs clocks as a master device for synchronous seria
communication and slave mode in which clocks are input from an external device for synchronous
serial communication. Synchronous serial communication can be performed with devices having
different clock polarity and clock phase. Figure 16.1 is a block diagram of the SSU.

16.1 Features

e Choice of master mode or slave mode

e Choice of standard mode or bidirectional mode

e Synchronous serial communication with devices with different clock polarity and clock phase
e Choice of 8/16/32-bit width of transmit/receive data

e Full-duplex communication capability

The shift register isincorporated, enabling transmission and reception to be executed
simultaneousdly.

e Continuous serial communication
e Choice of LSB-first or MSB-first transfer
e Choice of aclock source
§/2, o/4, H/8, 6116, ¢/32, $/64, $/128, $/256, or external clock
e Fiveinterrupt sources

transmit-end, transmit-data-register-empty, receive-data-register-full, overrun-error, and
conflict error

e Module stop mode can be set
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Section 16 Synchronous Serial Communication Unit (SSU)

Figure 16.1 shows a block diagram of the SSU.

(0]
Module data bus & Kinternal data bus>
T
(%2}
=)
)
$ *— SSCRH
SSTDR 0 SSRDR 0 SSCRL L » O
SSTDR 1 SSRDR 1 SSMR — CEl
SSTDR 2 SSRDR 2 SSER —» RX|
SSTDR 3 SSRDR 3 SSSR —» TXI
Control circuit —» TEI
A A
\
0
SSTRSR Clock S o2
A < %31
- Clock D
3 £ selector @ oL
! & «—— /32
E < l«—— 0/64
» 2 | 0/128
\/ l«—— §/256
Selector <

I

SSI

Legend:

SSCRH:

SSCRL:

SSMR:

SSER:

SSSR:

SSTDR3 to SSTDRO:
SSRDR3 to SSRDRO:
SSTRSR:

!

SSO

SS control register H

SS control register L

SS mode register
SS enable register
SS status register

SS transmit data register
SS receive data register

0|
2]

SS transmit/recive shift register

SSCK (External clock)

Figure16.1 Block Diagram of SSU
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Section 16 Synchronous Serial Communication Unit (SSU)

16.2  Input/Output Pins

Table 16.1 shows the SSU pin configuration.

Table16.1 Pin Configuration

Name Symbol 1/0 Function

SSU clock SSCK I/0 SSU clock input/output

SSU receive data input SSi 1/0 SSU receive data input/output
SSU transmit data output SSO I/0 SSU transmit data input/output
SSU chip select input/output SCS 1/0 SSU chip select input/output

16.3 Register Descriptions

The SSU has the following registers. For the addresses of these registers and information on the
register statesin different operating modes, see section 23, List of Registers.

SS control register H (SSCRH)

SS control register L (SSCRL)

SS mode register (SSMR)

SS enable register (SSER)

SS status register (SSSR)

SS transmit data register 3 to 0 (SSTDR3 to SSTDRO)
SS receive dataregister 3 to 0 (SSRDR3 to SSRDRO)
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Section 16 Synchronous Serial Communication Unit (SSU)

16.3.1 SSControl Register H (SSCRH)

SSCRH specifies master/dave device selection, bidirectional mode enable, SSO pin output value
selection, SSCK pin selection, and SCS pin selection.

Bit Bit Name Initial Value R/W

Description

7 MSS 0 R/W

Master/Slave Device Selection

Selects that this module is used in master mode or
slave mode. When master mode is selected,
transfer clocks are output from the SSCK pin.
When the CE bit in SSSR is set, this bit is
automatically cleared.

0: Slave mode is selected
1: Master mode is selected

6 BIDE 0 R/W

Bidirectional Mode Enable

Selects that both serial data input pin and output
pin are used or one of them is used. However,
transmission and reception are not performed
simultaneously when bidirectional mode is
selected. For details, section 16.4.3, Relationship
between Data I/O Pins and Shift Register.

0: Standard mode (two pins are used as data
input and output)

1: Bidirectional mode (one pin is used for data
input and output)

Reserved
The write value should always be 0.

4 SOL 0 R/W

Serial Data Output Value Selection

The output level of serial data, which retains that
of the last bit, can be modified by operating this bit
before or after transmission. When modifying the
output level, use the MOV instruction after clearing
the SOLP bit to 0. Since writing to this bit during
data transmission causes malfunctions, this bit
should not be modified.

0: Serial data output is modified to low level
1: Serial data output is modified to high level
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Section 16 Synchronous Serial Communication Unit (SSU)

Bit

Bit Name

Initial Value

R/W

Description

3

SOLP

1

R/W

SOL Bit Write Protect

When modifying the output level of serial data, use
the MOV instruction after setting SOL to 1 and
clearing SOLP to 0, or by clearing SOL and SOLP
to 0.

0: Output level can be modified by the SOL value

1: Output level cannot be modified by the SOL
value. This bit is always read as 1

2

SCKS

R/W

SSCK Pin Selection

Selects that the SSCK pin functions as a port or a
serial clock pin. When MSS = 1, the SSCK pin
functions as a serial clock output pin regardless of
the setting of this bit.

0: Functions as an 1/O port

1: Functions as a serial clock

1
0

Css1
CSS0

R/W
R/W

SCS Pin Selection
Select that the SCS pin functions as a port or SCS

input or output. However, when MSS = 0, the SCS
pin functions as an input pin regardless of the

CSS1 and CSSO settings.
00: I/O port
01: Functions as SCS input

10: Functions as SCS automatic input/output
(however, functions as SCS input before and
after transfer and outputs a low level during
transfer)

11: Functions as SCS automatic output (however,
outputs a high level before and after transfer
and outputs a low level during transfer)
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Section 16 Synchronous Serial Communication Unit (SSU)

16.3.2 SSControl Register L (SSCRL)

SSCRL selects software reset and transmit/receive data width.

Bit Bit Name Initial Value R/W Description

7,6 — AllO — Reserved
The write value should always be 0.

5 SRES 0 R/W Software Reset
Setting this bit to 1 forcibly resets the SSU internal
sequencer. After that, this bit is automatically
cleared. The ORER, TEND, TDRE, RDRF, and
CE bits in SSSR and the TE and RE bits in SSER
are also initialized. Values of other bits for SSU
registers are held.
To stop transfer, set this bit to 1 to reset the SSU
internal sequencer.

4t0 — All O — Reserved

2 The write value should always be 0.

1 DATS1 0 R/W Transmit/Receive Data Length Selection

0 DATSO 0 R/W Select serial data length from 8, 16, and 32 bits.

00: 8 bits

01: 16 bits

10: 32 bits

11: Setting invalid
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Section 16 Synchronous Serial Communication Unit (SSU)

16.33 SSMode Register (SSMR)

SSMR selects the MSB first/L SB first, clock phase, clock polarity, and clock rate of synchronous
serial communication.

Bit Bit Name Initial Value R/W Description
7 MLS 0 R/W MSB First/LSB First

Selects the serial data is transmitted in MSB first
or LSB first.

0: LSB first
1: MSB first

6 CPOS 0 R/W Clock Polarity Selection
Selects SSCK clock polarity.

0: High output in idle mode, and low output in
active mode

1: Low output in idle mode, and high output in
active mode

5 CPHS 0 R/W Clock Phase Selection
Selects SSCK clock phase.
0: Data changes at the first edge

1: Data is latched at the first edge
4,3 — All O — Reserved
The write value should always be 0.
CKS2 0 R/W Transfer Clock Rate Selection

CKs1 0 R/W Select the transfer clock rate (prescaler division
CKSO 0 R/IW rate) when a master mode is selected.

000: ¢/2
001: ¢/4
010: ¢/8
011: ¢/16
100: ¢/32
101: ¢/64
110: ¢/128
111: ¢/256
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Section 16 Synchronous Serial Communication Unit (SSU)

16.3.4 SSEnable Register (SSER)

SSER performs transfer/receive control of synchronous serial communication and setting of

interrupt enable.

Bit Bit Name Initial Value R/W Description
7 TE 0 R/W Transmit Enable
When this bit is set to 1, transmission is enabled.
6 RE 0 R/W Receive Enable
When this bit is set to 1, reception is enabled.
54 — AllO — Reserved
The write value should always be 0.
3 TEIE 0 R/W Transmit End Interrupt Enable
When this bit is set to 1, TEIl interrupt request is
enabled.
2 TIE 0 R/W Transmit Interrupt Enable
When this bit is set to 1, TXI interrupt request is
enabled.
1 RIE 0 R/W Receive Interrupt Enable
When this bit is set to 1, RXI interrupt request is
enabled.
0 CEIE 0 R/W Conflict Error Interrupt Enable

When this bit is set to 1, CEl interrupt request is
enabled.

Rev. 4.00 Mar. 16, 2010 Page 436 of 606

REJ09B0155-0400

RENESAS



Section 16 Synchronous Serial Communication Unit (SSU)

16.35 SSStatusRegister (SSSR)

SSSR is a status flag register for interrupts.

Bit Bit Name Initial Value R/W Description

7 — 0 — Reserved
The write value should always be 0.

6 ORER 0 R/(W)*  Overrun Error
If the next data is received while RDRF =1, an
overrun error occurs, indicating abnormal
termination. SSRDR stores 1-frame receive data
before an overrun error occurs and loses data
received later. While ORER = 1, continuous serial
reception cannot be continued. Serial transmission
cannot be continued, either.
[Setting condition]
e When the next reception data is transferred to

SSRDR while RDRF =1
[Clearing condition]
e When 0 is written to ORER after reading
ORER =1

54 — All O — Reserved
The write value should always be 0.

3 TEND 1 R/(W)*  Transmit End

[Setting condition]

e When the last bit of transmit data is
transmitted with TDRE =1

[Clearing conditions]

e When 0 is written to the TEND bit after reading
TEND =1

e \When data is written to SSTDR
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Section 16 Synchronous Serial Communication Unit (SSU)

Bit Bit Name Initial Value R/W

Description

2 TDRE 1 RI(W)*

Transmit Data Register Empty

Indicates whether or not SSTDR contains transmit
data.

[Setting conditions]
e When the TE bitin SSER is O

e When data is transferred from SSTDR to
SSTRSR and SSTDR is ready to be written to.

[Clearing conditions]

e When 0 is written to the TDRE bit after reading
TDRE =1

e When data is written to SSTDR with TE =1

1 RDRF 0 RI(W)*

Receive Data Register Full

Indicates whether or not SSRDR contains
received data.

[Setting condition]

e When receive data is transferred from
SSTRSR to SSRDR after successful data
reception

[Clearing conditions]

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

e When received data is read from SSRDR
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Section 16 Synchronous Serial Communication Unit (SSU)

Bit Bit Name Initial Value R/W Description

0 CE 0 R/(W)*  Conflict/Incomplete Error

Indicates that a conflict error has occurred when 0
is externally input via the SCS pin with MSS = 1.

If the SCS pin level changes to 1 during slave
operation, an incomplete error occurs because it is
determined that a master device has terminated
the transfer. Data reception does not continue
while the CE bit is set to 1. Reset the SSU internal
sequencer by setting the SRES bit in SSCRL to 1
before resuming transfer after incomplete error.

[Setting conditions]

e When a low level is input to the SCS pin in
master device mode (MSS in SSCRH = 1)

e When a1l is input to the SCS pin during slave
device mode (MSS in SSCRH = 0) transfer

[Clearing condition]

e When 0 is written to the CE bit after reading
CE=1
Note: * Only a 0 can be written to this bit, to clear the flag.

16.36 SSTransmit Data Register 3t0 0 (SSTDR3to SSTDRO)

SSTDR is an 8-hit register that stores transmit data. When 8-bit data length is selected by bits
DATSL and DATSO0 in SSCRL, SSTDRO isvalid. When 16-bit data length is selected, SSTDRO
and SSTDR1 are valid. When 32-bit data length is selected, SSTDR3 to SSTDRO are valid. Do not
attempt to accessinvalid SS transmit data registers.

When the SSU detects that SSTRSR is empty, it transfers the transmit data written in SSTDR to
SSTRSR and starts transmission. If the next transmit data has already been written to SSTDR
during serial transmission, the SSU transfers the written datato SSTRSR to continue transmission.
Although SSTDR can be read or written to by the CPU and DTC at all times, to achievereliable
serial transmission, write transmit datato SSTDR after confirming that the TDRE bhit in SSSR is
set to 1. Theinitial value of thisregister is H'00.
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Section 16 Synchronous Serial Communication Unit (SSU)

16.3.7 SSReceive Data Register 3to 0 (SSRDR3 to SSRDRO)

SSRDR is an 8-bit register that stores receive data. When 8-bit data length is selected by bits
DATS1 and DATS0 in SSCRL, SSRDRO isvalid. When 16-bit data length is selected, SSRDRO
and SSRDR1 are valid. When 32-bit data length is selected, SSRDR3 to SSRDRO are valid. Do
not attempt to accessinvalid SS receive data registers.

When the SSU has received 1-byte data, it transfers the received serial datafrom SSTRSR to
SSRDR whereit is stored. After this, SSTRSR is receive-enabled. Since SSTRSR and SSRDR
function as a double buffer in thisway, continuous receive operations can be performed. Read
SSRDR after confirming that the RDRF bit in SSSR is set to 1. SSRDR cannot be written to by
the CPU. The initial value of this register is H'00.

16.3.8  SSShift Register (SSTRSR)
SSTRSR is a shift register that transmits and receives serial data.

When data from SSTDR to SSTRSR is transferred with MLS = 0, bit O of transmit dataisbit O in
the SSTDR contents (L SB first communication). When datafrom SSTDR to SSTRSR is
transferred with MLS = 1, bit O of transmit datais bit 7 in the SSTDR contents (MSB first
communication). To perform serial data transmission, the SSU transfers data starting from LSB
(bit 0) in SSTRSR to the SSO pin.

In reception, the SSU sets serial datathat has been input from the SSI pin to SSTRSR starting
from LSB (bit 0) and convertsit into parallel data. When 1-byte data has been received, the
SSTRSR contents are automatically transferred to SSRDR. SSTRSR cannot be directly accessed
by the CPU.
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164 Operation

16.4.1 Transfer Clock

A transfer clock can be selected from eight internal clocks and an external clock. When using this
module, set SCKS in SSCRH to 1 to select the SSCK pin as a serial clock. When MSSin SSCRH
is1, aninternal clock is selected and the SSCK pin is used as an output pin. When transfer is
started, the clock with the transfer rate set by bits CKS2 to CKS0 in SSMR is output from the
SSCK pin. When MSS = 0, an external clock is selected and the SSCK pin is used as an input pin.

16.4.2 Relationship of Clock Phase, Polarity, and Data

The relationship of clock phase, polarity, and transfer data depends on the combination of CPOS
and CPHS in SSMR. Figure 16.2 shows the relationship.

Setting the ML S bit specifies that MSB or LSB first communication. When MLS =0, datais
transferred from the LSB to MSB. When MLS = 1, datais transferred from the MSB to L SB.

(1) When CPHS =0

scs — T
SSCK
(CPOS =0)

SSCK
(CPOS = 1) , , , , , , , ,
v ¥ ¥ ¥ ¥ ' v v
Ssl, SSO —CX Bit 0 X Bit 1 X Bit 2 X Bit 3 X Bit 4 X BitSX BitGX Bit 7 >—

(2) When CPHS = 1

scs — |—
SSCK
(CPOS =0)

SscK
(CPOS = 1) | , | | | | | |
¥ ¥ ¥ ¥ ¥ ¥ v '
Ssl, SSO —< Bit 0 X Bit 1 X Bit 2 X Bit 3 X Bit 4 X Bit 5 X Bit 6 X Bit 7 X:)—

Figure 16.2 Relationship of Clock Phase, Polarity, and Data
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16.4.3

Relationship between Data |/O Pinsand the Shift Register

The connection between data 1/O pins and the shift register (SSTRSR) depends on the
combination of the MSS and BIDE bitsin SSCRH. Figure 16.3 shows the connection.

The SSU transmits serial data from the SSO pin and receives serial data from the SSI pin when
operating with BIDE = 0 and MSS = 1 (standard, master mode) (see figure 16.3 (1)). The SSU
transmits serial datafrom the SSI pin and receives serial data from the SSO pin when operating
with BIDE = 0 and MSS = 0 (standard, dave mode) (see figure 16.3 (2)).

The SSU transmits and receives serial data from the SSO pin regardless of master or lave mode
when operating with BIDE = 1 (bidirectional mode) (see figure 16.3 (3) and (4)).

However, even if both the TE and RE bits are set to 1, transmission and reception are not
performed simultaneously. Either the TE or RE bit must be selected.

(1) When BIDE = 0 (standard mode), MSS=1,TE=1,and RE=1

;M SsCK
>

SSO

Shift register
(SSTRSR)

(2) When BIDE = 0 (standard mode), MSS =0, TE=1,and RE=1

* SSCK

Shift register
SSTRSR

(3) When BIDE = 1 (bidirectional mode), MSS =1, and TEor RE=1

e
*39 850
Iﬁﬂ ssi

SSCK

Shift register
(SSTRSR)

>
«

(4) When BIDE=1 (bidirectional mode), MSS = 0, and TE or RE = 1

é SSCK

Shift register
(SSTRSR)

A

Figure 16.3

Relationship between Data I/O Pinsand the Shift Register
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16.4.4 Data Transmission and Data Reception

The SSU performs data communi cations using the bus with four lines: the clock line (SSCK), data
input (SSI or SSO), data output (SSI or SSO), and chip select (SCS).

The SSU also supports bidirectional mode in which the dataiis output and input using one pin.

SSU Initialization

Figure 16.4 shows an example of the SSU initialization. Before transmitting and receiving data,
first clear the TE and RE bitsin SSER to 0, then initialize the SSU.

Note:  When the operating mode or transfer format is changed for example, the TE and RE bits
must be cleared to 0. When the TE bit is cleared to 0, the TDRE bit is set to 1. Note that
clearing the RE hit to 0 does not initialize the values of the RDRF and ORER bits or the
contents of SSRDR.

(1

(2]

(3]

(4

C Start initialization )

Clear TE and RE bits in SSER to 0

Specify CSS1, CSS0, MSS, BIDE, SOL,

and SCKS bits

Specify bits DATS1 and DATSO

Specify CKS2 to CKS0, MLS, CPOS,
and CPHS bits

Specify TE, RE, TEIE, TIE, RIE,
and CEIE bits simultaneously

1
=

[1] Specify master/slave device selection,
bidirectional mode enable, SSO pin
output value selection, SSCK pin selection,
and SCS pin selection.

[2] Specify transmit/receive data length.

[3] Specify MSB first/LSB first selection, clock
polarity selection, clock phase selection,
and transfer clock rate selection.

[4] Specify enable/disable of interrupt request
to the CPU.

Figure16.4 Exampleof SSU Initialization
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Data Transmission

Figure 16.5 shows an example of transmission operation, and figure 16.6 shows an example of
data transmission flowchart.

When transmitting data, the SSU operates as shown below.

In master device mode, the SSU outputs a transfer clock and data. In slave device mode, when a
low level signal isinput to the SCS pin and atransfer clock isinput to the SSCK pin, the SSU
outputs data in synchronization with the transfer clock.

Writing transmit data to SSTDR after initialization of the SSU automatically clears the TDRE bit
in SSSR to 0, and the contents of SSTDR istransferred to SSTRSR. After that, the SSU sets the
TDRE bhit to 1 and starts transmission. At thistime, if the TIE bitin SSER issetto 1, aTXI
interrupt is generated.

When 1-frame data has been transferred with the TDRE bit cleared to 0, the SSTDR contents are
transferred to SSTRSR to start the next transmission. When the 8th bit of transmit data has been
transferred with the TDRE bit set to 1, the TEND hbit in SSSR is set to 1 and the state is retained.
At thistime, if the TEIE bitisset to 1, a TEIl interrupt is generated. After transmission, the output
level of the SSCK pinisfixed at a high level when CPOS = 0 and at alow level when CPOS= 1.

While the ORER bit in SSSR is set to 1, transmission is not performed. Check that the ORER bit
iscleared to 0.
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(1) When 8-bit data length is selected (SSTDRO is valid) with CPOS = 0 and CPHS =0

|— 1frame  —— ' 1frame  ——
SCS | |
SSCK
SSO
| ~—SSTDRO (LSB first transmission)—1 | 1+~—SSTDRO (MSB first (ransm\sslun)—’:
TDRE
TEND |
LS| operation TXI TEI TXI TEI
User operation interrupt interrupt interrupt interrupt
generated generated generated generated
Data written to Data written to
SSTDRO SSTDRO

(2) When 16-bit data length is selected (SSTDRO and SSTDR1 are valid) with CPOS = 0 and CPHS =0

1 frame !

SSO
(LSB first)

SSO
(MSB first)

! SSTDRO

SSTDR1 |

TDRE

TEND

LSI operation
User operation  pata written to
SSTDR1 to SSTDRO

TXI interrupt generated TEl interrupt generated

(3) When 32-bit data length is selected (SSTDRO, SSTDR1, SSTDR2, and SSTDR3 are valid) with CPOS = 0 and CPHS =0

-~ 1 frame i

=
N ' ' |

LA ATATATATAATAYI T

(LSSBS grsl)
) h

\+—SSTDR3—>|<— SSTDR2—+} +—SSTDR1—><— SSTDRO —

SSO - - m | !
- —EEEEEEEE
(MSB first) ., M" oA7ACNoOATACAOS
i L+—SSTDRO—+|+—SSTDR1—+ +—SSTDR2—++—SSTDR3—>|
TDRE
TEND
LS| operation X _TEI
User operation  Data written to interrupt interrupt

generated generated
SSTDR3 to SSTDRO

Figure16.5 Example of Transmission Operation
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C Start )

T
Initialization |

I
Read TDRE in SSR |

[ |

2 |

¢ e
Yes
| Write transmit data to SSTDR |
| TDRE automa{tically cleared |
T
|Data transferd from SSTDR to SSTRSRl
T

| Set TDRE to 1 to start transmission |

Yes
| Clear TEND to 0

Wait

| Confirm TEND =0 |

| Clear TE in SSER t0 0 |

I
( End transmission )

Note: Hatching boxes represent SSU internal operations.

(1

N

)

Initialization:
Specify the settings such as transmit
data format.

Check the SSU state and write

transmit data:

Write transmit data to SSTDR after
reading and confirming that the TDRE bit
is 1. The TDRE bit is automatically cleared
to 0 and transmission is started by writing
data to SSTDR.

Procedure for continuous data transmission:
To continue data transmission, confirm

that the TDRE bit is 1 meaning that SSTDR
is ready to be written to. After that, data can
be written to SSTDR. The TDRE bit is
automatically cleared to 0 by writing data to
SSTDR.

Transmission end procedure:

To end transmission, confirm TEND = 1 and
wait until the last bit is surely transmitted,
then set TE to 0.

Figure16.6 Example of Data Transmission Flowchart
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Data Reception

Figure 16.7 shows an example of reception operation, and figure 16.8 shows an example of data
reception flowchart.

When receiving data, the SSU operates as shown below.
After initialization, the SSU dummy-reads SSRDR and data reception is started.

In master device mode, the SSU outputs a transfer clock and receives data. In slave device mode,
when alow level signal isinput to the SCS pin and atransfer clock isinput to the SSCK pin, the
SSU receives data in synchronization with the transfer clock.

When 1-frame data has been received, the received datais stored in SSRDR. At thistime, if the
RIE bit isset to 1, an RXI interrupt is generated. The RDRF bit is automatically cleared to 0 by
reading SSRDR.
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(1) When 8-bit data length is selected (SSRDRO is valid) with CPOS = 0 and CPHS =0

— 1 frame d h 1 frame —_—

SSI ' i
T
! '«<—SSTDRO (LSB first transmission)—1 ! '<— SSTDRO (MSB first transmission) —s'
RDRF |
LSl operation qu RI(I
U . interrupt interrupt
ser operation generated generated
Dummy-read Read SSRDRO

SSRDRO
(2) When 16-bit data length is selected (SSRDRO and SSRDRL1 are valid) with CPOS = 0 and CPHS =0

1 frame '

SSI
(LSB first)
SSI
(MSB first) A .
L SSRDRO ! SSRDR1 ————
RDRF p—
LS| operation ‘ ek
User operation lnterru?td
Dummy-read generate:

SSRDRO

(3) When 32-bit data length is selected (SSRDRO, SSRDR1, SSRDR2, and SSRDR3 are valid) with CPOS = 0 and CPHS =0

= B

sscx TAVAVAVAVAVAVAVAVIVAVAY

ssl ' 7y 7\ e f

Bit Bit Bit Bit { Bit Bit
w0

\<— SSRDR3—~j<— SSRDR2— +— SSRDR1—>+SSRDRO—!

SSi Bit BitY Bit BitY Bit BitY Bit ﬂ
(MSB first) ° oh7 h of7 Ao AT A A

Ve RDRO—»! RDR1— RDR2—~{<+-SSRDR3—>1
RDRF |
LS| operation
RXI
. interrupt
User operation Dummy-read generated

SSRDRO

Figure 16.7 Example of Reception Operation
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[1] Initialization:
C St;’:\rt ) Specify the settings such as receive data format.
(1] | Initialization | [2] Start reception:
T When SSRDR is dummy-read with RE = 1,
2] | Dummy-read SSRDR | reception is started.

I [3], [6] Receive error processing:

When a receive error occurs execute the
designated error processing after reading the
ORER bit in SSSR. After that, clear the ORER
bit to 0. While the ORER bit is setto 1,
reception is not resumed.

| Read SSRDR |

[4] To continue single reception:
When continuing single reception, the next single

No reception starts after reading received data in SSRDR.
Continuous data reception? 5] To complete reception:
Yes To complete reception, read received data after
- - clearing the RE bit to 0. When reading SSRDR without
| Read received data in SSRDR | clearing the RE bit, reception is resumed.

|
| RDRF automatically cleared |
]

[

5] | RE =0 |
|

| Read received data in SSRDR |
|

C End reception )

[6] | Overrun error processing |
|

[ clearorerinsssr |
|

( End reception )

Note: Hatching boxes represent SSU internal operations.

Figure 16.8 Example of Data Reception Flowchart
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Section 16 Synchronous Serial Communication Unit (SSU)

Data Transmission/Reception

Figure 16.9 shows an example of simultaneous transmission/reception operation. The data
transmission/reception is performed combining the data transmission and data reception as
mentioned above. The data transmission/reception is started by writing transmit datato SSTDR
with TE=RE = 1.

When the RDRF has been set to 1 at the 8th rising edge of the transfer clock (in a case of 8-bit
datalength), the ORER bit in SSSR is set to 1. Thisindicates that an overrun error (OEl) has
occurred. At this time, data transmission/reception is stopped. While the ORER bit in SSSR is set
to 1, transmission/reception is not performed. To resume the transmission/reception, clear the
ORER bit to 0.

Before switching transmission mode (TE = 1) or reception mode (RE = 1) to
transmission/reception mode (TE = RE = 1), clear the TE and RE bits to 0. When starting the
transfer, confirm that the TEND, RDRF, and ORER bits are cleared to 0 before setting the TE and
RE bitsto 1.
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Section 16 Synchronous Serial Communication Unit (SSU)

C Start ) [1] Initialization:
T Specify the settings such as transmit/receive
e data format.
[1] | Initialization |
[ [2] Check the SSU state and write transmit data:

121 | Read TDRE in SSSR | Write transmit data to SSTDR aftgr reading
T and confirming that the TDRE bit is 1. The

No TDRE bit is automatically cleared to 0 and
¢ transmission is started by writing data to
SSTDR.
Yes
| Write transmit data to SSTDR | [3] Check the SSU state:
T Read SSSR and confirm that the RDRF bit is 1.
A change of the RDRF bit (from 0 to 1)
can be naotified by RXI interrupt.

| TDRE automatically cleared |

|Data transferred from SSTDR to SSTRSRl [4] Receive error processing:
| When a receive error occurs, execute the

| TDRE set to 1 to start transmission | designated error processing after reading the
T ORER bhit in SSSR. After that, clear the ORER

' bit to 0. While the ORER bit is set to 1,
| Read SSSR | transmission or reception is not resumed.

[5] Procedure for continuous data transmission/
reception:

To continue serial data transmission/reception,
confirm that the TDRE bit 1meaning that SSTDR
is ready to be written to. After that, data can be
written to SSTDR. The TDRE bit is automatically
cleared to 0 by writing data to SSTDR.

Continuous data Yes

ransmission/receptio

No

Read TEND in SSSR |

No

TEND =17

Yes

Clear TEND in SSSR to 0 |
T

1-bit internal elapsed?

Yes

| Clear TE and RE in SSER to 0 |

C End transmission/reception )

Improcessing |

Note: Hatching boxes represent SSU internal operations.

Figure 16.9 Example of Simultaneous Transmission/Reception Flowchart
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Section 16 Synchronous Serial Communication Unit (SSU)

16.45 SCS Pin Control and Conflict Error

When bits CSS1 and CSS0 in SSCRH are specified to B'10, the SCS pin functions as an input
(Hi-Z) to detect conflict error. The conflict detection period starts when setting the MSS bit in
SSCRH to 1 and ends when starting serial transfer. When alow level signal isinput to the SCS pin
within the period, a conflict error occurs. At thistime, the CE bit in SSSRis set to 1 and the MSS
bitiscleared to 0.

Note:  While the CE bit is set to 1, transmission or reception is not resumed. Clear the CE bit to 0
before resuming the transmission or reception.

External input to SCS H

Internal-clocked SCS

MSS !
Transfer enabled 1 1 |_
internal signal : :
E Data written /;/
CE \ 10 SSTDOR |
SCS output (Hi-Z) E E E
E Conflict error E : Worst time for
detection period internally clocking SCS

Figure16.10 Conflict Error Detection Timing (Before Transfer Start)
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Section 16 Synchronous Serial Communication Unit (SSU)

[7p]
(7p)

MSS

Transfer enabled
internal signal

.

Transfer T
CE end Lo

I
. 1

I
+— Conflict error detection period ————

Figure16.11 Conflict Error Detection Timing (After Transfer End)

16,5 Interrupt Requests

The SSU interrupt requests consist of transmit data register empty, transmit end, receive data
register full, overrun error, and conflict error. Of these interrupt sources, transmit data register
empty, transmit end, receive data register full can activate the DTC for data transfer.

The TDRE, TEND, and RDRF bits are automatically cleared to O by the DTC datatransfer. Since
these interrupt requests are allocated to four vector addresses: SSEr_i0, SSRx_i0, SSTx_i0 and
SSERT _i1, the interrupt sources must be distinguished by flags. Table 16.2 lists interrupt sources.
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Section 16 Synchronous Serial Communication Unit (SSU)

Table16.2 Interrupt Souses

Channel Abbreviation Interrupt Request Symbol Interrupt Condition
0 SSEr_i0 Overrun error OEl RIE=1,ORER =1
Conflict error CEl CEIE=1,CE=1
SSRx_i0 Receive data register full RXI RIE=1,RDRF=1
SSTx_i0 Transmit data register empty TXI TIE=1, TDRE=1
Transmit end TEI TEIE=1,TEND=1
1 SSERT i1 Overrun error OEl RIE=1,ORER =1
Conflict error CEl CEIE=1,CE=1
Receive data register full RXI RIE=1,RDRF=1
Transmit data register empty TXI TIE=1, TDRE=1
Transmit end TEI TEIE=1, TEND=1

When interrupt conditions shown in table 16.2 are satisfied and the | bit in CCR is 0, the CPU
executes interrupt exception processing. Clear each interrupt source in the exception processing.

16.6 Usage Note

16.6.1  Setting of Module Stop Mode

The SSU can be enabled/disabled by the module stop control register setting and is disabled by the
initial value. Canceling module stop mode enables to access the SSU registers. For details, see
section 22, Power-Down Modes.
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Section 17 A/D Converter

Section 17 A/D Converter

This LS includes a successive approximation type 10-bit A/D converter that allows up to sixteen
analog input channels to be selected. The block diagram of the A/D converter is shown in figure
17.1.

17.1 Features

e 10-bit resolution
e Sixteen input channels
e Conversion time: 11.08 s per channel (at 24 MHz operation)
e Two operating modes
— Single mode: Single-channel A/D conversion
— Scan mode: Continuous A/D conversion on 1 to 4 channels
e Four dataregisters
— Conversion results are held in a 16-bit data register for each channel
e Sample and hold function
e Three conversion start methods
— Software
— 16-bit timer pulse unit (TPU) conversion start trigger
— External trigger signal
e |Interrupt request
— An A/D conversion end interrupt request (ADI) can be generated
e Module stop mode can be set
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Section 17 A/D Converter

Module data bus

Internal data bus

[0
o
&
A0an 00|
£
(2] 1]
c >
i) om
g
ONHHHARRRLE
g2 D| D
Vier —= 10-bitD/A K]S 2 D|D|D|D clc
a>)2 RIR|R|R S|R
AVgg— ‘5 A|B|C|D R
@
(8]
[S]
>
]
ANO —*™ | []H
AN1 —™

- (/2

AN2 —= | T "
AN3 —»] ——i—o\cl - .~ 0/4

AN4 —= | T+ Comparator Control circuit

AN5 —_— 6 ! 1 “ ¢/8
ANG —= ;E_ Sample-and- -—— (/16
AN7 — E= hold circuit
AN8 —» =
AN9 —»| |—>AD|
AN10 —» interrupt
AN11 C‘onverfsion sTtg[tJ
AN12 trigger from
AN13 —»
AN14 —
AN15 — |
ADTRG

Legend:

ADCR:  A/D control register ADDRB: A/D data register B

ADCSR: A/D control/status register ADDRC: A/D data register C

ADDRA: A/D data register A ADDRD: A/D data register D

Figure17.1 Block Diagram of A/D Converter
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Section 17 A/D Converter

17.2  Input/Output Pins

Table 17.1 summarizes the input pins used by the A/D converter. 12 analog input pins are divided
into three groups, each of which includes four channels; analog input pins 3 to 0 (AN3 to ANO)
comprising group O, analog input pins 7 to 4 (AN7 to AN4) comprising group 1, analog input pins
11 to 8 (AN11 to AN8) comprising group 2, and analog input pins 15 to 12 (AN15 to AN12)
comprising group 3. The AVcc and AVss pins are the power supply pins for the A/D converter
analog section. The Vref pinisthe A/D conversion reference voltage pin.

Table17.1 Pin Configuration

Pin Name Symbol I/0 Function

Analog power supply pin AV . Input Analog section power supply and reference
voltage

Analog ground pin AV Input Analog section ground and reference
voltage

Reference voltage pin Vref Input Reference voltage of A/D conversion

Analog input pin 0 ANO Input Group 0 analog input pins

Analog input pin 1 AN1 Input

Analog input pin 2 AN2 Input

Analog input pin 3 AN3 Input

Analog input pin 4 AN4 Input Group 1 analog input pins

Analog input pin 5 AN5 Input

Analog input pin 6 ANG6 Input

Analog input pin 7 AN7 Input

Analog input pin 8 AN8 Input Group 2 analog input pins

Analog input pin 9 AN9 Input

Analog input pin 10 AN10 Input

Analog input pin 11 AN11 Input

Analog input pin 12 AN12 Input Group 3 analog input pins

Analog input pin 13 AN13 Input

Analog input pin 14 AN14 Input

Analog input pin 15 AN15 Input

A/D external trigger input pin  ADTRG Input External trigger input pin for starting A/D

conversion
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Section 17 A/D Converter

17.3  Register Description

The A/D converter has the following registers. For the addresses of these registers and information
on the register states in different operating modes, see section 23, List of Registers.

e A/D dataregister A (ADDRA)

e A/D dataregister B (ADDRB)

e A/D dataregister C (ADDRC)

e A/D dataregister D (ADDRD)

e A/D control/status register (ADCSR)
e A/D control register (ADCR)

1731 A/D Data RegistersA to D (ADDRA to ADDRD)

There are four 16-bit read-only ADDR registers ADDRA to ADDRD, used to store the results of
A/D conversion. The ADDR registers to store conversion results for each channel are shown in
table 17.2.

The converted 10-bit datais stored in bits 6 to 15 in ADDR. The lower 6 bits are alwaysread as 0.

The data bus between the CPU and the A/D converter is 8 bits wide. The upper byte can be read
directly from the CPU, however the lower byte should be read via atemporary register. The
temporary register contents are transferred from the ADDR when the upper byte datais read.
When reading the ADDR, always read the upper byte first, and then read the lower byte, or read in
word unit. Otherwise, the read contents are not guaranteed.

Table17.2 Analog Input Channelsand Corresponding ADDR Registers

Analog Input Channel

CH3=0 CH3=1 A/D Data Register to
Group 0 Group 1 Group 2 Group 3 Store the A/D
(CH2=0) (CH2=1) (CH2=0) (CH2=1) Conversion Results
ANO AN4 AN8 AN12 ADDRA
AN1 AN5 AN9 AN13 ADDRB
AN2 AN6 AN10 AN14 ADDRC
AN3 AN7 AN11 AN15 ADDRD
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Section 17 A/D Converter

1732

ADCSR controls A/D conversion operations.

A/D Control/Status Register (ADCSR)

Bit Bit Name Initial Value R/W Description
7 ADF 0 R/(W)* A/D End Flag
A status flag that indicates the end of A/D
conversion.
[Setting conditions]
e When A/D conversion ends in single mode
e When A/D conversion ends on all specified
channels selected in scan mode
[Clearing conditions]
e When 0 is written after reading ADF =1
e When the DTC is activated by an ADI interrupt
and ADDR is read
6 ADIE 0 R/W A/D Interrupt Enable
A/D conversion end interrupt (ADI) is enabled when
this bit is set to 1.
5 ADST 0 R/W A/D Start

Clearing this bit to 0 stops A/D conversion, and the
A/D converter enters the wait state.

Setting this bit to 1 starts A/D conversion. In single
mode, this bits is automatically cleared to O when
conversion on the specified channel is complete. In
scan mode, conversion continues sequentially on
the specified channels until this bit is cleared to 0
by software, a reset, or a transition to software
standby mode, hardware standby mode or module
stop mode.
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Bit Bit Name Initial Value R/W Description

4 SCAN 0 R/W Scan Mode
Selects the A/D conversion operating mode.
0: Single mode
1: Scan mode

3 CH3 0 R/W Channel Select 0 to 3

2 CH2 0 R/W Select analog input channels.

1 CH1 0 R/W When SCAN =0 When SCAN =1

0 CHO 0 R/W 0000: ANO 0000: ANO
0001: AN1 0001: AN1, ANO
0010: AN2 0010: AN2 to ANO
0011: AN3 0011: AN3 to ANO
0100: AN4 0100: AN4
0101: AN5 0101: AN5, AN4
0110: AN6 0110: AN6 to AN4
0111: AN7 0111: AN7 to AN4
1000: AN8 1000: AN8
1001: AN9 1001: AN9, AN8
1010: AN10O 1010: AN10 to AN8
1011: AN11 1011: AN11 to AN8
1100: AN12 1100: AN12
1101: AN13 1101: AN13, AN12
1110: AN14 1110: AN14 to AN12
1111: AN15 1111: AN15 to AN12

Note: * Only a 0 can be written to this bit, to clear the flag.
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17.3.3 A/D Control Register (ADCR)

The ADCR enables A/D conversion started by an external trigger signal.

Bit Bit Name Initial Value R/W Description
7 TRGS1 0 R/W Timer Trigger Select 1 and 0
6 TRGSO 0 R/W Enable the start of A/D conversion by a trigger

signal. Bits TRGSO0 and TRGS1 should be set while
A/D conversion is stopped (ADST = 0).

00: A/D conversion is started by software

01: A/D conversion is started by TPU conversion
start trigger

10: Start of A/D conversion by 8-bit timer
conversion start trigger is allowed

11: A/D conversion is started by the ADTRG pin

54 — All 1 — Reserved
These bits are always read as 1.
3 CKS1 0 R/W Clock Select1 and 0
2 CKSO0 0 R/W Specify the A/D conversion time. The conversion

time should be changed only when ADST = 0.
Specify a value within the range shown in table
24.7.

00: Conversion time = 530 states (max.)

01: Conversion time = 266 states (max.)

10: Conversion time = 134 states (max.)

11: Conversion time = 68 states (max.)
1,0 — All 1 — Reserved

These bits are always read as 1.
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174  Operation

The A/D converter operates by successive approximation with 10-bit resolution. It has two
operating modes; single mode and scan mode. When changing the operating mode or anal og input
channel, clear the ADST bit in ADCSR to O first in order to prevent incorrect operation. The
ADST hit can be set at the same time as the operating mode or analog input channel is changed.

1741 SingleMode
In single mode, A/D conversion is performed only once on the specified single channel asfollows.

1. A/D conversion is started when the ADST bit is set to 1 by software or external trigger input.

2. When A/D conversion is completed, the result is transferred to the A/D data register
corresponding to the channel.

3. On completion of conversion, the ADF bitin ADCSRissetto 1. If the ADIE bitissetto 1 at
thistime, an ADI interrupt request is generated.

4, The ADST hit retains 1 during A/D conversion. When A/D conversion ends, the ADST hitis
automatically cleared to 0 and the A/D converter enters the wait state. If the ADST bit is
cleared to O during A/D conversion, the conversion is stopped and the A/D converter enters the
wait state.

17.4.2 Scan Mode

In scan mode, A/D conversion isto be performed sequentially on the specified channels up to four
channels as follows.

1. When the ADST bit is set to 1 by software, TPU or external trigger input, A/D conversion
starts on the first channel in the group (for example, ANO when CH3 and CH2 = 00, AN4
when CH3 and CH2 = 01, AN8 when CH3 and CH2 = 10, or AN12 when CH3 and CH2 = 11).

2. When the A/D conversion is completed on one channel, the result is sequentially transferred to
the A/D dataregister corresponding to the channel.

3. When the conversion is completed on al the selected channels, the ADF bitin ADCSR is set
to 1. If the ADIE bit is set to 1 at thistime, an ADI interrupt is requested after A/D conversion
ends. Then, the A/D converter restarts the conversion from the first channel in the group.

4. Steps?2to 3 arerepeated aslong asthe ADST bit is set to 1. When the ADST bit is cleared to
0, the A/D conversion stops and the A/D converter enters the wait state.
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17.43  Input Sampling and A/D Conversion Time

The A/D converter includes the sample-and-hold circuit. The A/D converter samples the analog
input when the A/D conversion start delay time (t,) has passed after the ADST bit isset to 1, and
then conversion is started. Figure 17.2 shows the A/D conversion timing. Table 17.3 shows the
A/D conversion time.

As shown in figure 17.2, the A/D conversion time (t_,,) includes t, and input sampling time (tg, ).
The length of t, varies depending on the timing of the write accessto ADCSR. Therefore, the total
conversion time varies within the range shown in table 17.3.

In scan mode, the values given in table 17.3 indicate the first conversion time. The second and
subsequent conversion time is shown in table 17.4. In both cases, set bits CKS1 and CKS0 in
ADCR within the range shown in table 24.7.

@)

S T

Address | 2)

Write signal | |

Input sampling
timing g

ADF

o tspL

tconv
Legend:
(2): ADCSR write cycle
(2): ADCSR address
tp: A/D conversion start delay
tsp:  Input sampling time
tcony: A/D conversion time

Figure17.2 A/D Conversion Timing
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Table17.3 A/D Conversion Time (Single Mode)

CKS1=0 CKs1=1

CKS0=0 CKso=1 CKS0=0 CKs0=1
Item Symbol Min Typ Max Min Typ Max Min Typ Max Min Typ Max
A/D conversion t; 18 — 33 0 — 17 6 — 9 4 — 5
start delay
Input sampling t, _ 127 - - 63 — — 31 — — 15 —
time
A/D conversion t_, 515 — 530 259 — 266 131 — 134 67 — 68
time

Note: All values represent the number of states.

Table17.4 A/D Conversion Time (Scan M ode)

CKS1 CKSO0 Conversion Time (State)
0 0 512 (Fixed)

1 256 (Fixed)
1 0 128 (Fixed)

1 64 (Fixed)
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17.44  External Trigger Input Timing

A/D conversion can be externally triggered. When bits TRGS0 and TRGS1 in ADCR are set to
11, an external trigger isinput on the ADTRG pin. At the falling edge of the ADTRG pin, the
ADST bitin ADCSR is set to 1, and the A/D conversion starts. Other operations are the same as
when the ADST bit has been set to 1 by software in both single and scan modes. Figure 17.3
shows the timing.

ADTRG

Internal trigger signal

ADST |

| A/D conversion

Figure17.3 External Trigger Input Timing

175 Interrupt Source

When A/D conversion is completed, the A/D converter generates an A/D conversion end interrupt
(ADI). The ADI interrupt request is enabled when the ADIE bit is set to 1 while the ADF bit in
ADCSRis set to 1 after A/D conversion is completed. The DTC can be activated by an ADI
interrupt. Having the converted data read by the DTC in response to an ADI interrupt enables
continuous conversion without imposing a load on software.

Table17.5 A/D Converter Interrupt Source

Name Interrupt Source Interrupt Source Flag DTC Activation

ADI A/D conversion completed ADF Possible
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17.6  A/D Conversion Accuracy Definitions

ThisLSI's A/D conversion accuracy definitions are given below.

Resolution

The number of A/D converter digital output codes

Quantization error

The deviation inherent in the A/D converter, given by 1/2 LSB (see figure 17.4).

Offset error

The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from the minimum voltage val ue B'0000000000 (H'000) to
B'0000000001 (H'001) (see figure 17.5).

Full-scale error

The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from B'1111111110 (H'3FE) to B'1111111111 (H'3FF) (see
figure 17.5).

Nonlinearity error

The error with respect to theideal A/D conversion characteristic between zero voltage and full-
scale voltage. Does not include offset error, full-scale error, or quantization error (see figure
17.5).

Absolute accuracy

The deviation between the digital value and the analog input value. Includes offset error, full-
scale error, quantization error, and nonlinearity error.
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Digital output

Ideal A/D conversion —=
111 + characteristic
110 |~
101 |
100 |~
011
010 |~ L Quantization error
001 |-
000 | | | (¢ | | |
1 2 1022 1023 FS
1024 1024 1024 1024
Analog

input voltage

Figure17.4 A/D Conversion Accuracy Definitions

Digital output Full-scale error

Ideal A/D conversion
characteristic

a
G

Nonlinearity
/! error

’
’
’
’

«.~ Actual A/D conversion
/" characteristic

[— FS

T Analog
Offset error input voltage

Figure17.5 A/D Conversion Accuracy Definitions
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17.7  Usage Notes

1771 Module Stop Mode Setting

Operation of the A/D converter can be disabled or enabled using the module stop control register.
Theinitial setting isfor operation of the A/D converter to be halted. Register access is enabled by
clearing module stop mode. For details, refer to section 22, Power-Down Modes.

17.7.2 Permissible Signal Source mpedance

ThisLSI’sanalog input is designed such that conversion accuracy is guaranteed for an input signal
for which the signal source impedance is5 kQ or less. This specification is provided to enable the
A/D converter’s sample-and-hold circuit input capacitance to be charged within the sampling
time; if the sensor output impedance exceeds 5 kQ, charging may be insufficient and it may not be
possible to guarantee A/D conversion accuracy. However, for A/D conversion in single mode with
alarge capacitance provided externally, the input load will essentially comprise only the internal
input resistance of 10 kQ, and the signal source impedance isignored. However, as alow-pass
filter effect is obtained in this case, it may not be possible to follow an analog signal with alarge
differential coefficient (e.g., 5 mV/us or greater) (see figure 17.6). When converting a high-speed
analog signal or converting in scan mode, alow-impedance buffer should be inserted.

17.7.3  Influences on Absolute Accuracy

Adding capacitance results in coupling with GND, and therefore noisein GND may adversely
affect absolute accuracy. Be sure to make the connection to an electrically stable GND such as
AVss.

Careisaso required to insure that filter circuits do not communicate with digital signals on the
mounting board (i.e., acting as antennas).

This LS| A/D converter
Sensor output equivalent circuit
impedance
to 5 kQ 10 kQ
Sensor input W _L _L M" J_
i Low-pass : Cin = 20 pF
¢ filter C l : 15 pF -m_|- I
't0 0.1 uF :
_________________ H

Figure17.6 Exampleof Analog Input Cir cuit
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17.74  Range of Analog Power Supply and Other Pin Settings
If the conditions below are not met, the reliability of the device may be adversely affected.

e Anaog input voltage range
The voltage applied to analog input pin ANn during A/D conversion should be in the range
AVss<VNn< AVcc.

e Relationship between AVcc, AVssand Ve, Vss

Set AVss = Vssasthe relationship between AVce, AVssand Vg, Vss. If the A/D converter is
not used, the AV cc and AV ss pins must not be left open.

e Setting range of the Vref pin
The reference voltage set by the Vref pin should be in the range Vref < AVcc.

17.75 Noteson Board Design

In board design, digital circuitry and analog circuitry should be as mutually isolated as possible,
and layout in which digital circuit signal lines and analog circuit signal lines cross or arein close
proximity should be avoided as far as possible. Failure to do so may result in incorrect operation
of the analog circuitry due to inductance, adversely affecting A/D conversion values. Also, digital
circuitry must be isolated from the analog input signals (AN15 to ANO) and analog power supply
(AVcc) by the analog ground (AVss). Also, the analog ground (AV ss) should be connected at one
point to a stable digital ground (Vss) on the board.

17.7.6  Notes on Noise Counter measur es

A protection circuit should be connected in order to prevent damage due to abnormal voltage, such
as an excessive surge at the analog input pins (AN15 to ANO), between AVcc and AVss, as shown
in figure 17.7. Also, the bypass capacitors connected to AV cc and the filter capacitor connected to
AN15 to ANO must be connected to AVss.

If afilter capacitor is connected, the input currents at the analog input pins (AN15 to ANQ) are
averaged, and so an error may arise. Also, when A/D conversion is performed frequently, asin
scan mode, if the current charged and discharged by the capacitance of the sample-and-hold circuit
inthe A/D converter exceeds the current input via the input impedance (R,), an error will arisein
the analog input pin voltage. Careful consideration is therefore required when deciding circuit
constants.
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/\/

. [
o L AvVCC

Ri2 % 1000

*1 O—N‘/‘——N‘f‘j_—t ANO to AN15

A
o T 0'1“FT [1 Avss

/\_/

Notes: Values are reference values.
1.

10 uF 0.01 pF

2. Rjp: Input impedance

Figure17.7 Example of Analog Input Protection Circuit

Table17.6 Analog Pin Specifications

Iltem Min Max Unit
Analog input capacitance 20 pF
Permissible signal source impedance 5 kQ
10 kQ
AN15 to ANO O—Ml—> To A/D converter

I 20 pF

Note: Values are reference values.

Figure17.8 Analog Input Pin Equivalent Circuit
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Section 18 RAM

The H85/2628 has 8 kbytes, and the H8S5/2627 has 6 kbytes of on-chip high-speed static RAM.
The RAM is connected to the CPU by a 16-bit data bus, enabling one-state access by the CPU to
both byte data and word data.

The on-chip RAM can be enabled or disabled by means of the RAME bit in the system control
register (SY SCR). For details on SY SCR, refer to section 3.2.2, System Control Register
(SYSCR).

Product Model ROM Type Capacity Address
H8S/2628 Group  HD64F2628 Flash memory 8 kbytes H'FFDO00O0 to H'FFEFBF
version
HD6432628 Masked ROM 8 kbytes H'FFDO0O0 to H'FFEFBF
HD6432627  version 6 kbytes H'FFD800 to H'FFEFBF
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Section 19 ROM

The features of the flash memory are summarized below.

The block diagram of the flash memory is shown in figure 19.1.

19.1 Features

e Size: 128 kbytes
e Programming/erase methods
— The flash memory is programmed 128 bytes at atime. Erase is performed in single-block
units. The flash memory is configured as follows: 32 kbytes x 2 blocks, 28 kbytes x 1
block, 16 kbytes x 1 block, 8 kbytes x 2 blocks, and 1 kbyte x 4 blocks. To erase the entire
flash memory, each block must be erased in turn.
e Reprogramming capability
— The flash memory can be reprogrammed up to 100 times.
e Three programming modes
— Boot mode
— User mode
— Programmer mode
— On-board programming/erasing can be done in boot mode, in which the boot program built
into the chip is started to erase or program of the entire flash memory. In normal user
program mode, individual blocks can be erased or programmed.
e Programmer mode
— Hash memory can be programmed/erased in programmer mode using a PROM
programmer, as well asin on-board programming mode.
e Automatic bit rate adjustment
— For datatransfer in boot mode, this LSI’ s bit rate can be automatically adjusted to match
the transfer bit rate of the host.
e Programming/erasing protection
— Sets software protection against flash memory programming/erasing.
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Internal address bus

Internal data bus (16 bits)

LMCR1 O

MCR2 . Operating FWE pin
—] [ —
TBRL Bus interface/controller mode Mode pins

| O O
RAMER

Flash memory
(128 kbytes)

Module bus
i -n
il

m
@©
)
N

Legend:

FLMCR1: Flash memory control register 1
FLMCR2: Flash memory control register 2
EBR1: Erase block register 1

EBR2: Erase block register 2

RAMER: RAM emulation register

Figure19.1 Block Diagram of Flash Memory

19.2 ModeTransitions

When the mode pins and the FWE pin are set in the reset state and a reset-start is executed, this
LSl enters an operating mode as shown in figure 19.2. In user mode, flash memory can be read but
not programmed or erased.

The boot, user program and programmer modes are provided as modes to write and erase the flash
memory.

The differences between boot mode and user program mode are shown in table 19.1.

Figure 19.3 shows the operation flow for boot mode and figure 19.4 shows that for user program
mode.
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MD1 =1,
MD2 =1, Reset state
FWE =0
*1 :
User mode RES =0
(on-chip ROM RES=0
enabled) MD1 =1, *2
MD2 =1, RES=0
FWE=1 MD2 =0,
FWE=1 FWE =0 MD1=1,| |[RES=0
FWE=1 Programmer
N mode
*1
User
program mode
Y
Boot mode

On-board programming mode

Notes: Only make a transition between user mode and user program mode when the CPU is
not accessing the flash memory.

1. RAM emulation possible
2. This LSl transits to programmer mode by using the dedicated PROM programmer.

Figure19.2 Flash Memory State Transitions

Table19.1 Differences between Boot M ode and User Program Mode

Boot Mode User Program Mode
Total erase Yes Yes
Block erase No Yes
Programming control program* 2 1) @ @3

(1) Erase/erase-verify

(2) Program/program-verify

(3) Emulation

Note: * To be provided by the user, in accordance with the recommended algorithm.
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1.

Initial state

The old program version or data remains written
in the flash memory. The user should prepare the
programming control program and new
application program beforehand in the host.

Host

Programming control
program

New application )
program
This LSI
N SCI
k Boot program \
Flash memory RAM

Application program
(old version)

3. Flash memory initialization

The erase program in the boot program area (in
RAM) is executed, and the flash memory is
initialized (to H'FF). In boot mode, total flash
memory erasure is performed, without regard to

blocks.
Host

New application )
program
This LSI
Boot program SCl
Flash memory RAM

Boot program area

Programming control
program

Flash memory
preprogramming
erase

. Programming control program transfer

When boot mode is entered, the boot program in
this LSI (originally incorporated in the chip) is
started and the programming control program in
the host is transferred to RAM via SCI
communication. The boot program required for
flash memory erasing is automatically transferred
to the RAM boot program area.

New application
program

This LSI

< SCI
k Boot program \

Flash memory RAM

Boot program area

Programming control
program

Application program
(old version)

. Writing new application program

The programming control program transferred
from the host to RAM is executed, and the new
application program in the host is written into the
flash memory.

Host

This LSI

Boot program / SCI
RAM

Flash memory

Boot program area

New application

Programming control \]
program k -_program

R Program execution state

Figure 19.3 Boot Mode
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1.

Initial state

The FWE assessment program that confirms that
user program mode has been entered, and the
program that will transfer the programming/erase
control program from flash memory to on-chip

2. Programming/erase control program transfer

RAM should be written into the flash memory by
the user beforehand. The programming/erase
control program should be prepared in the host

or in the flash memory.
Host

Programming/
erase control program

When user program mode is entered, user
software confirms this fact, executes transfer
program in the flash memory, and transfers the
programming/erase control program to RAM.

New application
program
This LSI

New appl
program

This LSI

Boot program

Flash memory RAM

Boot program

Flash memory

SCI

RAM

FWE assessment
program

Transfer program

FWE assessment
AN Rrogram A

Transfer program

Application program
(old version)

Application program|
(old version)

Programming/
erase control program

. Flash memory initialization
The programming/erase program in RAM is

executed, and the flash memory is initialized (to
H'FF). Erasing can be performed in block units,

but not in byte units.
Host

4. Writing new application program

Host

Next, the new application program in the host is
written into the erased flash memory blocks. Do
not write to unerased blocks.

New application
program

This LSI

This LSI

Boot program

Flash memory RAM

SCI

Boot program

Flash memory

‘AAM

FWE assessment

Transfer program

Programming/ \
[\erase control program

FWE assessment

Transfer program

Flash memory
erase

New application
program

Programming/ ‘
K\erase control program

R Program execution state

Figure19.4 User Program Mode
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19.3 Block Configuration

Figure 19.5 shows the block configuration of 128-kbyte flash memory. The thick linesindicate
erasing units, the narrow lines indicate programming units, and the values are addresses. The flash
memory is divided into 32 kbytes (2 blocks), 28 kbytes (1 block), 16 kbytes (1 block), 8 kbytes (2
blocks), and 1 kbyte (4 blocks). Erasing is performed in these units. Programming is performed in
128-byte units starting from an address with lower eight bits H'00 or H'80.

EBO | Ho00000 | HO000001 | HOOOODD2 | < Programming unit: 128 bytes — | H00007F
Erase unit ' T T T T '
1 kbyte T T T T

H000380 | H000381 | H000382 ! " HO003FF
EB1 HO000400 | HO000401 : H000402 ' <— Programming unit: 128 bytes —= ' H00047F
Erase unit T T T |
1 kbyte - - - :

H000780 | H'000781 ! H000782 ! ! HO007FF
EB2 H000800 | HO00080 | H000802 | ~<— Programming unit: 128 bytes —= ' H00087F
Erase unit ' ' ' ]
1 kbyte T T T T

H'000B8O | H'000B81 ! H000BS2 ! ! HO00BFF
EB3 H000C00 @ H'000CO1 ! HO000C02 |  ~<— Programming unit: 128 bytes — | H000C7F
Erase unit ' ' ' T
1 kbyte i i i T

H'000F80 | HO00F8L ! H'000F82 ! | HOOOFFF
EB4 H001000 | HO001001 | HO001002 ' ~— Programming unit: 128 bytes — ' H00107F
Erase unit T T T T
28 kbytes : : : T

H'O07F80 | HOO7F81 | HOO7F82 ! " HOO7FFF
EB5 H008000 | H008001 ' H008002 | ~— Programming unit: 128 bytes — ' H00807F
Erase unit ' ' ! |
16 kbytes T T T i

H'OOBF80 | HOOBF8L | HOOBF82 ! ! HOOBFFF
EB6 H00C000 ! HOOCO0L ! H'00C002 ! —<— Programming unit: 128 bytes — ' H00CO7F
Erase unit ' ' ' T
8 kbytes i i i T

H'OODF80! HOODF81 | HOODFS2 ! ' HOODFFF
EB7 HOOE000 ! H'O0EO0L ' HOOE002 |  ~— Programming unit: 128 bytes — | HO0EQ7F
Erase unit ' ' ' '
8 kbytes T T T —

H'OOFF80 | H'OOFF8L | HOOFF82 ! ! HOOFFFF
EBS8 H010000 ' H010001 ' HO010002 ' =— Programming unit: 128 bytes — ! H01007F
Erase unit ' ' ! |
32 kbytes T T T 0

HOL7F80 | HO17F8L ! HO17F82 ! | HOL7FFF
EB9 H'018000 E H'018001 E H'018002 E <— Programming unit: 128 bytes — E H'01807F
Erase unit , , ! T
32 kbytes T T T T

HOLFF80 | HOLFF8L | HOLFF82 ! ' HOLFFFF

Figure19.5 Flash Memory Block Configuration
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194  Input/Output Pins
The flash memory is controlled by means of the pins shown in table 19.2.

Table19.2 Pin Configuration

Pin Name /0 Function

RES Input Reset

FWE Input Flash program/erase protection by hardware
MD2 Input Sets this LSI's operating mode

MD1 Input Sets this LSI's operating mode

MDO Input Sets this LSI's operating mode

TxD2 Output Serial transmit data output

RxD2 Input Serial receive data input

195 Register Descriptions

The flash memory has the following registers. For the addresses of these registers and information
on the register states in different operating modes, see section 23, List of Registers.

Flash memory control register 1 (FLMCRL1)
Flash memory control register 2 (FLMCR?2)
Erase block register 1 (EBR1)

Erase block register 2 (EBR2)

RAM emulation register (RAMER)

19.5.1 Flash Memory Control Register 1 (FLMCR1)

FLMCR1 makes the flash memory enter program mode, program-verify mode, erase mode, or
erase-verify mode. For details on the register setting, refer to section 19.8, Flash Memory
Programming/

Erasing.
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Bit

Bit Name

Initial Value

R/W

Description

7

FWE

Reflects the input level at the FWE pin. ltis setto 1
when a low level is input to the FWE pin, and
cleared to 0 when a high level is input.

SWE

R/W

Software Write Enable

When this bit is set to 1, flash memory
programming/erasing is enabled. When this bit is
cleared to 0, other FLMCRL1 register bits and all
EBR1 and EBR?2 bits cannot be set.

ESU1

R/W

Erase Setup

When this bit is set to 1, the flash memory changes
to the erase setup state. When it is cleared to O,
the erase setup state is cancelled.

PSU1

R/W

Program Setup

When this bit is set to 1, the flash memory changes
to the program setup state. When it is cleared to O,
the program setup state is cancelled. Set this bit to
1 before setting the P1 bit in FLMCR1.

EV1

R/W

Erase-Verify

When this bit is set to 1, the flash memory changes
to erase-verify mode. When it is cleared to O,
erase-verify mode is cancelled.

PV1

R/W

Program-Verify

When this bit is set to 1, the flash memory changes
to program-verify mode. When it is cleared to O,
program-verify mode is cancelled.

El

R/W

Erase

When this bit is set to 1 while the SWE1 and ESU1
bits are 1, the flash memory changes to erase
mode. When it is cleared to 0, erase mode is
cancelled.

P1

R/W

Program

When this bit is set to 1 while the SWE1 and PSU1
bits are 1, the flash memory changes to program
mode. When it is cleared to 0, program mode is
cancelled.
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1952 Flash Memory Control Register 2 (FLMCR?2)

FLMCR2 indicates the state of flash memory programming/erasing. FLMCR2 is a read-only

register, and should not be written to.

Bit Bit Name Initial Value

R/W

Description

7 FLER 0

R

Indicates that an error has occurred during flash
memory programming or erasing. When the flash
memory enters the error-protection state, this bit is
set to 1.

See section 19.9.3, Error Protection, for details.

6to0 — AllO

Reserved
These bits are always read as 0.

1953 EraseBlock Register 1 (EBR1)

EBR1 specifies the flash memory erase areablock. EBR1 isinitialized to H'00 when the SWE bit
in FLMCR1is 0. Do not set more than one bit at atime, otherwise, all the bitsin EBR1 are

automatically cleared to O.

Bit Bit Name Initial Value R/W Description

7 EB7 0 R/W When this bit is set to 1, 8 kbytes of EB7
(H'0O0EQ0O0 to H'00FFFF) will be erased.

6 EB6 0 R/W When this bit is set to 1, 8 kbytes of EB6
(H'00CO000 to H'OODFFF) will be erased.

5 EB5 0 R/W When this bit is set to 1, 16 kbytes of EB5
(H'008000 to H'00BFFF) will be erased.

4 EB4 0 R/W When this bit is set to 1, 28 kbytes of EB4
(H'001000 to H'007FFF) will be erased.

3 EB3 0 R/W When this bit is set to 1, 1 kbyte of EB3 (H'000C00
to H'00OFFF) will be erased.

2 EB2 0 R/W When this bit is set to 1, 1 kbyte of EB2 (H'000800
to H'O00BFF) will be erased.

1 EB1 0 R/W When this bit is set to 1, 1 kbyte of EB1 (H'000400
to H'0007FF) will be erased.

0 EBO 0 R/W When this bit is set to 1, 1 kbyte of EBO (H'000000

to H'0003FF) will be erased.
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1954 EraseBlock Register 2 (EBR2)

EBR2 specifies the flash memory erase areablock. EBR1 isinitialized to H'00 when the SWE bit
in FLMCR1 is 0. Do not set more than one bit at atime, otherwise, all the bitsin EBR1 are be

automatically cleared to O.

Bit Bit Name Initial Value R/W Description

7t0 — AllO — Reserved

2 These bits are always read as 0.

1 EB9 0 R/W When this bit is set to 1, 32 kbytes of EB9
(H'018000 to H'01FFFF) will be erased.

0 EB8 0 R/W When this bit is set to 1, 32 kbytes of EB8

(H'010000 to H'017FFF) will be erased.

1955 RAM Emulation Register (RAMER)

RAMER specifies the area of flash memory to be overlapped with part of RAM when emulating
real-time flash memory programming. RAMER settings should be made in user mode or user
program mode. To ensure correct operation of the emulation function, the ROM for which RAM
emulation is performed should not be accessed immediately after this register has been modified.
If accessed, normal access execution is not guaranteed.

Bit Bit Name Initial Value R/W Description
7,6 — All 0 — Reserved
These bits are always read as 0.
54 — AllO R/W Reserved
Only 0 should be written to these bits.
3 RAMS 0 R/W RAM Select

Specifies selection or non-selection of flash
memory emulation in RAM. When RAMS = 1, the
flash memory is overlapped with part of RAM, and
all flash memory blocks are program/erase-
protected.
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Bit Bit Name Initial Value R/W Description

2 RAM2 0 R/W Flash Memory Area Selection

1 RAM1 0 RIW Specifies one of the following flash memory areas
0 RAMO 0 R/W

to overlap the RAM area of H'FFEQ0QO to H'FFE3FF
when the RAMS bit is set to 1. The areas
correspond with 1-kbyte erase blocks.

00x: H'000000 to H'0003FF (EBO)
01x: H'000400 to H'0007FF (EB1)
10x: H'000800 to H'000BFF (EB2)
11x: H'000CO00 to H'000FFF (EB3)
Legend: x: Don't care

19.6  On-Board Programming Modes

There are two modes for programming/erasing of the flash memory; boot mode enabling on-board
programming/erasing and programmer mode enabling programming/erasing with a PROM
programmer. On-board programming/erasing can also be performed in user program mode. At
reset-start in reset mode, this LS| changes to a mode depending on the MD pin settings and FWE
pin setting, as shown in table 19.3. The input level of each pin must be defined four states before
the reset ends.

When boot mode is entered, the boot program built into this LS| isinitiated. The boot program
transfers the programming control program from the externally-connected host to on-chip RAM
via SCl_2. After erasing the entire flash memory, the programming control program is executed.
This can be used for programming initial valuesin the on-board state or for aforcible returnin
case that programming/erasing cannot be performed in user program mode. In user program mode,
individual blocks can be erased and programmed by branching to the user program/erase control
program prepared by the user.

Table19.3 Setting On-Board Programming M odes

MD2 MD1 MDO FWE LSI State after Reset End
1 1 1 1 User Mode
0 1 1 1 Boot Mode
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19.6.1 Boot Mode

Table 19.4 shows the boot mode operations from a reset end to a branch to the programming
control program.

1

In boot mode, the flash memory programming control program must be prepared in the host
beforehand. Prepare a programming control program in accordance with the description in
section 19.8, Flash Memory Programming/Erasing.

SCI_2 should be set to asynchronous mode with the transfer format of 8-hit data, 1 stop bit,
and no parity.

When the boot program is initiated, the chip measures the low-level period of asynchronous
SCI communication data (H'00) transmitted continuously from the host. The chip then
calculates the bit rate of transmission from the host, and adjusts the SCI_ 2 bit rate to match
that of the host. The reset should end with the RxD pin high. The RxD and TxD pins should be
pulled up on the board if necessary. After the reset is complete, it takes approximately 100
states before the chip is ready to measure the low-level period.

When the bit rate matching is completed, the chip transmits 1-byte data H'00 to the host to
indicate the end of bit rate adjustment. The host should confirm that this adjustment end
indication (H'00) has been received normally, and transmit 1-byte data H'55 to the chip. If
reception could not be performed normally, initiate boot mode again by areset. Depending on
the host’ s transfer bit rate and system clock frequency of thisL S, there will be a discrepancy
between the bit rates of the host and the chip. To operate the SCI properly, set the host’s
transfer bit rate and system clock frequency of this LS| within the ranges listed in table 19.5.

In boot mode, a part of the on-chip RAM areais used by the boot program. The area H'FFE800
to H'FFEFBF is used to store the programming control program to be transferred from the
host. The boot program area cannot be used until the execution is shifted to the programming
control program.

Before branching to the programming control program, the chip terminates transfer operations
by SCI_2 (by clearing the RE and TE bitsin SCR to 0), however the adjusted bit rate valueis
retained in BRR. Therefore, the programming control program can still useit for transfer of
write data or verify data with the host. At thistime, the TxD pinisin the high level output
state. The contents of the CPU general registers are undefined immediately after branching to
the programming control program. These registers must beinitialized at the beginning of the
programming control program, since the stack pointer (SP), in particular, is used implicitly in
subroutine calls, etc.

Boot mode can be cleared by areset. End the reset by driving the reset pin low, waiting at |least
20 states, and then setting the mode (M D) pins. Boot mode is also cleared when aWDT
overflow occurs.

Do not change the MD pin input level in boot mode.
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9. All interrupts are disabled during programming or erasing of the flash memory.

Table19.4 Boot Mode Operation

Host Operation LS| Operation
Item Processing Contents Communications Contents Processing Contents
Boot mode Branches to boot program at reset-start
start
Boot program initiation
. . H 1| 1 1| U !
B Continuously transmits data H00 at H'00, H0O ...... H'00 - Measures low-level period of receive data
adjustment specified bit rate T HO0
- Calculates bit rate and sets it in BRR of
SCI_2
H'00 - Transmits data H'00 to host as adjustment
Transmits data H'55 when data H'00 end indication
is received error-free H'55
Transmits data H'AA to host when data
H'AA H'55 is received
Receives data H'AA ‘
|
Transfer of v .
programming  Transmits number of bytes (N) of H|g}2\—largrzretr))g;:nd
control programming control program to be >
program transferred as 2-byte data (low-order Echobacks the 2-byte data received
byte following high-order byte) Echoback
‘ H'XX .
Transmits 1-byte of programming Echobacks received data to host and also
control program (repeated for < Echoback transfers it to RAM (repeated for N times)
Ntimes) ‘
Flash memory
erase . Checks flash memory data, erases all
Boot program - H'FF flash memory blocks in case of written
erase error data existing, and transmits data H'AA to
host (If erase could not be done,
. ' H'AA transmits data H'FF to host and aborts
Receives data H'AA operation)
|

Branches to programming control program
transferred to on-chip RAM and starts
execution

Table19.5 System Clock Frequenciesfor which Automatic Adjustment of L SI Bit Rateis

Possible
Host Bit Rate System Clock Frequency Range of LSI
19,200 bps 24 MHz
9,600 bps 24 t0 8 MHz
4,800 bps 24 t0 4 MHz
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19.6.2 Programming/Erasingin User Program Mode

On-board programming/erasing of an individual flash memory block can also be performed in user
program mode by branching to a user program/erase control program. The user must set branching
conditions and provide on-board means of supplying programming data. The flash memory must
contain the user program/erase control program or a program that provides the user program/erase
control program from external memory. Since the flash memory itself cannot be read during
programming/erasing, transfer the user program/erase control program to on-chip RAM, asin boot
mode. Figure 19.6 shows a sample procedure for programming/erasing in user program mode.
Prepare a user program/erase control program in accordance with the description in section 19.8,
Flash Memory Programming/Erasing.
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Reset-start

No

Program/erase?

Transfer user program/erase control
program to RAM

Branch to flash memory application
program

Branch to user program/erase control
program in RAM

FWE = high*

Execute user program/erase control
program (flash memory rewrite)

Clear FWE

Branch to flash memory application
program

Note: * Do not constantly apply a high level to the FWE pin. Only apply a high level to the FWE pin

when programming or erasing the flash memory. To prevent excessive programming or
erasing, while a high level is being applied to the FWE pin, activate the watchdog timer in

case of handling CPU runaways.

Figure 19.6 Programming/Erasing Flowchart Examplein User Program Mode
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19.7  Flash Memory Emulation in RAM

A setting in the RAM emulation register (RAMER) enables part of RAM to be overlapped onto
the flash memory area so that data to be written to flash memory can be emulated in RAM in real
time. Emulation can be performed in user mode or user program mode. Figure 19.7 shows an
example of emulation of real-time flash memory programming.

1

Set RAMER to overlap part of RAM onto the area for which real-time programming is
required.

Emulation is performed using the overlapping RAM.

After the program data has been confirmed, the RAMS hit is cleared, thus releasing the RAM
overlap.

The data written in the overlapping RAM iswritten into the flash memory space (EBO).

( Start of emulation program )

| Set RAMER |

Write tuning data to overlap
RAM

| Execute application program |

>

Yes

| Clear RAMER |

Write to flash memory
emulation block

( End of emulation program )

Figure 19.7 Flowchart for Flash Memory Emulation in RAM
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An example in which flash memory block area EBO is overlapped is shown in figure 19.8.

. The RAM areato be overlapped isfixed at a 1-kbyte areain the range H'FFEQ0O to H'FFE3FF.
. Theflash memory areato overlap is selected by RAMER from a 1-kbyte area of the EBO to
EB3 blocks.

. The overlapped RAM area can be accessed from both the flash memory addresses and RAM
addresses.

. When the RAMS bit in RAMER is set to 1, program/erase protection is enabled for all flash
memory blocks (emulation protection). In this state, setting the P1 or E1 bitin FLMCR1to 1
does not make atransition to program mode or erase mode.

. A RAM area cannot be erased by execution of software in accordance with the erase
algorithm.

. Block area EBO contains the vector table. When performing RAM emulation, the vector table
is needed in the overlap RAM.

H'000000
Flash memory Flash memory
(EBO) (EBO)
H'0003FF
H000400 On-chip RAM
(Shadow of
(EB1) H'FFE00O to
H'FFE3FF)
H'0007FF
H'000800
Flash memor
(EB2) (EB2) y
H'000BFF
H'000C00
(EB3) (EB3)
H'000FFF
H'FFEOOO .
On-chip RAM On-chip RAM
(1 kbyte) (1 kbyte)
H'FFE3FF
Normal memory map Memory map

with overlapped RAM

Figure 19.8 Example of RAM Overlap Operation
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19.8 Flash Memory Programming/Erasing

The flash memory is programmed or erased in on-board programming mode by a software method
using the CPU. Depending on the FLM CR1 setting, the flash memory operates in one of the
following four modes. Program mode, program-verify mode, erase mode, and erase-verify mode.
The programming control program in boot mode and the user program/erase control program in
user program mode perform programming/erasing in combination with these modes. Flash
memory programming and erasing should be performed in accordance with the descriptionsin
section 19.8.1, Program/Program-V erify, and section 19.8.2, Erase/Erase-Verify, respectively.

19.8.1 Program/Program-Verify

When writing data or programs to the flash memory, the program/program-verify flowchart shown
in figure 19.9 should be followed. Performing programming operations according to this flowchart
will enable data or programs to be written to the flash memory without subjecting the chip to
voltage stress or sacrificing program data reliability.

1. Programming must be done on erased addresses. Do not perform additional programming or
previously programmed addresses.

2. Programming should be performed in units of 128 bytes. A 128-byte data must be transferred
even if datato be written is fewer than 128 bytes. In this case, H'FF data must be written to the
extra addresses.

3. Prepare the following data storage areasin RAM: A 128-byte programming data area, a 128-
byte reprogramming data area, and a 128-byte additional-programming data area. Perform
reprogramming data computation and additional programming data computation according to
figure 19.9.

4, Consecutively transfer 128 bytes of datain byte units from the reprogramming data area or
additional-programming data area to the flash memory. The program address and 128-byte
data are latched in the flash memory. The lower 8 bits of the start address in the flash memory
destination area must be H'00 or H'80.

5. Thetime during which the P1 bit is set to 1 isthe programming time. Figure 19.9 shows the
allowable programming times.

6. Thewatchdog timer (WDT) is set to prevent overprogramming due to program runaway, etc.
Set the overflow cycle to approximately 6.6 ms.

7. For adummy writeto averify address, write 1-byte data H'FF to an address whose lower 2
bits are B'00. Verify data can be read in longwords from the address to which adummy write
was performed.

8. The number of repetitions of the program/program-verify sequence for the same bit should be
less than 1,000.
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Notes: 1.

o > @n

~

Write pulse application subroutine Start of i —
ronly wite Puse ) Cmer) Do ot porcm adtonal rogramming
Apply Write Pulse START Do not perform additional programming

[ | on previously programmed addresses.
[ WDT enable |

Set SWE bit in FLMCR1
¥
Wait (tsswe) 1S *7
[ Set PSU bit in FLMCR1 ] I Spue |
Store 128-byte program data in program 4
[ Walit (tspsu) 1S |7 data area and reprogram data area
¥
n=1
[ Set P bit in FLMCR1 | start of programming [ 7 |
| -0 ]
[ Wait (tsp) s |57 ¥
| Write 128-byte data in RAM reprogram "
[ Cloar P bitin FLMORI | End of programming data area consecutively to flash memory
Sub-Routine-Call
[ Wait (tep) ps |7 | Apply Write pulse | see Note 6 for puise widtn

[ Set PV bit in FLMCR1 |

[ Clear PSU bit in FLMCR1 |

1]
Wait (tgpy) us *7
[ Wait (tcpsu) 1S |7 I fpv I
{ [ HFF dummy write to verity address |
| Disablo VT | ‘ — e —
T [ Wait (:iEv,) us |7
End Sub [ Read verlly data ] <2
Note 6 Wit Puls Wit [ncromentagoress ] —_
rite data =
Number of Writes n | Write Time (tsp) us verify data?
1 30*
2 30*
3 30*
4 30*
5 30 — -
g data
6 30" I T I
7 200 Transfer additional-programming data to
8 200 additional-programming data area 4
9 200 —
10 200 [ = dat tati ] e
T 00 eprogram data computation
12 200 [ Transfer reprogram data to reprogram data area__| *4
13 200
: . 128-byte
. . data verification completed?
998 200
999 200
1000 200 [ Clear PV bit in FLMCR1 |
N ¥ Reprogram
Note: * Use a 10 us write pulse for additional programming. I Wait (icpy) us | *7
RAM 0 =

Yes
Successively write 128-byte data from additional-
ing data area in RAM to flash memory
| Sub-Routine-Call
Reprogram data storage [[Apply Write Pulse (Additional programming) [|
area (128 bytes)

Program data storage
area (128 bytes)

1

Additional-programming

data storage area
(128 bytes) Yes Yos
[ Clear SWE bitin FLMCR1 ] [__Clear SWE bitin FLMCR1 |
L] i
Data transfer is performed by byte transfer. The lower 8 bits of the first address written to [ Wait (tcswe) us ] Wait (teswe) 1S ]+
must be H'00 or H'0. ¥
A 128-byte data transfer must be performed even if writing fewer than 128 bytes; in this case, End of programming
H'FF data must be written to the extra addresses.
Verify data is read in 16-bit (word) units.
Reprogram data is determined by the operation shown in the table below (comparison between the data stored in the program data area and the verify data). Bits for which the reprogram data is 0 are
programmed in the next reprogramming loop. Therefore, even bits for which programming has been completed will be subjected to programming once again if the result of the subsequent verify operation is NG.
. A 128-byte area for storing program data, a 128-byte area for storing reprogram data, and a 128-byte area for storing additional data must be provided in RAM.
The contents of the reprogram data area and additional data area are modified as programming proceeds.
Awrite pulse of 30 s or 200 s is applied according to the progress of the programming operation. See Note 6 for details of the pulse widths. When writing of additional-programming data is executed,
210 s write pulse should be applied. Reprogram data X' means reprogram data when the write pulse is applied.
The wait times and value of N are shown in 24.5, Flash Memory Characteristics.
Reprogram Data Computation Table t ing Data C: ion Table
Original Data Verify Data Reprogram Data c " Reprogram Data | Verify Data Additional- c
’ omments
(D) () omments : (V) Programming Data (Y)

0 0 1 Programming completed 0 0 0 Additional programming to be executed

0 1 0 Programming incomplete; reprogram 1 1 Additional programming not to be executed

1 0 1 1 0 1 Additional programming not to be executed

1 1 1 Still in erased state; no action 1 1 1 Additional programming not to be executed

Figure 19.9 Program/Program-Verify Flowchart
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19.82 Erase/Erase-Verify

When erasing flash memory, the erase/erase-verify flowchart shown in figure 19.10 should be
followed.

1
2.

Prewriting (setting erase block datato all 0s) is not necessary.

Erasing is performed in block units. Specify asingle block o be erased with the erase block
registers (EBR2 and EBR1). To erase multiple blocks, each block must be erased in turn.
The time during which the E bit is set to 1 is the flash memory erase time.

The watchdog timer (WDT) is set to prevent overerasing due to program runaway, etc. Set the
overflow cycle to approximately 19.8 ms.

For adummy write to a verify address, write 1-byte data H'FF to an address whose lower two
bits are B'00. Verify data can be read in longwords from the address to which a dummy write
was performed.

If the read datais not erased successfully, set erase mode again, and repeat the erase/erase-
verify sequence as before. Note that the number of repetitions of the erase/erase-verify
sequence should be less than 100.

19.8.3 Interrupt Handling when Programming/Erasing Flash Memory

All interrupts, including the NMI interrupt, should be disabled while flash memory is being
programmed, erased, or the boot program is being executed, for the following three reasons:

1

Interrupt during programming/erasing may cause a violation of the programming or erasing
algorithm, with the result that normal operation cannot be assured.

If interrupt exception handling starts before the vector address is written or during
programming/erasing, a correct vector cannot be fetched and the CPU malfunctions.

If an interrupt occurs during boot program execution, normal boot mode sequence cannot be
carried out.
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[ Set SWE bit in FLMCR1 |

¥

| Wait (tsswe) 1S | s

|

Y

-1 |
¥

[ Set EBR1 or EBR2
\
¥

[ n

3, %4

Enable WDT
¥
Set ESU bit in FLMCR1

¥
Wait (tsesu) 1S 5
¥

Set E bit in FLMCR1
v

Start of erase

Wait (tge) ms 5
v

| |
| |
| |
| |
| |
| Clear E bit in FLMCR1 | Erase halted
| ; |
| |
| |
| |
| |

*5

Wait (tce) us
v

Clear ESU bit in FLMCR1

5

¥
Wait (tgesu) us
¥

Disable WDT
¥
Set EV bit in FLMCR1

v
| Wait (tsev) us | 5 E’E

|Set block start address as verify addressl

|
Y

| H'FF dummy write to verify address |
¥

| Wait (tseyr) HS | *5
¥

Increment | Read verify data | 2
address
NG

Verify data = all 1s?
OK

Last address of block?

oK

[ Clear EV bit in FLMCR1 | s | Clear EV bit in FLMCR1 ES
¥

| Wait (tgey) MS | | Wait (tgey) US |

*5
nd of erasing of a » NG
erase blocks?
oK oK
[ Clear SWE bit in FLMCR1 |« | Clear SWE bit in FLMCR1 | =5
| Wait (togwe) HS | [ Wait (toswe) 1S |

End of erasing

Notes: 1. Prewriting (setting erase block data to all 0s) is not necessary.

2. Verify data is read in 16-bit (word) units.

3. Make only a single-bit specification in the erase block registers (EBR1 and EBR2). Two or more bits must not be set simultaneously.
4. Erasing is performed in block units. To erase multiple blocks, each block must be erased in turn.

5.

. The wait times and the value of N are shown in section 24.5, Flash Memory Characteristics.

Figure19.10 Erase/Erase-Verify Flowchart
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19.9 Program/Erase Protection

There are three kinds of flash memory program/erase protection; hardware protection, software
protection, and error protection.

19.9.1 Hardware Protection

Hardware protection refers to a state in which programming/erasing of flash memory isforcibly
disabled or aborted because of atransition to reset or standby mode. Flash memory control register
1 (FLMCR1), flash memory control register 2 (FLMCR?2), and erase block reglster 1(EBR1) are
initialized. In areset viathe RES pin, the reset state is not entered unless the RES pin is held low
until oscillation settles after powering on. In the case of areset during operation, hold the RES pin
low for the RES pulse width specified in the AC characteristics section.

19.9.2 Software Protection

Software protection can be implemented against programming/erasing of all flash memory blocks
by clearing the SWE hit in FLMCR1. When software protection isin effect, setting the P1 or E1
bit in FLMCR1 does not cause a transition to program mode or erase mode. By setting the erase
block register 1 (EBR1), erase protection can be set for individual blocks. When EBR1 is set to
H'00, erase protection is set for all blocks.

19.9.3 Error Protection

In error protection, an error is detected when CPU runaway occurs during flash memory
programming/erasing, or operation is not performed in accordance with the program/erase
algorithm, and the program/erase operation is aborted. Aborting the program/erase operation
prevents damage to the flash memory due to overprogramming or overerasing.

When the following errors are detected during programming/erasing of flash memory, the FLER
bitin FLMCR2 is set to 1, and the error protection state is entered.

e When the flash memory of the relevant address areais read during programming/erasing
(including vector read and instruction fetch)

e |Immediately after exception handling (excluding areset) during programming/erasing
e When a SLEEP instruction is executed during programming/erasing

The FLMCR2, FLMCR1, and EBRL settings are retained, however program mode or erase mode
is aborted at the point at which the error occurred. Program mode or erase mode cannot be re-
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entered by re-setting the P1 or E1 bit. However, PV1 and EV 1 bit setting is enabled, and a
transition can be made to verify mode. Error protection can be cleared only by a power-on reset.

19.10 Programmer Mode

In programmer mode, a PROM programmer can be used to perform programming/erasing viaa
socket adapter, just as for a discrete flash memory. Use a PROM programmer that supports the
Renesas 128-kbyte flash memory on-chip MCU device type (FZTAT128V5A).

19.11 Power-Down Statesfor Flash Memory
In user mode, the flash memory will operate in either of the following states:

e Normal operating mode

The flash memory can be read and written to.
e Standby mode

All flash memory circuits are halted.

Table 19.6 shows the correspondence between the operating modes of the H8S/2628 Group and
the flash memory. When the flash memory returnsto its normal operating state from standby
mode, a period to settle the power supply circuits that were stopped is needed. When the flash
memory returnsto its normal operating state, bits STS2 to STS0 in SBY CR must be set to provide
await time of at least 20 ps, even when the external clock is being used.

Table19.6 Flash Memory Operating States

LSI Operating State Flash Memory Operating State
Active mode Normal operating mode
Standby mode Standby mode
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Section 20 Mask ROM

Section 20 Mask ROM

This LSl has 128 kbytes of on-chip mask ROM. On-chip ROM is connected to the CPU via a 16-
bit data bus. Datain on-chip ROM can always be accessed by one state.

Internal data bus (upper 8 bits)

<

A

>

Internal data bus (lower 8 bits)

<

||

N

>

H'000000 H000001
H'000002 H'000003
H'O1FFFE HO1FFFF

Figure20.1 Block Diagram of 128-Kbyte Masked ROM
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20.1  Noteon Switching from F-ZTAT Version to Masked ROM Version

The masked ROM version does not have the internal registers for flash memory control that are
provided in the F-ZTAT version. Table 20.1 lists the registers that are present in the F-ZTAT
version but not in the masked ROM version. If aregister listed in table 20.1 is read in the masked
ROM version, an undefined value will be returned. Therefore, if application software devel oped
onthe F-ZTAT version is switched to amasked ROM version product, it must be modified to
ensure that the registersin table 20.1 have no effect.

Table20.1 Register Present in F-ZTAT Version but Absent in Masked ROM Version

Register Abbreviation Address
Flash memory control register 1 FLMCR1 H'FFA8
Flash memory control register 2 FLMCR2 H'FFA9
Erase block designate register 1 EBR1 H'FFAA
Erase block designate register 2 EBR2 H'FFAB
RAM emulation register RAMER H'FEDB
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Section 21 Clock Pulse Generator

This LS| has an on-chip clock pulse generator that generates the system clock (¢), the bus master
clock, and internal clocks. The clock pulse generator consists of an oscillator, PLL circuit, clock
selection circuit, medium-speed clock divider, and bus master clock selection circuit. A block
diagram of the clock pulse generator is shown in figure 21.1.

LPWRCR SCKCR
U STC1, STCO SCK2 to SCKO
EXTAL — Medi
Clock | | PLL circuit | sepeI:?-
oscillator (X1, x2, x4) o /32 t
XTAL —m Clock clock divider | @ o2 0 Bus
selection master
circuit clock
. _ | selection
o circuit
A
System clock Internal clock to Bus master clock
to ¢ pin peripheral modules to CPU and DTC
Legend:

LPWRCR: Low-power control register
SCKCR:  System clock control register

Figure21.1 Block Diagram of Clock Pulse Generator

The frequency can be changed by means of the PLL circuit. Frequency changes are performed by
software by settings in the low-power control register (LPWRCR) and system clock control
register (SCKCR).
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21.1  Register Descriptions

The on-chip clock pulse generator has the following registers. For the addresses of these registers
and information on the register states in different operating modes, see section 23, List of
Registers.

e System clock control register (SCKCR)
e Low-power control register (LPWRCR)
21.1.1  System Clock Control Register (SCKCR)

SCKCR performs ¢ clock output control, selection of operation when the PLL circuit frequency
multiplication factor is changed, and medium-speed mode control.

Bit Bit Name Initial Value R/W Description

7 PSTOP 0 R/W ¢ Clock Output Disable
Controls ¢ output.

High-speed Mode, Medium-Speed Mode
0: ¢ output

1: Fixed high

Sleep Mode

0: ¢ output

1: Fixed high

Software Standby Mode
0: Fixed high

1: Fixed high

Hardware Standby Mode
0: High impedance

1: High impedance

6 to AllO Reserved

These bits are always read as 0.
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Bit Bit Name

Initial Value

R/W

Description

3 STCS

0

R/W

Frequency Multiplication Factor Switching Mode
Select

Selects the operation when the PLL circuit
frequency multiplication factor is changed.

0: Specified multiplication factor is valid after
transition to software standby mode

1: Specified multiplication factor is valid
immediately after STC1 bit and STCO bit are
rewritten

2 SCK2
1 SCK1
0 SCKO

R/W
R/W
R/W

System Clock Select 2to 0

These bits select the bus master clock.
000: High-speed mode

001: Medium-speed clock is ¢/2

010: Medium-speed clock is ¢/4

011: Medium-speed clock is ¢/8

100: Medium-speed clock is ¢/16

101: Medium-speed clock is ¢/32

11x: Setting prohibited

Legend:
x: Don't care
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21.1.2  Low-Power Control Register (LPWRCR)

Bit Bit Name Initial Value R/W Description
7t0 — All 0 — Reserved
4 The write value should always be 0.
3,2 — AllO R/W Reserved
These bits can be read from and write to, but
should not be set to 1.
STC1 0 R/W Frequency Multiplication Factor
STCO 0 R/W The STC bits specify the frequency multiplication

factor of the PLL circuit.
00: x1

01: x2

10: x4

11: Setting prohibited
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21.2 Ogscillator

Clock pulses can be supplied by connecting a crystal resonator, or by input of an external clock. In
either case, the input clock should not exceed 24 MHz.

21.21 Connecting a Crystal Resonator

Circuit Configuration: A crystal resonator can be connected as shown in the example in figure
21.2. Select the damping resistance R, according to table 21.1. An AT-cut parallel-resonance
crystal should be used.

Cpua
EXTAL |——1—] |—T’
—1
XTAL  —M—1—1

Ry Cpo C1=C»=22t010pF

Figure21.2 Connection of Crystal Resonator (Example)

Table21.1 Damping Resistance Value

Frequency (MHz) 4 8 10 12 16 20 24
R, (©) 500 200 0 0 0 0 0

Figure 21.3 shows the equivalent circuit of the crystal resonator. Use a crystal resonator that has
the characteristics shown in table 21.2.

CL

A

L Rs
XTAL — EXTAL

AT-cut parallel-resonance type

Figure21.3 Crystal Resonator Equivalent Cir cuit
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Table21.2 Crystal Resonator Characteristics

Frequency (MHz) 4 8 10 12 16 20 24
R, max () 120 80 70 60 50 40 30
C, max (pF) 7 7 7 7 7 7 7

21.2.2  External Clock Input

Circuit Configuration: An external clock signal can be input as shown in the examplesin figure
21.4. If the XTAL pinisleft open, ensure that stray capacitance does not exceed 10 pF. When
complementary clock isinput to the XTAL pin, the external clock input should be fixed high in
standby mode.

EXTAL | | | | | | External clock input

XTAL Open

(a) XTAL pin left open

EXTAL | | | | | | External clock input
XTAL j

(b) Complementary clock input at XTAL pin

Figure21.4 External Clock Input (Examples)
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Table 21.3 shows the input conditions for the external clock.

Table21.3 External Clock Input Conditions

V. =5.0V+10%

Item Symbol Min Max Unit Test Conditions
External clock input low  t_, 15 — ns Figure 21.5
pulse width
External clock input high  t_, 15 — ns
pulse width
External clock rise time  t_ — 5 ns
External clock fall time te — 5 ns
tEXH . tExL

Figure21.5 External Clock Input Timing
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21.3 PLL Circuit

The PLL circuit multiplies the frequency of the clock from the oscillator by afactor of 1, 2, or 4.
The multiplication factor is set by the STCO bit and the STC1 bit in LPWRCR. The phase of the
rising edge of the internal clock is controlled so as to match that at the EXTAL pin.

When the multiplication factor of the PLL circuit is changed, the operation varies according to the
setting of the STCS bit in SCKCR.

When STCS = 0, the setting becomes valid after atransition to software standby mode. The
transition time count is performed in accordance with the setting of bits STS2 to STS0 in SBY CR.
For detailson SBY CR, refer to section 22.1.1, Standby Control Register (SBY CR).

Theinitial PLL circuit multiplication factor is 1.

STS2 to STSO are set to give the specified transition time.

Thetarget valueis set in STC1 and STCO, and atransition is made to software standby mode.
The clock pulse generator stops and the value set in STC1 and STCO becomes valid.
Software standby mode is cleared, and a transition time is secured in accordance with the
setting in STS2 to STSO.

6. After the set transition time has elapsed, this LS| resumes operation using the target
multiplication factor.

o wbdhpE

If aPC break is set for the SLEEP instruction, software standby mode is entered and break
exception handling is executed after the oscillation settling time. In this case, the instruction
following the SLEEP instruction is executed after execution of the RTE instruction. When STCS =
1, thisL S| operates on the changed multiplication factor immediately after bits STC1 and STCO
are rewritten.

21.4  Medium-Speed Clock Divider

The medium-speed clock divider divides the system clock to generate ¢/2, ¢/4, ¢/8, $/16, and
$/32.

215 BusMaster Clock Selection Circuit

The bus master clock selection circuit selects the clock supplied to the bus master by setting the
bits SCK2 to SCKO0 in SCKCR. The bus master clock can be selected from high-speed mode, or
medium-speed clocks (¢/2, ¢/4, $/8, $/16, §/32).
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216  Usage Notes

21.6.1 Noteon Crystal Resonator

As various characteristics related to the crystal resonator are closely linked to the user’ s board
design, thorough evaluation is necessary on the user’s part, using the resonator connection
examples shown in this section as a guide. As the resonator circuit ratings will depend on the
floating capacitance of the resonator and the mounting circuit, the ratings should be determined in
consultation with the resonator manufacturer. The design must ensure that a voltage exceeding the
maximum rating is not applied to the oscillator pin.

21.6.2 Noteon Board Design

When designing the board, place the crystal resonator and itsload capacitors as close as possible
tothe XTAL and EXTAL pins. Other signal lines should be routed away from the oscillator
circuit, as shown in figure 21.6. Thisisto prevent induction from interfering with correct
oscillation.

Avoid Signal A Signal B
L This LS|
'7-—|I : : XTAL
1 |
=
(- : EXTAL
Cu1 |

Figure21.6 Noteon Board Design of Oscillator Cir cuit

Figure 21.7 shows external circuitry recommended to be provided around the PLL circuit. Place
oscillation settling capacitor C1 and resistor R1 close to the PLLCAP pin, and ensure that no other
signal lines cross this line. Separate PLLV ss from the other Ve, Vcc and Vsslines at the board
power supply source, and be sure to insert bypass capacitors CB close to the pins.
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PLLCAP

R1 =3 kQ C1 =470 pF
11

J‘CB=OlpF* == CB=0.1uF J‘
T - T T

Note: * CB is laminated ceramic.

77

(Values are preliminary recommended values.)

Figure21.7 External Circuitry Recommended for PLL Circuit
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Section 22 Power-Down Modes

In addition to the normal program execution state, this LS| has five power-down modesin which
operation of the CPU and oscillator is halted and power consumption is reduced. L ow-power
operation can be achieved by individually controlling the CPU, on-chip peripheral modules, and
so on.

This LSI’s operating modes are as follows:

High-speed mode

M edium-speed mode
Sleep mode

Module stop mode
Software standby mode
Hardware standby mode

o 0k~ wbdPE

2. to 6. are power-down modes. Sleep mode isa CPU state, medium-speed mode isa CPU and bus
master state, and module stop mode is an internal peripheral function (including bus masters other
than the CPU) state. Some of these states can be combined.

After areset, the LSl isin high-speed mode.

Figure 22.1 shows possible transitions between modes. Table 22.1 shows the conditions of
transition made by the SLEEP instruction and recovery from power-down mode by an interrupt.
Table 22.2 shows the internal statesin each mode.
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Program-halted state

Hardware
standby mode

Reset state -
STBY pin = High,
RES pin = Low

SSBY =0

Sleep mode
(main clock)

High-speed mode

(main clock)

SCK2 to SCK2 to
SCKO =0 SCKO#0

Software

Medium-speed standby mode

mode
(main clock)

— : Transition after exception processing C) : Low power dissipation mode

Notes: * NMI and IRQ5 to IRQO
« When a transition is made between modes by means of an interrupt, the transition cannot be
made on interrupt source generation alone. Ensure that interrupt handling is performed after
accepting the interrupt request.
» From any state except hardware standby mode, a transition to the reset state occurs when RES
is driven low.
» From any state, a transition to hardware standby mode occurs when STBY is driven low.

Figure22.1 Mode Transition Diagram

Table22.1 Low Power Consumption Mode Transition Conditions

Status of Control

. " State after Transition State after Transition Back
Bit at Transition

Pre-Transition Invoked by SLEEP from Low Power Mode
State SSBY Command Invoked by Interrupt
High-speed/ 0 Sleep High-speed/Medium-speed
Medium-speed 1 Software standby High-speed/Medium-speed
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Table22.2 LSl Internal Statesin Each Mode

Medium- Module Software Hardware
Function High-Speed Speed Sleep Stop Standby Standby
System clock pulse Operate Operate Operate Operate Halted Halted
generator
CPU Instructions  Operate Medium- Halted High/ Halted Halted
Registers speed (retained) medium- (retained) (undefined)
operation speed
operation
External NMI Operate Operate Operate Operate Operate Halted
interrupts IRQ5 to IRQO
Peripheral PBC Operate Medium- Operate Halted Halted Halted
functions bTe speed (retained) (retained) (reset)
operation
1/0 Operate Operate Operate Operate Retained High
impedance
TPU Operate Operate Operate Halted Halted Halted
W (retained) (retained) (reset)
PPG
WDT Operate Operate Operate Operate Halted Halted
(retained) (reset)
SClI Operate Operate Operate Halted” Halted Halted
HCAN (reset/ (reset) (reset)
retained)
A/D
RAM Operate Medium- Operate Operate Retained Retained
speed (DTC)
operation
SSuU Operate Operate Operate Halted Halted Halted
(reset) (reset) (reset)

Notes: Halted (retained) means that internal register values are retained. The internal state is in the

operation suspended state.

Halted (reset) means that internal register values and internal states are initialized.
In module stop mode, only modules for which a stop setting has been made are halted

(reset or retained).

* The SCI's TDR, RDR, and SSR are halted (reset), and the other registers are halted

(retained).
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221 Register Descriptions

Registers related to the power down mode are shown below. For the addresses of these registers
and information on the register states in different operating modes, see section 23, List of
Registers. For details on the system clock control register (SCKCR), refer to section 21.1.1,

System Clock Control Register (SCKCR).

e System clock control register (SCKCR)
e Standby control register (SBY CR)

e Module stop control register A (MSTPCRA)
e Module stop control register B (MSTPCRB)
e Module stop control register C (MSTPCRC)

2211  Standby Control Register (SBYCR)

SBY CR is an 8-bit readable/writable register that performs software standby mode control.

Bit Bit Name Initial Value R/W

Description

7 SSBY 0 R/W

Software Standby

This bit specifies the transition mode after
executing the SLEEP instruction

0: Shifts to sleep mode when the SLEEP
instruction is executed

1: Shifts to software standby mode when the
SLEEP instruction is executed

This bit does not change when clearing the
software standby mode by using external interrupts
and shifting to normal operation. This bit should be
written with 0 when clearing.
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Bit

Bit Name

Initial Value

R/W

Description

STS2
STS1
STSO

R/W
R/W
R/W

Standby Timer Select 2to 0

These bits select the MCU wait time for clock
settling when software standby mode is cancelled
by an external interrupt. With a crystal oscillator
(table 22.3), select a wait time of 8 ms (oscillation
settling time) or more, depending on the operating
frequency. With an external clock, select a wait
time of 2 ms or more.

000: Standby time = 8,192 states
001: Standby time = 16,384 states
010: Standby time = 32,768 states
011: Standby time = 65,536 states
100: Standby time = 131,072 states
101: Standby time = 262,144 states
110: Reserved

111: Standby time = 16 states

R/W

Reserved
The write value should always be 0.

All 0

Reserved

These bits are always read as 0 and cannot be
modified.
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22.1.2 Module Stop Control RegistersA to C (MSTPCRA to MSTPCRC)

MSTPCR is comprised of three 8-bit readable/writable registers, and performs module stop mode
control. Setting a bit to 1 causes the corresponding module to enter module stop mode. Clearing
the bit to O clears the module stop mode.

e MSTPCRA

Bit Bit Name Initial Value R/W Module

7 MSTPAT" 0 RIW

6 MSTPAG 0 R/W Data transfer controller (DTC)

5 MSTPAS 1 R/W 16-bit timer pulse unit (TPU)

4 MSTPA4 1 R/W  8-bittimer (TMR_1, TMR_0)

3 MSTPA3 1 R/W Programmable pulse generator (PPG)
2 MSTPA2" 1 RIW

1 MSTPA1 1 R/W A/D converter

0 MSTPAO 1 R/W  8-bittimer (TMR_3, TMR_2)

e MSTPCRB

Bit Bit Name Initial Value R/W Module

7 MSTPB7 1 R/W Serial communication interface 0 (SCI0)
6 MSTPB6* 1 RIW

5 MSTPB5 1 R/W Serial communication interface 2 (SCI2)
4 MSTPB4* 1 R/IW

3 MSTPB3* 1 RIW

2 MSTPB2* 1 RIW

1 MSTPB1* 1 RIW

0 MSTPBO* 1 RIW
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e MSTPCRC

Bit Bit Name Initial Value R/W Module

7 MSTPCT7* 1 RIW

6 MSTPC6" 1 RIW

5 MSTPC5* 1 R/W

4 MSTPC4 1 R/W PC break controller (PBC)

3 MSTPC3 1 R/W Controller area network (HCAN)

2 MSTPC2 1 R/W Synchronous serial communication unit (SSU)

1 MSTPC1* 1 RIW

0 MSTPCO* 1 R/W

Note: * MSTPAT7 is a readable/writable bit with an initial value of 0. The write value should
always be 0.

MSTPA2, MSTPB6, MSTPB4 to MSTPBO, MSTPC7 to MSTPC5, MSTPC1, and
MSTPCO are readable/writable bits with an initial value of 1. The write value should
always be 1.

22.2 Medium-Speed Mode

When the SCK2 to SCKO hitsin SCKCR are set to 1, the operating mode changes to medium-
speed mode as soon as the current bus cycle ends. In medium-speed mode, the CPU operates on
the operating clock (¢/2, §/4, $/8, ¢/16, or $/32) specified by the SCK2 to SCKO bits. Bus masters
(DTC) other than the CPU also operate in medium-speed mode. On-chip peripheral modules other
than bus masters always operate on the high-speed clock (¢).

In medium-speed mode, a bus accessis executed in the specified number of states with respect to
the bus master operating clock. For example, if ¢/4 is selected as the operating clock, on-chip
memory isaccessed in 4 states, and internal 1/0 registersin 8 states.

Medium-speed mode is cleared by clearing all of bits SCK2 to SCKO0 to 0. A transition is made to
high-speed mode and medium-speed mode is cleared at the end of the current bus cycle.

If a SLEEP instruction is executed when the SSBY bit in SBY CR iscleared to O, atransition is
made to sleep mode. When sleep mode is cleared by an interrupt, medium-speed mode is restored.

When the SLEEP instruction is executed with the SSBY bit = 1, operation shifts to the software
standby mode. When software standby mode is cleared by an external interrupt, medium-speed
mode is restored.
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When the RES pinis set low and medium-speed mode is cancelled, operation shifts to the reset
state. The same appliesin the case of areset caused by overflow of the watchdog timer.

When the STBY pinisdriven low, atransition is made to hardware standby mode.

Figure 22.2 shows the timing for transition to and clearance of medium-speed mode.

Medium-speed mode

o

peripheral module clock | | | | | | | | | | | | | | | | | | | | | | | |
Bus master clock | | | | | | | | | | | | | | | |
Internal address bus ( SCKCR X X X SCKCR X:X:)

Internal write signal | | | |

Figure22.2 Medium-Speed Maode Transition and Clearance Timing
22.3 Sleep Mode

2231 Transition to Sleep Mode

If SLEEP instruction is executed when the SBY CR SSBY bit = 0, the CPU enters the sleep mode.
In sleep mode, CPU operation stops, however the contents of the CPU’ sinternal registers are
retained. Other peripheral modules do not stop.

22.3.2 Clearing Sleep Mode
Sleep mode is cleared by any interrupt, or signals at the RES, or STBY pins.

e Exiting Sleep Mode by Interrupts:
When an interrupt occurs, sleep modeis exited and interrupt exception processing starts. Sleep
mode is not exited if the interrupt is disabled, or if interrupts other than NMI are masked by the
CPU.

e Exiting Sleep Mode by RES pin:
Setting the RES pin low level selects the reset state. After the stipulated reset input duration,
driving the RES pin high level restart the CPU performing reset exception processing.
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e EXxiting Sleep Mode by STBY Pin;
When the STBY pin level isdriven low, atransition is made to hardware standby mode.

224  Software Standby Mode

2241 Transition to Software Standby Mode

A transition is made to software standby mode if the SLEEP instruction is executed when the
SBYCR SSBY bit isset to 1. In this mode, the CPU, on-chip peripheral modules, and oscillator,
all stop. However, the contents of the CPU’ sinternal registers, on-chip RAM data, and the states
of on-chip peripheral modules other than the SCI, SSU, HCAN, A/D converter, and the states of
1/O ports, are retained. In this mode, the oscillator stops, and therefore power consumption is
significantly reduced.

2242 Clearing Software Standby M ode

Software standby mode is cleared by an external interrupt (NMI pin, or pins IRQ5 to IRQO), or by
means of the RES pin or STBY pin.

e Clearing with an interrupt
When an NMI or IRQ5 to IRQO interrupt request signal is input, clock oscillation starts, and
after thetime set in bits STS2 to STS0 in SBY CR has elapsed, stable clocks are supplied to the
entire chip, software standby mode is cleared, and interrupt exception handling is started.
When clearing software standby mode with an IRQ5 to IRQO interrupt, set the corresponding
enable bit to 1 and ensure that no interrupt with a higher priority than interrupts IRQ5 to IRQO
is generated. Software standby mode cannot be cleared if the interrupt has been masked on the
CPU side or has been designated asa DTC activation source.

e Clearing with the RES pin
When the RES pin is driven low, clock oscillation is started. At the same time as clock
oscillation starts, clocks are supplied to the entire chip. Note that the RES pin must be held low
until clock oscillation settles. When the RES pin goes high, the CPU begins reset exception
handling.

e Clearing with the STBY pin
When the STBY pin isdriven low, atransition is made to hardware standby mode.
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2243  Setting Oscillation Stabilization Time after Clearing Softwar e Standby M ode
Bits STS2 to STS0 in SBY CR should be set as described below.

e Using aCrystal Oscillator:
Set bits STS2 to STSO so that the standby timeis at least 8 ms (the oscillation settling time).

Table 22.3 shows the standby times for different operating frequencies and settings of bits
STS2 to STS0.

e Using an External Clock

The PLL circuit requires atime for settling. Set bits STS2 to STS0 so that the standby timeis
at least 2 ms(the oscillation settling time).

Table22.3 Oscillation Stabilization Time Settings

24 20 16 12 10
STS2 STS1 STSO Standby Time MHz MHz MHz MHz MHz 8 MHz6 MHz4 MHzUnit

0 0 0 8,192 states 0.34 041 051 068 08 10 13 20 ms

1 16,384 states 0.68 0.82 1.0 13 16 20 27 41
1 0 32,768 states 14 16 20 27 33 41 55 82
1 65,536 states 2.7 33 41 55 66 82 109 164
1 0 0 131,072 states 55 6.6 82 109 13.1 16.4 21.8 32.8
1 262,144 states 10.9 13.1 16.4 218 26.2 328 43.6 65.6
1 0 Reserved _ = = = = = = = =
1 16 states” 07 08 10 13 16 20 17 40 ps

: Recommended time setting
Note: * Cannot be used in this LSI.
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2244  Software Standby Mode Application Example

Figure 22.3 shows an example in which atransition is made to software standby mode at the
falling edge on the NMI pin, and software standby mode is cleared at the rising edge on the NMI

pin.

In this example, an NMI interrupt is accepted with the NMIEG bit in SYSCR cleared to O (falling
edge specification), then the NMIEG bit is set to 1 (rising edge specification), the SSBY bit is set
to 1, and a SLEEP instruction is executed, causing a transition to software standby mode.

Software standby mode is then cleared at the rising edge on the NMI pin.

Oscillator””””””l B

 TUUUUU “
NMI i .
))

UL

{(

NMIEG | K

{(

SSBY I Y

NMI exception Software standby mode

handling (power-down mode)
NMIEG = 1
SSBY =1

SLEEP instruction

|
Oscillation
stabilization
time tosc)

NMI exception
handling

Figure22.3 Software Standby Mode Application Example
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225 Hardware Standby Mode

2251 Transtion to Hardware Standby M ode
When the STBY pinisdriven low, atransition is made to hardware standby mode from any mode.

In hardware standby mode, all functions enter the reset state and stop operation, resulting in a
significant reduction in power consumption. As long as the prescribed voltage is supplied, on-chip
RAM datais retained. 1/O ports are set to the high-impedance state.

In order to retain on-chip RAM data, the RAME bit in SY SCR should be cleared to 0 before
driving the STBY pin low.

Do not change the state of the mode pins (MD2 to MDQ) while this LSl isin hardware standby
mode.

225.2 Clearing Hardware Standby Mode

Hardware standby mode is cleared by means of the STBY pin and the RES pin. When the STBY
pin is driven high while the RES pin is low, the reset state is set and clock oscillation is started.
Ensure that the RES pin is held low until the clock oscillator settles (at least 8 ms—the oscillation
settling time—when using a crystal oscillator). When the RES pin is subsequently driven high, a
transition is made to the program execution state via the reset exception handling state.

2253 Hardware Standby Mode Timings
Timing of Transition to Hardware Standby Mode

1. Toretain RAM contents with the RAME bit set to 1 in SYSCR

Drive the RES signal low at least 10 states before the STBY signal goes low, as shown in
figure 22.4. After STBY has gone low, RES hasto wait for at least 0 ns before becoming high.

STBY
t1 210 teye t,20ns

fes N -

Figure22.4 Timing of Transition to Hardwar e Standby Mode
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2. Toretain RAM contents with the RAME bit cleared to 0 in SY SCR, or when RAM contents
do not need to be retained

RES does not have to be driven low as in the above case.
Timing of Recovery from Hardware Standby Mode

Drive the RES signal low approximately 100 ns or more before STBY goes high to execute a
power-on reset.

STBY
t>100 ns tosc1
|

Fes NV

Figure22.5 Timing of Recovery from Hardware Standby Mode

22.6  Module Stop Mode
Module stop mode can be set for individual on-chip peripheral modules.

When the corresponding MSTP hit in MSTPCR is set to 1, module operation stops at the end of
the bus cycle and a transition is made to module stop mode. The CPU continues operating
independently.

When the corresponding MSTP hit is cleared to 0, module stop mode is cleared and the module
starts operating at the end of the bus cycle. In module stop mode, the internal states of modules
other than the SCI*, HCAN, and A/D converter are retained.

After reset clearance, all modules other than DTC are in module stop mode.

When an on-chip peripheral module isin module stop mode, read/write accessto itsregistersis
disabled.

Note: * Theinternal states of some SCI registers are retained.
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22.7 ¢ Clock Output Disabling Function

The output of the ¢ clock can be controlled by means of the PSTOP hit in SCKCR, and DDR for
the corresponding port. When the PSTOP bit is set to 1, the ¢ clock stops at the end of the bus
cycle, and ¢ output goes high. ¢ clock output is enabled when the PSTOP bit is cleared to 0. When
DDR for the corresponding port is cleared to 0, ¢ clock output is disabled and input port mode is
set. Table 22.4 shows the state of the ¢ pin in each processing state.

Table22.4 ¢ Pin Statein Each Processing State

Register Settings

Software Hardware
DDR PSTOP Normal Mode Sleep Mode Standby Mode  Standby Mode
X High impedance High impedance High impedance High impedance
0 ¢ output ¢ output Fixed high High impedance
Fixed high Fixed high Fixed high High impedance
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228  Usage Notes

22.8.1 |/O Port Status

In software standby mode, 1/O port states are retained. Therefore, thereis no reduction in current
consumption for the output current when a high-level signal is outpuit.

22.8.2 Current Consumption during Oscillation Stabilization Wait Period

Current consumption increases during the oscillation settling wait period.

22.83 DTC Module Stop

Depending on the operating status of the DTC, MSTPAG bit may not be set to 1. Setting of the
DTC module stop mode should be carried out only when the respective module is not activated.

For details, refer to section 8, Data Transfer Controller (DTC).

22.84  On-Chip Peripheral Module Interrupt

Relevant interrupt operations cannot be performed in module stop mode. Consequently, if module
stop mode is entered when an interrupt has been requested, it will not be possible to clear the CPU
interrupt source or the DTC activation source.

Interrupts should therefore be disabled before entering module stop mode.

22.85 Writingto MSTPCR

MSTPCR should only be written to by the CPU.
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Section 23 List of Registers

The register list gives information on the on-chip 1/O register addresses, how the register bits are
configured, and the register states in each operating mode. The information is given as shown
below.

1. Register addresses (address order)

e Registers are listed from the lower allocation addresses.

e When the addressis 16-bit wide, the address of the upper byteisgivenin thelist.
e Registers are classified by functional modules.

e Theaccesssizeisindicated.

2. Register hits
e Bit configurations of the registers are described in the same order as the register addresses.
e Reserved hits are indicated by — in the bit name column.

e Bit number in the bit-name column indicates that the whole register is allocated as a counter or
for holding data.

e When registers consist of 16 hits, bits are described from the MSB side.

3. Register statesin each operating mode
e Register states are described in the same order as the register addresses.

e Theregister states described here are for the basic operating modes. If there is a specific reset
for an on-chip peripheral module, refer to the section on that on-chip peripheral module.
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23.1 Register Addresses (Address Order)

The data-bus width column indicates the number of bits. The access-state column shows the
number of states of the selected basic clock that isrequired for access to the register.

Number Data Access
Register Name Abbreviation of Bits Address® Module Width State
Master control register MCR 8 H'F800 HCAN 16 4
General status register GSR 8 H'F801 HCAN 16 4
Bit configuration register BCR 16 H'F802 HCAN 16 4
Mailbox configuration register MBCR 16 H'F804 HCAN 16 4
Transmit wait register TXPR 16 H'F806 HCAN 16 4
Transmit wait cancel register TXCR 16 H'F808 HCAN 16 4
Transmit acknowledge register TXACK 16 H'F80A HCAN 16 4
Abort acknowledge register ABACK 16 H'F80C HCAN 16 4
Receive complete register RXPR 16 H'F80E HCAN 16 4
Remote request register RFPR 16 H'F810 HCAN 16 4
Interrupt register IRR 16 H'F812 HCAN 16 4
Mailbox interrupt mask register MBIMR 16 H'F814 HCAN 16 4
Interrupt mask register IMR 16 H'F816 HCAN 16 4
Receive error counter REC H'F818 HCAN 16 4
Transmit error counter TEC H'F819 HCAN 16 4
Unread message status register ~ UMSR 16 H'F81A  HCAN 16 4
Local acceptance filter mask L LAFML 16 H'F81C HCAN 16 4
Local acceptance filter mask H LAFMH 16 H'F81E HCAN 16 4
Message control O[1] MCO[1] 8 H'F820 HCAN 16 4
Message control 0[2] MCOJ[2] 8 H'F821 HCAN 16 4
Message control 0[3] MCO[3] 8 H'F822 HCAN 16 4
Message control 0[4] MCO[4] 8 H'F823 HCAN 16 4
Message control O[5] MCOI[5] 8 H'F824 HCAN 16 4
Message control 0[6] MCO[6] 8 H'F825 HCAN 16 4
Message control 0[7] MCO[7] 8 H'F826 HCAN 16 4
Message control 0[8] MCOI[8] 8 H'F827 HCAN 16 4
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Number Data Access
Register Name Abbreviation of Bits Address® Module Width State
Message control 1[1] MC1[1] 8 H'F828 HCAN 16 4
Message control 1[2] MC1[2] 8 H'F829 HCAN 16 4
Message control 1[3] MC1[3] 8 H'F82A HCAN 16 4
Message control 1[4] MC1[4] 8 H'F82B HCAN 16 4
Message control 1[5] MC1[5] 8 H'F82C  HCAN 16 4
Message control 1[6] MC1[6] 8 H'F82D HCAN 16 4
Message control 1[7] MC1[7] 8 H'F82E HCAN 16 4
Message control 1[8] MC1[8] 8 H'F82F HCAN 16 4
Message control 2[1] MC2[1] 8 H'F830 HCAN 16 4
Message control 2[2] MC2[2] 8 H'F831 HCAN 16 4
Message control 2[3] MC2[3] 8 H'F832 HCAN 16 4
Message control 2[4] MC2[4] 8 H'F833 HCAN 16 4
Message control 2[5] MC2[5] 8 H'F834 HCAN 16 4
Message control 2[6] MC2[6] 8 H'F835 HCAN 16 4
Message control 2[7] MC2[7] 8 H'F836 HCAN 16 4
Message control 2[8] MC2[8] 8 H'F837 HCAN 16 4
Message control 3[1] MC3J[1] 8 H'F838 HCAN 16 4
Message control 3[2] MC3[2] 8 H'F839 HCAN 16 4
Message control 3[3] MC3J[3] 8 H'F83A HCAN 16 4
Message control 3[4] MC3[4] 8 H'F83B HCAN 16 4
Message control 3[5] MC3I[5] 8 H'F83C HCAN 16 4
Message control 3[6] MC3][6] 8 H'F83D  HCAN 16 4
Message control 3[7] MC3[7] 8 H'F83E HCAN 16 4
Message control 3[8] MC3J[8] 8 H'F83F HCAN 16 4
Message control 4[1] MC4[1] 8 H'F840 HCAN 16 4
Message control 4[2] MC4[2] 8 H'F841 HCAN 16 4
Message control 4[3] MC4[3] 8 H'F842 HCAN 16 4
Message control 4[4] MCA4[4] 8 H'F843 HCAN 16 4
Message control 4[5] MC4[5] 8 H'F844 HCAN 16 4
Message control 4[6] MCA4([6] 8 H'F845 HCAN 16 4
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Number Data Access
Register Name Abbreviation of Bits Address® Module Width State
Message control 4[7] MCA4([7] 8 H'F846 HCAN 16 4
Message control 4[8] MCA4[8] 8 H'F847 HCAN 16 4
Message control 5[1] MC5[1] 8 H'F848 HCAN 16 4
Message control 5[2] MC5[2] 8 H'F849 HCAN 16 4
Message control 5[3] MC5][3] 8 H'F84A HCAN 16 4
Message control 5[4] MC5[4] 8 H'F84B HCAN 16 4
Message control 5[5] MC5I[5] 8 H'F84C HCAN 16 4
Message control 5[6] MC5]6] 8 H'F84D  HCAN 16 4
Message control 5[7] MC5([7] 8 H'F84E HCAN 16 4
Message control 5[8] MC5]8] 8 H'F84F HCAN 16 4
Message control 6[1] MC6[1] 8 H'F850 HCAN 16 4
Message control 6[2] MC6][2] 8 H'F851 HCAN 16 4
Message control 6[3] MC6[3] 8 H'F852 HCAN 16 4
Message control 6[4] MC6[4] 8 H'F853 HCAN 16 4
Message control 6[5] MC6]5] 8 H'F854 HCAN 16 4
Message control 6[6] MC6(6] 8 H'F855 HCAN 16 4
Message control 6[7] MC6([7] 8 H'F856 HCAN 16 4
Message control 6[8] MC6([8] 8 H'F857 HCAN 16 4
Message control 7[1] MC7[1] 8 H'F858 HCAN 16 4
Message control 7[2] MC7[2] 8 H'F859 HCAN 16 4
Message control 7[3] MC7[3] 8 H'F85A HCAN 16 4
Message control 7[4] MC7[4] 8 H'F85B HCAN 16 4
Message control 7[5] MC7[5] 8 H'F85C HCAN 16 4
Message control 7[6] MC7[6] 8 H'F85D  HCAN 16 4
Message control 7[7] MC7[7] 8 H'F85E HCAN 16 4
Message control 7[8] MC7[8] 8 H'F85F HCAN 16 4
Message control 8[1] MCS8J1] 8 H'F860 HCAN 16 4
Message control 8[2] MC8|[2] 8 H'F861 HCAN 16 4
Message control 8[3] MCS8J[3] 8 H'F862 HCAN 16 4
Message control 8[4] MC8[4] 8 H'F863 HCAN 16 4
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Number Data Access
Register Name Abbreviation of Bits Address® Module Width State
Message control 8[5] MCS8I5] 8 H'F864 HCAN 16 4
Message control 8[6] MC8|6] 8 H'F865 HCAN 16 4
Message control 8[7] MC8J[7] 8 H'F866 HCAN 16 4
Message control 8[8] MCS8J[8] 8 H'F867 HCAN 16 4
Message control 9[1] MC9[1] 8 H'F868 HCAN 16 4
Message control 9[2] MC9[2] 8 H'F869 HCAN 16 4
Message control 9[3] MC9J[3] 8 H'F86A HCAN 16 4
Message control 9[4] MC9[4] 8 H'F86B HCAN 16 4
Message control 9[5] MC9I[5] 8 H'F86C HCAN 16 4
Message control 9[6] MC9[6] 8 H'F86D  HCAN 16 4
Message control 9[7] MC9[7] 8 H'F86E HCAN 16 4
Message control 9[8] MC9I[8] 8 H'F86F HCAN 16 4
Message control 10[1] MC10[1] 8 H'F870 HCAN 16 4
Message control 10[2] MC10[2] 8 H'F871 HCAN 16 4
Message control 10[3] MC10[3] 8 H'F872 HCAN 16 4
Message control 10[4] MC10[4] 8 H'F873 HCAN 16 4
Message control 10[5] MC10[5] 8 H'F874 HCAN 16 4
Message control 10[6] MC10[6] 8 H'F875 HCAN 16 4
Message control 10[7] MC10[7] 8 H'F876 HCAN 16 4
Message control 10[8] MC10[8] 8 H'F877 HCAN 16 4
Message control 11[1] MC11[1] 8 H'F878 HCAN 16 4
Message control 11[2] MC11[2] 8 H'F879 HCAN 16 4
Message control 11[3] MC11[3] 8 H'F87A HCAN 16 4
Message control 11[4] MC11[4] 8 H'F87B HCAN 16 4
Message control 11[5] MC11[5] 8 H'F87C  HCAN 16 4
Message control 11[6] MC11[6] 8 H'F87D HCAN 16 4
Message control 11[7] MC11[7] 8 H'F87E HCAN 16 4
Message control 11[8] MC11[8] 8 H'F87F HCAN 16 4
Message control 12[1] MC12[1] 8 H'F880 HCAN 16 4
Message control 12[2] MC12[2] 8 H'F881 HCAN 16 4

Rev. 4.00 Mar. 16, 2010 Page 529 of 606

RENESAS

REJ09B0155-0400



Section 23 List of Registers

Number Data Access
Register Name Abbreviation of Bits Address® Module Width State
Message control 12[3] MC12[3] 8 H'F882 HCAN 16 4
Message control 12[4] MC12[4] 8 H'F883 HCAN 16 4
Message control 12[5] MC12[5] 8 H'F884 HCAN 16 4
Message control 12[6] MC12[6] 8 H'F885 HCAN 16 4
Message control 12[7] MC12[7] 8 H'F886 HCAN 16 4
Message control 12[8] MC12[8] 8 H'F887 HCAN 16 4
Message control 13[1] MC13[1] 8 H'F888 HCAN 16 4
Message control 13[2] MC13[2] 8 H'F889 HCAN 16 4
Message control 13[3] MC13[3] 8 H'F88A HCAN 16 4
Message control 13[4] MC13[4] 8 H'F88B HCAN 16 4
Message control 13[5] MC13[5] 8 H'F88C HCAN 16 4
Message control 13[6] MC13[6] 8 H'F88D  HCAN 16 4
Message control 13[7] MC13[7] 8 H'F88E HCAN 16 4
Message control 13[8] MC13[8] 8 H'F88F HCAN 16 4
Message control 14[1] MC14[1] 8 H'F890 HCAN 16 4
Message control 14[2] MC14[2] 8 H'F891 HCAN 16 4
Message control 14[3] MC14[3] 8 H'F892 HCAN 16 4
Message control 14[4] MC14[4] 8 H'F893 HCAN 16 4
Message control 14[5] MC14[5] 8 H'F894 HCAN 16 4
Message control 14[6] MC14[6] 8 H'F895 HCAN 16 4
Message control 14[7] MC14[7] 8 H'F896 HCAN 16 4
Message control 14[8] MC14[8] 8 H'F897 HCAN 16 4
Message control 15[1] MC15[1] 8 H'F898 HCAN 16 4
Message control 15[2] MC15[2] 8 H'F899 HCAN 16 4
Message control 15[3] MC15[3] 8 H'F89A HCAN 16 4
Message control 15[4] MC15[4] 8 H'F89B HCAN 16 4
Message control 15[5] MC15[5] 8 H'F89C  HCAN 16 4
Message control 15[6] MC15[6] 8 H'F89D HCAN 16 4
Message control 15[7] MC15[7] 8 H'F89E HCAN 16 4
Message control 15[8] MC15[8] 8 H'F89F HCAN 16 4
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Message data O[1] MDO[1] 8 H'F8BO HCAN 16 4
Message data 0[2] MDOI[2] 8 H'F8B1 HCAN 16 4
Message data 0[3] MDO[3] 8 H'F8B2 HCAN 16 4
Message data 0[4] MDO[4] 8 H'F8B3 HCAN 16 4
Message data 0[5] MDOI5] 8 H'F8B4 HCAN 16 4
Message data 0[6] MDO[6] 8 H'F8B5 HCAN 16 4
Message data 0[7] MDO[7] 8 H'F8B6 HCAN 16 4
Message data 0[8] MDOI[8] 8 H'F8B7 HCAN 16 4
Message data 1[1] MD1[1] 8 H'F8B8 HCAN 16 4
Message data 1[2] MD1[2] 8 H'F8B9 HCAN 16 4
Message data 1[3] MD1[3] 8 H'F8BA  HCAN 16 4
Message data 1[4] MD1[4] 8 H'F8BB HCAN 16 4
Message data 1[5] MD1[5] 8 H'F8BC HCAN 16 4
Message data 1[6] MD1[6] 8 H'F8BD HCAN 16 4
Message data 1[7] MD1[7] 8 HF8BE HCAN 16 4
Message data 1[8] MD1[8] 8 H'F8BF HCAN 16 4
Message data 2[1] MD2[1] 8 H'F8CO  HCAN 16 4
Message data 2[2] MD2[2] 8 H'F8C1 HCAN 16 4
Message data 2[3] MD2[3] 8 H'F8C2 HCAN 16 4
Message data 2[4] MD2[4] 8 H'F8C3  HCAN 16 4
Message data 2[5] MD2[5] 8 H'F8C4 HCAN 16 4
Message data 2[6] MD2[6] 8 H'F8C5  HCAN 16 4
Message data 2[7] MD2[7] 8 H'F8C6 HCAN 16 4
Message data 2[8] MD2[8] 8 H'F8C7 HCAN 16 4
Message data 3[1] MD3J[1] 8 H'F8C8  HCAN 16 4
Message data 3[2] MD3J[2] 8 H'F8C9 HCAN 16 4
Message data 3[3] MD3J[3] 8 H'F8BCA  HCAN 16 4
Message data 3[4] MD3[4] 8 H'F8CB  HCAN 16 4
Message data 3[5] MD3J[5] 8 H'F8CC HCAN 16 4
Message data 3[6] MD3[6] 8 H'F8CD HCAN 16 4
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Message data 3[7] MD3[7] 8 H'F8CE HCAN 16 4
Message data 3[8] MD3J[8] 8 H'F8CF  HCAN 16 4
Message data 4[1] MD4[1] 8 H'F8DO  HCAN 16 4
Message data 4[2] MD4[2] 8 H'F8D1 HCAN 16 4
Message data 4[3] MD4([3] 8 H'F8D2  HCAN 16 4
Message data 4[4] MDA4[4] 8 H'F8D3 HCAN 16 4
Message data 4[5] MDA4([5] 8 H'F8D4 HCAN 16 4
Message data 4[6] MDA4[6] 8 H'F8D5 HCAN 16 4
Message data 4[7] MDA4([7] 8 H'F8D6 HCAN 16 4
Message data 4[8] MD4[8] 8 H'F8D7 HCAN 16 4
Message data 5[1] MD5[1] 8 H'F8D8 HCAN 16 4
Message data 5[2] MD5][2] 8 H'F8D9  HCAN 16 4
Message data 5[3] MD5][3] 8 H'F8DA  HCAN 16 4
Message data 5[4] MD5[4] 8 H'F8DB  HCAN 16 4
Message data 5[5] MD5I[5] 8 H'F8DC HCAN 16 4
Message data 5[6] MD5(6] 8 H'F8DD  HCAN 16 4
Message data 5[7] MD5[7] 8 H'F8BDE  HCAN 16 4
Message data 5[8] MD5(8] 8 H'F8DF  HCAN 16 4
Message data 6[1] MD6([1] 8 H'F8EO HCAN 16 4
Message data 6[2] MD6][2] 8 H'F8E1 HCAN 16 4
Message data 6[3] MD6(3] 8 H'F8E2 HCAN 16 4
Message data 6[4] MD6[4] 8 H'F8E3 HCAN 16 4
Message data 6[5] MD6(5] 8 H'F8E4 HCAN 16 4
Message data 6[6] MD6[6] 8 H'F8ES HCAN 16 4
Message data 6[7] MD6[7] 8 H'F8E6 HCAN 16 4
Message data 6[8] MD6(8] 8 H'F8E7 HCAN 16 4
Message data 7[1] MD7[1] 8 H'F8ES8 HCAN 16 4
Message data 7[2] MD7[2] 8 H'F8E9 HCAN 16 4
Message data 7[3] MD7[3] 8 H'F8BEA HCAN 16 4
Message data 7[4] MD7[4] 8 H'F8EB HCAN 16 4
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Message data 7[5] MD7[5] 8 H'FBEC HCAN 16 4
Message data 7[6] MD7[6] 8 H'F8ED  HCAN 16 4
Message data 7[7] MD7[7] 8 HF8EE HCAN 16 4
Message data 7[8] MD7[8] 8 H'FSEF HCAN 16 4
Message data 8[1] MD8J1] 8 H'F8FO0 HCAN 16 4
Message data 8[2] MD8[2] 8 H'F8F1  HCAN 16 4
Message data 8[3] MD8[3] 8 H'F8F2 HCAN 16 4
Message data 8[4] MD8[4] 8 H'F8F3 HCAN 16 4
Message data 8[5] MDS8[5] 8 H'F8F4 HCAN 16 4
Message data 8[6] MD8J6] 8 H'F8F5 HCAN 16 4
Message data 8[7] MD8[7] 8 H'F8F6  HCAN 16 4
Message data 8[8] MD8J8] 8 H'F8F7 HCAN 16 4
Message data 9[1] MD9[1] 8 H'F8F8 HCAN 16 4
Message data 9[2] MD9[2] 8 H'F8F9 HCAN 16 4
Message data 9[3] MD9[3] 8 H'F8FA  HCAN 16 4
Message data 9[4] MD9[4] 8 H'F8FB  HCAN 16 4
Message data 9[5] MD9I5] 8 H'F8BFC  HCAN 16 4
Message data 9[6] MD9[6] 8 H'F8FD HCAN 16 4
Message data 9[7] MD9[7] 8 H'FSFE HCAN 16 4
Message data 9[8] MD9[8] 8 H'F8FF HCAN 16 4
Message data 10[1] MD10[1] 8 H'F900 HCAN 16 4
Message data 10[2] MD10[2] 8 H'Fo01 HCAN 16 4
Message data 10[3] MD10[3] 8 H'F902 HCAN 16 4
Message data 10[4] MD10[4] 8 H'F903 HCAN 16 4
Message data 10[5] MD10[5] 8 H'F904 HCAN 16 4
Message data 10[6] MD10[6] 8 H'F905 HCAN 16 4
Message data 10[7] MD10[7] 8 H'F906 HCAN 16 4
Message data 10[8] MD10[8] 8 H'F907 HCAN 16 4
Message data 11[1] MD11[1] 8 H'F908 HCAN 16 4
Message data 11[2] MD11[2] 8 H'F909 HCAN 16 4
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Message data 11[3] MD11[3] 8 H'F90A HCAN 16 4
Message data 11[4] MD11[4] 8 H'F90B  HCAN 16 4
Message data 11[5] MD11[5] 8 H'F90C  HCAN 16 4
Message data 11[6] MD11[6] 8 H'F90D HCAN 16 4
Message data 11[7] MD11[7] 8 H'FO0E HCAN 16 4
Message data 11[8] MD11[8] 8 H'F90OF  HCAN 16 4
Message data 12[1] MD12[1] 8 H'F910 HCAN 16 4
Message data 12[2] MD12[2] 8 H'F911 HCAN 16 4
Message data 12[3] MD12[3] 8 H'F912 HCAN 16 4
Message data 12[4] MD12[4] 8 H'F913 HCAN 16 4
Message data 12[5] MD12[5] 8 H'F914 HCAN 16 4
Message data 12[6] MD12[6] 8 H'F915 HCAN 16 4
Message data 12[7] MD12[7] 8 H'F916 HCAN 16 4
Message data 12[8] MD12[8] 8 H'F917 HCAN 16 4
Message data 13[1] MD13[1] 8 H'F918 HCAN 16 4
Message data 13[2] MD13[2] 8 H'F919  HCAN 16 4
Message data 13[3] MD13[3] 8 H'F91A HCAN 16 4
Message data 13[4] MD13[4] 8 H'F91B HCAN 16 4
Message data 13[5] MD13[5] 8 H'F91C HCAN 16 4
Message data 13[6] MD13[6] 8 H'F91D  HCAN 16 4
Message data 13[7] MD13[7] 8 H'FI91E HCAN 16 4
Message data 13[8] MD13[8] 8 H'FO1F HCAN 16 4
Message data 14[1] MD14[1] 8 H'F920 HCAN 16 4
Message data 14[2] MD14[2] 8 H'F921 HCAN 16 4
Message data 14[3] MD14[3] 8 H'F922 HCAN 16 4
Message data 14[4] MD14[4] 8 H'F923 HCAN 16 4
Message data 14[5] MD14[5] 8 H'F924 HCAN 16 4
Message data 14[6] MD14[6] 8 H'F925 HCAN 16 4
Message data 14[7] MD14[7] 8 H'F926 HCAN 16 4
Message data 14[8] MD14[8] 8 H'F927 HCAN 16 4
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Message data 15[1] MD15[1] 8 H'F928 HCAN 16 4
Message data 15[2] MD15[2] 8 H'F929 HCAN 16 4
Message data 15[3] MD15[3] 8 H'F92A HCAN 16 4
Message data 15[4] MD15[4] 8 H'F92B HCAN 16 4
Message data 15[5] MD15[5] 8 H'F92C  HCAN 16 4
Message data 15[6] MD15[6] 8 H'F92D HCAN 16 4
Message data 15[7] MD15[7] 8 H'F92E HCAN 16 4
Message data 15[8] MD15[8] 8 H'F92F HCAN 16 4
HCAN monitor register HCANMON 8 H'FAOO HCAN 16 4
SS control register H_0 SSCRH_0 8 H'FBOO SSU 0 16 3
SS control register L_0 SSCRL_O 8 H'FBO1 SSU_0 16 3
SS mode register_0 SSMR_0 8 H'FB02 SSU 0 16 3
SS enable register_0 SSER_O 8 H'FBO3 SSU 0 16 3
SS status register_0 SSSR_0 8 H'FBO4 SSU 0 16 3
SS transmit data register 0_0 SSTDRO 0 8 H'FB06 SSU 0 16 3
SS transmit data register 1_0 SSTDR1_0 8 H'FBO7 SSU_0 16 3
SS transmit data register 2_0 SSTDR2_ 0 8 H'FB08 SSU 0 16 3
SS transmit data register 3_0 SSTDR3_0 8 H'FB09 SSU_0 16 3
SS receive data register 0_0 SSRDRO_O0 8 HFBOA SSU_O0 16 3
SS receive data register 1_0 SSRDR1 0 8 HFBOB SSU 0 16 3
SS receive data register 2_0 SSRDR2_0 8 HFBOC SSU_0 16 3
SS receive data register 3_0 SSRDR3 0 8 HFBOD SSU 0 16 3
SS control register H_1 SSCRH_1 8 H'FB10 SSU_1 16 3
SS control register L_1 SSCRL_1 8 HFB11 SSU_1 16 3
SS mode register_1 SSMR_1 8 H'FB12 SSU_1 16 3
SS enable register_1 SSER_1 8 H'FB13 SSU_1 16 3
SS status register_1 SSSR_1 8 H'FB14 SSU_1 16 3
SS transmit data register 0_1 SSTDRO_1 8 H'FB16 SSU_1 16 3
SS transmit data register 1_1 SSTDR1 1 8 H'FB17 SSU_1 16 3
SS transmit data register 2_1 SSTDR2_1 8 H'FB18 SSU_1 16 3
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SS transmit data register 3_1 SSTDR3_1 8 H'FB19 SSU_1 16 3
SS receive data register 0_1 SSRDRO_1 8 HFB1A SSU_1 16 3
SS receive data register 1_1 SSRDR1 1 8 HFB1B SSU_ 1 16 3
SS receive data register 2_1 SSRDR2_1 8 HFB1C SSU_1 16 3
SS receive data register 3_1 SSRDR3_1 8 HFB1ID SSU_1 16 3
Port D realtime input data register PDRTIDR 8 H'FB40 PORT 16 3
Timer control register_2 TCR_2 8 HFDCO TMR_2 8 2
Timer control register_3 TCR_3 8 HFDC1 TMR_3 8 2
Timer control/status register_2 TCSR_2 8 HFDC2 TMR_2 8 2
Timer control/status register_3 TCSR_3 8 HFDC3 TMR_3 8 2
Timer constant register A_2 TCORA_2 8 HFDC4 TMR_2 8 2
Timer constant register A_3 TCORA_3 8 HFDC5 TMR_3 8 2
Timer constant register B_2 TCORB_2 8 HFDC6 TMR_2 8 2
Timer constant register B_3 TCORB_3 8 HFDC7 TMR_3 8 2
Timer counter_2 TCNT_2 8 HFDC8 TMR_2 8 2
Timer counter_3 TCNT_3 8 HFDC9 TMR_3 8 2
Standby control register SBYCR 8 H'FDE4 SYSTEM 8 2
System control register SYSCR 8 H'FDE5 SYSTEM 8 2
System clock control register SCKCR 8 H'FDE6 SYSTEM 8 2
Mode control register MDCR 8 H'FDE7 SYSTEM 8 2
Module stop control register A MSTPCRA 8 H'FDE8 SYSTEM 8 2
Module stop control register B MSTPCRB 8 H'FDE9 SYSTEM 8 2
Module stop control register C MSTPCRC 8 H'FDEA SYSTEM 8 2
Low-power control register LPWRCR 8 H'FDEC SYSTEM 8 2
Break address register A BARA 32 H'FEQO PBC 32 2
Break address register B BARB 32 H'FEO4 PBC 32 2
Break control register A BCRA 8 H'FEO8 PBC 8 2
Break control register B BCRB 8 H'FEO9 PBC 8 2
IRQ sense control register H ISCRH 8 H'FE12 INT 8 2
IRQ sense control register L ISCRL 8 H'FE13 INT 8 2
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IRQ enable register IER 8 H'FE14 INT 8 2
IRQ status register ISR 8 H'FE15 INT 8 2
DTC enable register A DTCERA 8 H'FE16 DTC 8 2
DTC enable register B DTCERB 8 H'FE17 DTC 8 2
DTC enable register C DTCERC 8 H'FE18 DTC 8 2
DTC enable register D DTCERD 8 H'FE19 DTC 8 2
DTC enable register E DTCERE 8 H'FE1A DTC 8 2
DTC enable register F DTCERF 8 H'FE1B DTC 8 2
DTC enable register G DTCERG 8 H'FE1C DTC 8 2
DTC vector register DTVECR 8 H'FEL1F DTC 8 2
PPG output control register PCR 8 H'FE26 PPG 8 2
PPG output mode register PMR 8 H'FE27 PPG 8 2
Next data enable register H NDERH 8 H'FE28 PPG 8 2
Next data enable register L NDERL 8 H'FE29 PPG 8 2
Output data register H PODRH 8 H'FE2A  PPG 8 2
Output data register L PODRL 8 HFE2B PPG 8 2
Next data register H NDRH 8 H'FE2C PPG 8 2
Next data register L NDRL 8 HFE2D PPG 8 2
Next data register H NDRH 8 H'FE2E PPG 8 2
Next data register L NDRL 8 H'FE2F PPG 8 2
Port 1 data direction register P1DDR 8 H'FE30 PORT 8 2
Port 3 data direction register P3DDR 8 H'FE32 PORT 8 2
Port 7 data direction register P7DDR 8 H'FE36 PORT 8 2
Port A data direction register PADDR 8 H'FE39 PORT 8 2
Port B data direction register PBDDR 8 HFE3A PORT 8 2
Port C data direction register PCDDR 8 HFE3B PORT 8 2
Port D data direction register PDDDR 8 HFE3C PORT 8 2
Port F data direction register PFDDR 8 HFE3E PORT 8 2
Port A pull-up MOS control register PAPCR 8 H'FE40 PORT 8 2
Port B pull-up MOS control register PBPCR 8 H'FE41 PORT 8 2
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Port C pull-up MOS control register PCPCR 8 H'FE42 PORT 8 2
Port D pull-up MOS control register PDPCR 8 H'FE43 PORT 8 2
Port 3 open drain control register P30ODR 8 H'FE46 PORT 8 2
Port A open drain control register PAODR 8 H'FE47 PORT 8 2
Port B open drain control register PBODR 8 H'FE48 PORT 8 2
Port C open drain control register PCODR 8 H'FE49 PORT 8 2
Timer control register_3 TCR_3 8 HFE80 TPU_3 16 2
Timer mode register_3 TMDR_3 8 HFE8L TPU_ 3 16 2
Timer I/O control register H_3 TIORH_3 8 H'FE82 TPU_3 16 2
Timer 1/O control register L_3 TIORL_3 8 HFE83 TPU_ 3 16 2
Timer interrupt enable register_3  TIER_3 8 HFE84 TPU_3 16 2
Timer status register_3 TSR_3 8 HFE8S TPU_ 3 16 2
Timer counter H_3 TCNTH_3 8 H'FE86 TPU_ 3 16 2
Timer counter L_3 TCNTL_3 8 H'FE87 TPU_3 16 2
Timer general register AH_3 TGRAH_3 8 H'FE88 TPU_ 3 16 2
Timer general register AL_3 TGRAL_3 8 HFE89 TPU_3 16 2
Timer general register BH_3 TGRBH_3 8 HFEBA TPU_ 3 16 2
Timer general register BL_3 TGRBL_3 8 HFE8B TPU_3 16 2
Timer general register CH_3 TGRCH_3 8 HFE8BC TPU_3 16 2
Timer general register CL_3 TGRCL_3 8 HFEBD TPU_ 3 16 2
Timer general register DH_3 TGRDH_3 8 HFESBE TPU_3 16 2
Timer general register DL_3 TGRDL_3 8 HFE8BF TPU_ 3 16 2
Timer control register_4 TCR_4 8 H'FE9O TPU_ 4 16 2
Timer mode register_4 TMDR_4 8 HFE91 TPU 4 16 2
Timer 1/O control register_4 TIOR_4 8 HFE92 TPU 4 16 2
Timer interrupt enable register_4 TIER_4 8 H'FE94 TPU_ 4 16 2
Timer status register_4 TSR _4 8 HFE9S TPU 4 16 2
Timer counter H_4 TCNTH_4 8 H'FE96 TPU_ 4 16 2
Timer counter L_4 TCNTL_4 8 H'FE97 TPU 4 16 2
Timer general register AH_4 TGRAH_4 8 H'FE98 TPU 4 16 2
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Timer general register AL_4 TGRAL_4 8 HFE99 TPU 4 16 2
Timer general register BH_4 TGRBH_4 8 HFES9A TPU_ 4 16 2
Timer general register BL_4 TGRBL_4 8 HFE9B TPU 4 16 2
Timer control register_5 TCR_5 8 HFEAO TPU_ 5 16 2
Timer mode register_5 TMDR_5 8 HFEA1L TPU 5 16 2
Timer I/O control register_5 TIOR_5 8 HFEA2 TPU_5 16 2
Timer interrupt enable register 5 TIER_5 8 HFEA4 TPU 5 16 2
Timer status register_5 TSR 5 8 HFEA5 TPU 5 16 2
Timer counter H_5 TCNTH_5 8 HFEA6 TPU_5 16 2
Timer counter L_5 TCNTL_5 8 H'FEA7 TPU 5 16 2
Timer general register AH_5 TGRAH_5 8 HFEA8 TPU 5 16 2
Timer general register AL_5 TGRAL_5 8 HFEA9 TPU 5 16 2
Timer general register BH_5 TGRBH_5 8 HFEAA TPU 5 16 2
Timer general register BL_5 TGRBL_5 8 HFEAB TPU_ 5 16 2
Timer start register TSTR 8 H'FEBO TPU 16 2
common
Timer synchro register TSYR 8 HFEB1 TPU 16 2
common
Interrupt priority register A IPRA 8 H'FECO INT 8 2
Interrupt priority register B IPRB 8 H'FEC1 INT 8 2
Interrupt priority register C IPRC 8 H'FEC2 INT 8 2
Interrupt priority register D IPRD 8 H'FEC3 INT 8 2
Interrupt priority register E IPRE 8 H'FEC4 INT 8 2
Interrupt priority register F IPRF 8 H'FEC5 INT 8 2
Interrupt priority register G IPRG 8 H'FEC6  INT 8 2
Interrupt priority register H IPRH 8 H'FEC7 INT 8 2
Interrupt priority register J IPRJ 8 H'FEC9 INT 8 2
Interrupt priority register K IPRK 8 H'FECA INT 8 2
Interrupt priority register M IPRM 8 H'FECC INT 8 2
RAM emulation register RAMER 8 H'FEDB ROM 8 2
Port 1 data register P1DR 8 H'FF00 PORT 8 2
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Port 3 data register P3DR 8 H'FF02 PORT 8 2
Port 7 data register P7DR 8 H'FF06 PORT 8 2
Port A data register PADR 8 H'FF09 PORT 8 2
Port B data register PBDR 8 H'FFOA  PORT 8 2
Port C data register PCDR 8 HFFOB PORT 8 2
Port D data register PDDR 8 H'FFOC PORT 8 2
Port F data register PFDR 8 H'FFOE PORT 8 2
Timer control register_0 TCR_O 8 H'FF10 TPU 0 16 2
Timer mode register_0 TMDR_O 8 H'FF11 TPU_O 16 2
Timer 1/O control register H_0 TIORH_O 8 H'FF12 TPU 0 16 2
Timer I/O control register L_0 TIORL_O 8 H'FF13 TPU_O 16 2
Timer interrupt enable register 0 TIER_O 8 H'FF14 TPU 0 16 2
Timer status register_0 TSR_0 8 H'FF15 TPU 0 16 2
Timer counter H_O TCNTH_O 8 H'FF16 TPU_O 16 2
Timer counter L_0O TCNTL_O 8 H'FF17 TPU O 16 2
Timer general register AH_0 TGRAH_O 8 H'FF18 TPU_O 16 2
Timer general register AL_0O TGRAL_O 8 H'FF19 TPU 0 16 2
Timer general register BH_0O TGRBH_O 8 HFF1A TPU O 16 2
Timer general register BL_0O TGRBL_O 8 HFF1B TPU O 16 2
Timer general register CH_0 TGRCH_O 8 HFF1C TPU O 16 2
Timer general register CL_0 TGRCL_O 8 HFF1ID TPU O 16 2
Timer general register DH_0 TGRDH_O 8 HFF1IE TPU O 16 2
Timer general register DL_0 TGRDL_O 8 HFF1F TPU_ O 16 2
Timer control register_1 TCR_1 8 H'FF20 TPU_ 1 16 2
Timer mode register_1 TMDR_1 8 H'FF21 TPU_ 1 16 2
Timer I/O control register_1 TIOR_1 8 H'FF22 TPU_1 16 2
Timer interrupt enable register_1 TIER_1 8 H'FF24 TPU_1 16 2
Timer status register_1 TSR_1 8 H'FF25 TPU_1 16 2
Timer counter H_1 TCNTH_1 8 H'FF26 TPU_ 1 16 2
Timer counter L_1 TCNTL_1 8 H'FF27 TPU_1 16 2
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Number Data Access
Register Name Abbreviation of Bits Address® Module Width State
Timer general register AH_1 TGRAH_1 8 H'FF28 TPU_1 16 2
Timer general register AL_1 TGRAL_1 8 H'FF29 TPU_1 16 2
Timer general register BH_1 TGRBH_1 8 HFF2A TPU_1 16 2
Timer general register BL_1 TGRBL_1 8 HFF2B TPU_1 16 2
Timer control register_2 TCR_2 8 H'FF30 TPU 2 16 2
Timer mode register_2 TMDR_2 8 H'FF31 TPU_2 16 2
Timer I/O control register_2 TIOR_2 8 H'FF32 TPU_2 16 2
Timer interrupt enable register 2 TIER_2 8 H'FF34 TPU 2 16 2
Timer status register_2 TSR_2 8 H'FF35 TPU_2 16 2
Timer counterH_2 TCNTH_2 8 H'FF36 TPU 2 16 2
Timer counter L_2 TCNTL_2 8 H'FF37 TPU_2 16 2
Timer general register AH_2 TGRAH_2 8 H'FF38 TPU 2 16 2
Timer general register AL_2 TGRAL_2 8 H'FF39 TPU 2 16 2
Timer general register BH_2 TGRBH_2 8 HFF3A TPU_ 2 16 2
Timer general register BL_2 TGRBL_2 8 HFF3B TPU 2 16 2
Timer control register_0 TCR_O 8 H'FF68 TMR_O 8 2
Timer control register_1 TCR_1 8 H'FF69 TMR_1 8 2
Timer control/status register_0 TCSR_0 8 HFF6A TMR_O 8 2
Timer control/status register_1 TCSR_1 8 HFF6B TMR_1 8 2
Time constant register A_0 TCORA O 8 HFF6C TMR_O0O 8 2
Time constant register A_1 TCORA_1 8 HFF6D TMR_1 8 2
Time constant register B_0 TCORB_0 8 HFF6E TMR_O0 8 2
Time constant register B_1 TCORB_1 8 HFF6F TMR_1 8 2
Timer counter_0 TCNT_O 8 H'FF70 TMR_O0 8 2
Timer counter_1 TCNT_1 8 H'FF71 TMR_1 8 2
Timer control/status register_0 TCSR_O 8 H'FF74 WDT_0 16 2
Timer counter_0 TCNT_O 8 H'FF75 WDT_0 16 2
Reset control/status register RSTCSR 8 H'FF77 WDT 16 2
Serial mode register_0 SMR_0 8 H'FF78 SCIL.0O 8 2
Bit rate register_0 BRR_O 8 H'FF79 SCI.O 8 2

Rev. 4.00 Mar. 16,2010 Page 541 of 606
REJ09B0155-0400
RENESAS



Section 23 List of Registers

Number Data Access
Register Name Abbreviation of Bits Address® Module Width State
Serial control register_0 SCR_O 8 HFF7A SCILO 8 2
Transmit data register_0 TDR_O 8 HFF7B SCI_LO 8 2
Serial status register_0 SSR_0 8 HFF7C SCILO 8 2
Receive data register_0 RDR_0O 8 HFF7D SCI_LO 8 2
Smart card mode register_0 SCMR_0 8 HFF7E SCI.O 8 2
Serial mode register_2 SMR_2 8 H'FF88 SCl_2 8 2
Bit rate register_2 BRR_2 8 H'FF89 SCl_.2 8 2
Serial control register_2 SCR_2 8 HFF8A SClL.2 8 2
Transmit data register_2 TDR_2 8 HFF8B SCI_2 8 2
Serial status register_2 SSR_2 8 HFF8C SClL.2 8 2
Receive data register_2 RDR_2 8 HFF8D SCI_2 8 2
Smart card mode register_2 SCMR_2 8 HFFBE SCI.2 8 2
A/D data register AH ADDRAH 8 H'FF90 A/D 8 2
A/D data register AL ADDRAL 8 H'FF91 A/D 8 2
A/D data register BH ADDRBH 8 H'FF92 A/D 8 2
A/D data register BL ADDRBL 8 H'FF93 A/D 8 2
A/D data register CH ADDRCH 8 H'FF94 A/D 8 2
A/D data register CL ADDRCL 8 H'FF95 A/D 8 2
A/D data register DH ADDRDH 8 H'FF96 A/D 8 2
A/D data register DL ADDRDL 8 H'FF97 A/D 8 2
A/D control/status register ADCSR 8 H'FF98 A/D 8 2
A/D control register ADCR 8 H'FF99 A/D 8 2
Flash memory control register 1 FLMCR1 8 H'FFA8 ROM 8 2
Flash memory control register 2 FLMCR2 8 H'FFA9 ROM 8 2
Erase block register 1 EBR1 8 HFFAA ROM 8 2
Erase block register 2 EBR2 8 HFFAB ROM 8 2
Port 1 register PORT1 8 H'FFBO PORT 8 2
Port 3 register PORT3 8 H'FFB2 PORT 8 2
Port 4 register PORT4 8 H'FFB3 PORT 8 2
Port 7 register PORT7 8 H'FFB6 PORT 8 2
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Number Data Access
Register Name Abbreviation of Bits Address® Module Width State
Port 9 register PORT9 8 H'FFB8 PORT 8 2
Port A register PORTA 8 H'FFB9 PORT 8 2
Port B register PORTB 8 H'FFBA  PORT 8 2
Port C register PORTC 8 H'FFBB  PORT 8 2
Port D register PORTD 8 HFFBC PORT 8 2
Port F register PORTF 8 H'FFBE PORT 8 2

Note: * Lower 16 bits of the address.
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23.2  Register Bits

The bit names of the registersin the on-chip peripheral modules are listed below. The 16-bit
register isindicated in two rows, 8 bits for each row.

Abbrevia-

tion Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Module
MCR MCR7 — MCR5 — — MCR2 MCR1 MCRO HCAN
GSR — — — — GSR3 GSR2 GSR1 GSRO

BCR BCR7 BCR6 BCR5 BCR4 BCR3 BCR2 BCR1 BCRO
BCR15 BCR14 BCR13 BCR12 BCR11 BCR10 BCR9 BCRS8

MBCR MBCR7 MBCR6 MBCR5 MBCR4 MBCR3 MBCR2 MBCR1 —
MBCR15 MBCR14 MBCR13 MBCR12 MBCR11 MBCR10 MBCR9 MBCRS8
TXPR TXPR7 TXPR6 TXPR5 TXPR4 TXPR3 TXPR2 TXPR1 —
TXPR15 TXPR14 TXPR13 TXPR12 TXPR11 TXPR10 TXPR9 TXPRS8
TXCR TXCR7 TXCR6 TXCR5 TXCR4 TXCR3 TXCR2 TXCR1 —
TXCR15 TXCR14 TXCR13 TXCR12 TXCR11 TXCR10 TXCR9 TXCR8
TXACK  TXACK7 TXACK6 TXACKS5 TXACK4 TXACK3 TXACK2 TXACK1L —

TXACK15 TXACK14 TXACK13 TXACK12 TXACK1l1l TXACK10 TXACK9 TXACK8

ABACK ABACK7 ABACK6 ABACKS5 ABACK4 ABACK3 ABACK2 ABACKl1 —

ABACK15 ABACK14 ABACK13 ABACK12 ABACK11l ABACK10 ABACK9 ABACK8
RXPR RXPR7 RXPR6 RXPR5 RXPR4 RXPR3 RXPR2 RXPR1 RXPRO
RXPR15 RXPR14 RXPR13 RXPR12 RXPR11l RXPR10 RXPR9 RXPRS8

RFPR RFPR7 RFPR6 RFPR5 RFPR4 RFPR3 RFPR2 RFPR1 RFPRO
RFPR15 RFPR14 RFPR13 RFPR12 RFPR11 RFPR10 RFPR9 RFPRS8
IRR IRR7 IRR6 IRR5 IRR4 IRR3 IRR2 IRR1 IRRO

_ — — IRR12 — — IRR9 IRR8

MBIMR  MBIMR7 MBIMR6 MBIMR5 MBIMR4 MBIMR3 MBIMR2 MBIMR1 MBIMRO
MBIMR15 MBIMR14 MBIMR13 MBIMR12 MBIMR11 MBIMR10 MBIMR9 MBIMRS8

IMR IMR7 IMR6 IMRS5 IMR4 IMR3 IMR2 IMR1 —
— — — IMR12 — — IMR9 IMR8

REC Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0

TEC Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
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Abbrevia-
tion Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
UMSR UMSR7 UMSR6 UMSR5 UMSR4 UMSR3 UMSR2 UMSR1 UMSRO HCAN
UMSR15 UMSR14 UMSR13 UMSR12 UMSR11 UMSR10 UMSR9 UMSRS
LAFML  LAFML7 LAFML6 LAFML5 LAFML4 LAFML3 LAFML2 LAFML1 LAFMLO
LAFML15 LAFML14 LAFML13 LAFML12 LAFML11 LAFML10 LAFML9 LAFMLS8
LAFMH  LAFMH7 LAFMH6 LAFMH5 — — — LAFMH1 LAFMHO
LAFMH15 LAFMH14 LAFMH13 LAFMH12 LAFMH11 LAFMH10 LAFMH9 LAFMHS8
MCO[1] — — — — DLC3 DLC2 DLC1 DLCO
MCO[2] — — — — — — — —
MCO[3] — — — — — — — —
MCO[4] — — — — — — — —
MCO[5]  ID-20 ID-19 ID-18  RTR IDE — ID-17 ID-16
MCo[6] ID-28 ID-27 ID-26 ID-25 ID-24 ID-23 ID-22 ID-21
MCO[7]  ID-7 ID-6 ID-5 ID-4 ID-3 ID-2 ID-1 ID-0
MCO[8]  ID-15 ID-14  ID-13  ID-12 ID-11 ID-10  ID-9 ID-8
MC1[1] — — — — DLC3 DLC2 DLC1 DLCO
MC1[2] — — — — — — — —
MC1[3] — — — — — — — —
MC1[4] — — — — — — _ _
MC1[5] ID-20 ID-19 ID-18 RTR IDE - ID-17 ID-16
MC1[6] ID-28 ID-27 ID-26 ID-25 ID-24 ID-23 ID-22 ID-21
MC1[7] ID-7 ID-6 ID-5 ID-4 ID-3 ID-2 ID-1 ID-0
MC1[8] ID-15 ID-14 ID-13 ID-12 ID-11 ID-10 ID-9 ID-8
MC2[1] — — — — DLC3 DLC2 DLC1 DLCO
MC2[2] — — — — — — — —
MC2[3] — — — — — — — —
MC2[4] — — — — — — — —
MC2[5] ID-20 ID-19 ID-18 RTR IDE — ID-17 ID-16
MC2[6] ID-28 ID-27 ID-26  ID-25 ID-24  ID-23  ID-22 ID-21
MC2[7]  ID-7 ID-6 ID-5 ID-4 ID-3 ID-2 ID-1 ID-0
MC2[8] ID-15 ID-14  ID-13  ID-12 ID-11 ID-10  ID-9 ID-8
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Abbrevia-

tion Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
MC3[1] — — — — DLC3 DLC2 DLC1 DLCO HCAN
MC3[2] — — — — — — — —
MC3[3] — — — — — — — —
MC3[4] — — — — — — — —
MC3[5] ID-20 ID-19 ID-18 RTR IDE — ID-17 ID-16
MC3[6] ID-28 ID-27 ID-26 ID-25 ID-24 ID-23 ID-22 ID-21
MC3[7] ID-7 ID-6 ID-5 ID-4 ID-3 ID-2 ID-1 ID-0
MC3[8] ID-15 ID-14 ID-13 ID-12 ID-11 ID-10 ID-9 ID-8
MC4[1] — — — — DLC3 DLC2 DLC1 DLCO
MC4[2] — — — — — — — —
MC4[3] — — — — — — — —
MC4[4] — — — — — — — —
MC4[5] ID-20 ID-19 ID-18 RTR IDE — ID-17 ID-16
MC4[6]  ID-28 ID-27 ID-26  ID-25 ID-24  ID-23  ID-22 ID-21
mMc4[7]  ID-7 ID-6 ID-5 ID-4 ID-3 ID-2 ID-1 ID-0
MC4[8]  ID-15 ID-14  ID-13  ID-12 ID-11 ID-10  ID-9 ID-8
MC5[1] — — — — DLC3 DLC2 DLC1 DLCO
MC5[2] — — — — — — — —
MC5[3] — — — — — _ _ _
MC5[4] — — — — — — — —
MC5[5]  ID-20 ID-19 ID-18  RTR IDE — ID-17 ID-16
MC5[6] ID-28 ID-27 ID-26 ID-25 ID-24 ID-23 ID-22 ID-21
MC5[7]  ID-7 ID-6 ID-5 ID-4 ID-3 ID-2 ID-1 ID-0
MC5[8] ID-15 ID-14 ID-13 ID-12 ID-11 ID-10 ID-9 ID-8
MCeé[1] — — — — DLC3 DLC2 DLC1 DLCO
MC6[2] — — — — — — — —
MC6[3] — — — — — — — —
MC6[4] — — — — — — — —
MC6[5] ID-20 ID-19 ID-18 RTR IDE — ID-17 ID-16
MC6[6]  ID-28 ID-27 ID-26  ID-25 ID-24  ID-23  ID-22 ID-21
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Abbrevia-
tion Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
MC6[7] ID-7 ID-6 ID-5 ID-4 ID-3 ID-2 ID-1 ID-0 HCAN
MC6[8] ID-15 ID-14 ID-13 ID-12 ID-11 ID-10 ID-9 ID-8
MC7[1] — — — — DLC3 DLC2 DLC1 DLCO
MC7[2] — — — — — — — —
MC7[3] — — — — — — — —
MC7[4] — — — — — — — —
MC7[5] ID-20 ID-19 ID-18 RTR IDE — ID-17 ID-16
MC7[6] ID-28 ID-27 ID-26 ID-25 ID-24 ID-23 ID-22 ID-21
MCT7[7] ID-7 ID-6 ID-5 ID-4 ID-3 ID-2 ID-1 ID-0
MC7[8] ID-15 ID-14 ID-13 ID-12 ID-11 ID-10 ID-9 ID-8
MC8[1] — — — — DLC3 DLC2 DLC1 DLCO
MC8[2] — — — — — — — —
MC8[3] — — — — — — — —
MC8[4] — — — — — — — _
MC8[5] ID-20 ID-19  ID-18 RTR IDE — ID-17  ID-16
MC8[6]  ID-28 ID-27 ID-26 ID-25 ID-24 ID-23 ID-22 ID-21
MC8[7]  ID-7 ID-6 ID-5 ID-4 ID-3 ID-2 ID-1 ID-0
MC8[8]  ID-15 ID-14 ID-13 ID-12 ID-11 ID-10 ID-9 ID-8
MC9[1l] — — — — DLC3 DLC2 DLC1 DLCO
MC9[2] — — — — — — — —
MCO[3] — — — — — — — —
MC9[4] — — — — — — — —
MC9[5]  ID-20 ID-19 ID-18 RTR IDE — ID-17 ID-16
MC9[6] ID-28 ID-27 ID-26 ID-25  ID-24  ID-23  ID-22  ID-21
MC9[7]  ID-7 ID-6 ID-5 ID-4 ID-3 ID-2 ID-1 ID-0
MC9[8] ID-15 ID-14 ID-13 ID-12 ID-11 ID-10 ID-9 ID-8
MC10[1] — — — — DLC3 DLC2 DLC1 DLCO
MC10[2] — — — — — — — —
MC10[3] — — — — — — — —
MC10[4] — — — — — — — _
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Abbrevia-

tion Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
MC10[5] ID-20 ID-19 ID-18 RTR IDE — ID-17 ID-16 HCAN
MC10[6] ID-28 ID-27 ID-26 ID-25 ID-24 ID-23 ID-22 ID-21
MC10[7] ID-7 ID-6 ID-5 ID-4 ID-3 ID-2 ID-1 ID-0
MC10[8] ID-15 ID-14 ID-13 ID-12 ID-11 ID-10 ID-9 ID-8
MC11[1] — — — — DLC3 DLC2 DLC1 DLCO
MC11[2] — — — — — — — —
MC11[3] — — — — — — — —
MC11[4] — — — — — — — —
MC11[5] 1D-20 ID-19 ID-18  RTR IDE - ID-17 ID-16
MC11[6] ID-28 ID-27 ID-26 ID-25 ID-24 ID-23 ID-22 ID-21
MC11[7] ID-7 ID-6 ID-5 ID-4 ID-3 ID-2 ID-1 ID-0
MC11[8] ID-15 ID-14 ID-13 ID-12 ID-11 ID-10 ID-9 ID-8
MC12[1] — — — — DLC3 DLC2 DLC1 DLCO
MC12[2] — — — — — _ _ _
MC12[3] — — — — — — — —
MC12[4] — — — — — — — —
MC12[5] ID-20 ID-19 ID-18 RTR IDE — ID-17 ID-16
MC12[6] ID-28 ID-27 ID-26  ID-25 ID-24  ID-23  ID-22 ID-21
MC12[7] ID-7 ID-6 ID-5 ID-4 ID-3 ID-2 ID-1 ID-0
MC12[8] ID-15 ID-14 ID-13 ID-12 ID-11 ID-10 ID-9 ID-8
MC13[1] — — — — DLC3 DLC2 DLC1 DLCO
MC13[2] — — — — — — — —
MC13[3] — — — — — — — —
MC13[4] — — — — — — — —
MC13[5] ID-20 ID-19 ID-18 RTR IDE — ID-17 ID-16
MC13[6] ID-28 ID-27 ID-26  ID-25 ID-24  ID-23  ID-22 ID-21
MC13[7] ID-7 ID-6 ID-5 ID-4 ID-3 ID-2 ID-1 ID-0
MC13[8] ID-15 ID-14  ID-13  ID-12 ID-11 ID-10  ID-9 ID-8
MC14[1] — — — — DLC3 DLC2 DLC1 DLCO
MC14[2] — — — — — _ _ _
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Abbrevia-

tion Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
MC14[3] — — — — — — — — HCAN
MC14[4] — — — — — — — —
MC14[5] ID-20 ID-19 ID-18 RTR IDE — ID-17 ID-16
MC14[6] ID-28 ID-27 ID-26 ID-25 ID-24 ID-23 ID-22 ID-21
MC14[7] ID-7 ID-6 ID-5 ID-4 ID-3 ID-2 ID-1 ID-0
MC14[8] ID-15 ID-14 ID-13 ID-12 ID-11 ID-10 ID-9 ID-8
MC15[1] — — — — DLC3 DLC2 DLC1 DLCO
MC15[2] — — — — — — — —
MC15[3] — — — — — — — —
MC15[4] — — — — — — — —
MC15[5] ID-20 ID-19 ID-18 RTR IDE — ID-17 ID-16
MC15[6] ID-28 ID-27 ID-26 ID-25 ID-24 ID-23 ID-22 ID-21
MC15[7] ID-7 ID-6 ID-5 ID-4 ID-3 ID-2 ID-1 ID-0
MC15[8] ID-15 ID-14 ID-13 ID-12 ID-11 ID-10 ID-9 ID-8
MDO[1] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MDO[2] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MDO[3] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MDO[4] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MDO[5] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MDO[6]  Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MDO[7] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MDO[8]  Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD1[1] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD1[2] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD1[3] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD1[4] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD1[5] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD1[6] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD1[7] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD1[8] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
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Abbrevia-

tion Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
MD2[1] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 HCAN
MD2[2] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD2[3] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD2[4] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD2[5] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD2[6] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD2[7] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD2[8] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD3[1] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD3[2] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD3[3] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD3[4] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD3[5] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD3[6] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD3[7] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD3[8] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD4[1] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MDA4[2] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MDA4[3] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MDA4[4] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MDA4[5] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD4[6] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MDA4[7] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MDA4[8]  Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD5[1] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD5[2] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD5[3] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD5[4] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD5[5] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD5[6] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
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Abbrevia-

tion Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
MD5[7] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 HCAN
MD5[8] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD6[1] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD6[2] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD6[3] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD6[4] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD6[5] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD6[6] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD6[7] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD6[8]  Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD7[1] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD7[2] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD7[3] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD7[4] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD7[5] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD7[6] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD7[7] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD7[8] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD8[1] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
mMD8[2] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD8[3] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
mMD8[4] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD8[5] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
mD8[6] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
mMD8[7]  Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD8[8] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD9[1] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD9[2] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD9[3] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD9[4] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
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Abbrevia-

tion Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
MD9[5] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 HCAN
MD9[6] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD9[7] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD9[8] Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD10[1] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD10[2] Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD10[3] Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD10[4] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD10[5] Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD10[6] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD10[7] Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD10[8] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD11[1] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD11[2] Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD11[3] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD11[4] Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD11[5] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD11[6] Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD11[7] Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD11[8] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD12[1] Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD12[2] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD12[3] Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD12[4] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD12[5] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD12[6] Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD12[7] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD12[8] Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD13[1] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD13[2] Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
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Abbrevia-

tion Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
MD13[3] Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 HCAN
MD13[4] Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD13[5] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD13[6] Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD13[7] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD13[8] Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD14[1] Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD14[2] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD14[3] Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD14[4] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD14[5] Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD14[6] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD14[7] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD14[8] Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD15[1] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD15[2] Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD15[3] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD15[4] Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD15[5] Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD15[6] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD15[7] Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MD15[8] Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
HCAN RXDIE TXSTP — — — — TxD RxD
MON
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Abbrevia-

tion Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Module
SSCRH MSS BIDE — SOL SOLP SCKS CSs1 CSS0 SSuU_0
0

SSCRL — — SRES — — — DATS1 DATSO
0

SSMR MLS CPOS CPHS — — CKS2 CKS1 CKSO0
0

SSER TE RE — — TEIE TIE RIE CEIE
0

SSSR — ORER — — TEND TDRE RDRF CE
0

SSTDRO Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0

SSTDR1 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0

SSTDR2 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0

SSTDR3 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0

SSRDRO Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0

SSRDR1 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0

SSRDR2 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0

SSRDR3 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0
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Abbrevia-
tion Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Module
SSCRH MSS BIDE — SOL SOLP SCKS CSs1 CSS0 SSuU_1
1
SSCRL — — SRES — — — DATS1 DATSO
1
SSMR_1 MLS CPOS CPHS — — CKS2 CKS1 CKSO0
SSER 1 TE RE — — TEIE TIE RIE CEIE
SSSR 1 — ORER — — TEND TDRE RDRF CE
SSTDRO Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
1
SSTDR1 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
1
SSTDR2 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
1
SSTDR3 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
1
SSRDRO Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
1
SSRDR1 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
1
SSRDR2 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
1
SSRDR3 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
1
PDRTIDR Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 PORT
TCR_2 CMIEB CMIEA  OVIE CCLR1 CCLRO CKS2 CKSs1 CKSO0 TMR_2,
TCR_3 CMIEB CMIEA OVIE CCLR1 CCLRO CKs2 CKSs1 CKSO0 TMR_3
TCSR_2 CMFB CMFA OVF ADTE 0S3 0S2 0S1 0so0
TCSR_3 CMFB CMFA OVF — 0S3 0S2 0s1 0Ss0
TCORA Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
2
TCORA Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
3
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Abbrevia-

tion Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Module
TCORB Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 TMR_2,
2 TMR_3
TCORB Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

3

TCNT_2 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

TCNT_3 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

SBYCR SSBY STS2 STS1 STSO — — — — SYSTEM
SYSCR MACS — INTM1 INTMO NMIEG — — RAME

SCKCR PSTOP — — — STCS SCK2 SCK1 SCKO

MDCR — — — — — MDS2 MDS1 MDSO0

MSTP MSTPA7 MSTPA6 MSTPA5 MSTPA4 MSTPA3 MSTPA2 MSTPA1 MSTPAO
CRA

MSTP MSTPB7 MSTPB6 MSTPB5 MSTPB4 MSTPB3 MSTPB2 MSTPB1 MSTPBO
CRB

MSTP MSTPC7 MSTPC6 MSTPC5 MSTPC4 MSTPC3 MSTPC2 MSTPC1 MSTPCO
CRC

LPWR — — — — — — STC1 STCO
CR

BARA — — — — — — — — PBC
BAA23 BAA22 BAA21 BAA20 BAA19 BAA18 BAAl7 BAA16
BAA15 BAA14 BAA13 BAA12 BAA1l BAA10 BAA9 BAAS8
BAA7 BAAG BAA5 BAA4 BAA3 BAA2 BAAl BAAO

BARB  — — — — — — — —

BAB23 BAB22 BAB21 BAB20 BAB19 BAB18 BAB17 BAB16

BAB15 BAB14 BAB13 BAB12 BAB11 BAB10 BAB9 BABS8
BAB7 BAB6 BAB5 BAB4 BAB3 BAB2 BAB1 BABO
BCRA CMFA CDA BAMRA2 BAMRA1l BAMRAO CSELA1 CSELAO BIEA
BCRB CMFB CDB BAMRB2 BAMRB1 BAMRBO CSELB1 CSELBO BIEB

ISCRH — — — — IRQ5SCB  IRQ5SCA IRQ4SCB  IRQ4SCA INT

ISCRL  IRQ3SCB IRQ3SCA IRQ2SCB IRQ2SCA IRQISCB IRQISCA IRQOSCB IRQOSCA
IER — — IRQ5E  IRQ4E  IRQ3E I[RQ2E  IRQLE  IRQOE
ISR — — IRQ5F  IRQ4F  IRQ3F IRQ2F IRQLF  IRQOF
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Abbrevia-
tion Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Module

DTCERA DTCEA7 DTCEA6 DTCEA5 DTCEA4 DTCEA3 DTCEA2 DTCEAl1 DTCEAO DTC

DTCERB DTCEB7 DTCEB6 DTCEB5 DTCEB4 DTCEB3 DTCEB2 DTCEB1 DTCEBO
DTCERC DTCEC7 DTCEC6 DTCEC5 DTCEC4 DTCEC3 DTCEC2 DTCEC1 DTCECO
DTCERD DTCED7 DTCED6 DTCED5 DTCED4 DTCED3 DTCED2 DTCED1 DTCEDO
DTCERE DTCEE7 DTCEE6 DTCEE5 DTCEE4 DTCEE3 DTCEE2 DTCEE1 DTCEEO
DTCERF DTCEF7 DTCEF6 DTCEF5 DTCEF4 DTCEF3 DTCEF2 DTCEF1 DTCEFO

DTCERG DTCEG7 DTCEG6 DTCEG5 DTCEG4 DTCEG3 DTCEG2 DTCEG1 DTCEGO
DTVECR SWDTE DTVEC6 DTVEC5 DTVEC4 DTVEC3 DTVEC2 DTVEC1 DTVECO
PCR G3CMS1 G3CMSO G2CMS1 G2CMSO G1CMS1 G1CMSO GOCMS1 GOCMSO PPG
PMR G3INV G2INV — — G3NOV  G2NOV  — —
NDERH NDER15 NDER14 NDER13 NDER12 NDER11 NDER10 NDERS NDERS8
NDERL NDER7 NDER6 NDER5 NDER4 NDER3 NDER2 NDER1 NDERO
PODRH POD15 POD14 POD13 POD12 POD11 POD10 POD9 POD8
PODRL POD7 POD6 POD5 POD4 POD3 POD2 POD1 PODO
NDRH NDR15 NDR14 NDR13 NDR12 NDR11 NDR10 NDR9 NDR8
NDRL NDR7 NDR6 NDR5 NDR4 NDR3 NDR2 NDR1 NDRO
NDRH — — — — NDR11 NDR10 NDR9 NDR8
NDRL — — — — NDR3 NDR2 NDR1 NDRO

P1DDR P17DDR P16DDR P15DDR P14DDR P13DDR P12DDR P11DDR P10DDR PORT
P3DDR P37DDR P36DDR P35DDR P34DDR P33DDR P32DDR P31DDR P30DDR
P7DDR P77DDR P76DDR P75DDR P74DDR P73DDR P72DDR P71DDR P70DDR
PADDR — — — — PA3DDR PA2DDR PA1DDR PAODDR
PBDDR PB7DDR PB6DDR PBS5DDR PB4DDR PB3DDR PB2DDR PB1DDR PBODDR
PCDDR PC7DDR PC6DDR PC5DDR PC4DDR PC3DDR PC2DDR PC1DDR PCODDR
PDDDR PD7DDR PD6DDR PD5DDR PD4DDR PD3DDR PD2DDR PD1DDR PDODDR
PFDDR PF7DDR PF6DDR PF5DDR PF4DDR PF3DDR PF2DDR PF1DDR PFODDR
PAPCR — — — — PA3PCR PA2PCR PA1PCR PAOPCR
PBPCR PB7PCR PB6PCR PB5PCR PB4PCR PB3PCR PB2PCR PB1PCR PBOPCR
PCPCR PC7PCR PC6PCR PC5PCR PC4PCR PC3PCR PC2PCR PC1PCR PCOPCR
PDPCR PD7PCR PD6PCR PD5PCR PD4PCR PD3PCR PD2PCR PD1PCR PDOPCR
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Abbrevia-
tion Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Module

P3ODR P370DR P360DR P350DR P340DR P330DR P320DR P310DR P300DR PORT

PAODR — — — — PA3SODR PA20DR PA1ODR PAOODR
PBODR PB70ODR PB60ODR PB50DR PB4ODR PB3ODR PB20ODR PB1ODR PBOODR
PCODR PC70DR PC60ODR PC50DR PC40DR PC30ODR PC20DR PC10ODR PCOODR

TCR_3 CCLR2 CCLR1 CCLRO CKEGl1 CKEGO TPSC2 TPSCl1 TPSCO TPU_3

TMDR_3 — — BFB BFA MD3 MD2 MD1 MDO
TIORH_3 I0B3 10B2 10B1 10B0O I0A3 I0A2 I0OA1 I0A0
TIORL_3 10D3 10D2 10D1 10D0 I0C3 10C2 I0C1 10CO
TIER_3 TTGE — — TCIEV TGIED TGIEC TGIEB TGIEA
TSR_3 — — — TCFV TGFD TGFC TGFB TGFA
TCNTH_3 Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
TCNTL_3 Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TGRAH_3 Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
TGRAL_3 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TGRBH_3 Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
TGRBL_3 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TGRCH_3 Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8
TGRCL_3 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TGRDH_3 Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
TGRDL_3 Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TCR_4 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO TPU 4
TMDR_4 — — — — MD3 MD2 MD1 MDO
TIOR_4 I0OB3 10B2 10B1 10B0O I0A3 I0A2 I0OA1 I0A0
TIER_4 TTGE — TCIEU TCIEV — — TGIEB TGIEA
TSR_4 TCFD — TCFU TCFV — — TGFB TGFA
TCNTH_4 Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
TCNTL_4 Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TGRAH_4 Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
TGRAL_4 Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TGRBH_4 Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
TGRBL_4 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
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Abbrevia-

tion Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module

TCR5 — CCLR1 CCLRO CKEGl CKEGO TPSC2 TPSCL TPSCO TPU 5

TMDR 5 — — — — MD3 MD2 MD1 MDO

TIOR 5 I0B3 I0B2 10B1 10BO I0A3 I0A2 I0A1 I0AO

TIER 5 TTGE — TCIEU TCIEV — — — TGIEB  TGIEA

TSR 5 TCFD  — TCFU  TCFV ~ — — TGFB  TGFA

TCNTH 5 Bit15  Bit14  Bit13  Bit12  Bitll  Bit10  Bit9 Bit 8

TCNTL 5 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

TGRAH 5 Bit15  Bit14  Bit13  Bit12  Bit1l  Bit10  Bit9 Bit 8

TGRAL_5 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

TGRBH_5Bit15  Bit14  Bit13  Bit12  Bit1l  Bit10  Bit9 Bit 8

TGRBL_5 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

TSTR  — — CST5 CST4 CST3 CST2 CSTL  CSTO  TPU

TSYR  — — SYNC5 SYNC4 SYNC3 SYNC2 SYNC1 Synco common

IPRA  — IPR6 IPR5 IPRA  — IPR2 IPR1 IPRO INT

IPRB.  — IPR6 IPR5 IPRA  — IPR2 IPR1 IPRO

IPRC ~ — IPR6 IPR5 IPRA  — IPR2 IPRL IPRO

IPRD  — IPR6 IPR5 IPRA  — IPR2 IPR1 IPRO

IPRE ~ — IPR6 IPR5 IPRA  — IPR2 IPRL IPRO

IPRE =~ — IPR6 IPR5 IPRA  — IPR2 IPR1 IPRO

IPRG  — IPR6 IPR5 IPRA  — IPR2 IPR1 IPRO

IPRH  — IPR6 IPR5 IPRA  — IPR2 IPRL IPRO

IPRJ — IPR6 IPR5 IPRA  — IPR2 IPR1 IPRO

IPRK ~ — IPR6 IPR5 IPRA  — IPR2 IPRL IPRO

IPRM  — IPR6 IPR5 IPRA  — IPR2 IPR1 IPRO

RAMER — — — — RAMS RAM2 RAM1  RAMO  FLASH
(F-ZTAT
Version)

PIDR  P17DR P16DR P15DR P14DR P13DR P12DR P11DR P10DR PORT

P3DR  P37DR P36DR P35DR P34DR P33DR P32DR P31DR  P30DR

P7DR  P77DR P76DR P75DR P74DR P73DR P72DR  P71DR  P70DR

PADR  — — — — PA3DR PA2DR PAIDR PAODR
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Abbrevia-
tion Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Module

PBDR PB7TDR PB6DR PB5DR PB4DR PB3DR PB2DR PBI1DR PBODR PORT

PCDR PC7DR PC6DR PC5DR PC4DR PC3DR PC2DR PC1DR PCODR
PDDR PD7DR PD6DR PD5DR PD4DR PD3DR PD2DR PD1DR PDODR
PFDR PF7/DR PF6DR PF5DR PF4DR PF3DR PF2DR PF1DR PFODR

TCR_0O CCLR2 CCLR1 CCLRO CKEGl1 CKEGO TPSC2 TPSCl1 TPSCO TPU_O

TMDR_0 — — BFB BFA MD3 MD2 MD1 MDO
TIORH_O I0B3 10B2 10B1 10B0O I0A3 I0A2 I0OA1 I0A0
TIORL_O 10D3 10D2 10D1 10D0 I0C3 10C2 I0C1 10CO
TIER_.O TTGE — — TCIEV TGIED TGIEC TGIEB TGIEA
TSR_.0O — — — TCFV TGFD TGFC TGFB TGFA
TCNTH_O Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
TCNTL_O Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TGRAH_O Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
TGRAL_O Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TGRBH_O Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
TGRBL_O Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TGRCH_0 Bit15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
TGRCL_O Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TGRDH_0 Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
TGRDL_O Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TCR_1 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO TPU_ 1
TMDR_1 — — — — MD3 MD2 MD1 MDO
TIOR_1 IOB3 10B2 10B1 10B0O I0A3 I0A2 I0OA1 I0A0
TIER_1 TTGE — TCIEU TCIEV — — TGIEB TGIEA
TSR_1 TCFD — TCFU TCFV — — TGFB TGFA
TCNTH_1 Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
TCNTL_1 Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TGRAH_1 Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
TGRAL_1 Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TGRBH_1 Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
TGRBL_1 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
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Abbrevia-

tion Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
TCR_2 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO TPU_2
TMDR_2 — — — — MD3 MD2 MD1 MDO

TIOR_2 10B3 10B2 10B1 10BO I0A3 I0A2 IOA1 I0A0

TIER_2 TTGE — TCIEU TCIEV — — TGIEB TGIEA

TSR_2 TCFD — TCFU TCFV — — TGFB TGFA

TCNTH_2 Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

TCNTL_2 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

TGRAH_2 Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8

TGRAL_2 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

TGRBH_2 Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8

TGRBL_2 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

TCR_.0O CMIEB CMIEA OVIE CCLR1 CCLRO CKSs2 CKS1 CKSO0 TMR_O,
TCR_1 CMIEB CMIEA OVIE CCLR1 CCLRO CKSs2 CKS1 CKSO0 TMR_1
TCSR_0 CMFB CMFA OVF ADTE 0OS3 0S2 OS1 0S0

TCSR_1 CMFB CMFA OVF — 0S3 0Ss2 0Os1 0Sso

TCORA_O Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TCORA_1Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

TCORB_0 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

TCORB_1 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

TCNT_O Bit7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0

TCNT_1 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

TCSR_O0 OVF WT/NIT TME — — CKS2 CKS1 CKS0 WDT_0
TCNT_O Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

RSTCSR WOVF RSTE RSTS — — — — —

SMR_0*' CIA CHR PE O/E STOP MP CKS1 CKSO0 SCI_0
(SMR_0%?) (GM) (BLK) (PE) (O/E) (BCP1) (BCPO) (CKS1) (CKSO0)

BRR_O0 Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

SCR_0 TIE RIE TE RE MPIE TEIE CKE1 CKEO

TDR_O0 Bit7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0

SSR_O*1 TDRE RDRF ORER FER PER TEND MPB MPBT
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Abbrevia-

tion Bit7  Bit6  Bit5  Bit4  Bit3  Bit2  Bitl  Bit0  Module
(SSR 0') (TDRE) (RDRF) (ORER) (ERS) (PER) (TEND) (MPB)  (MPBT) SCI_O
RDR O Bit7  Bit6 Bit5  Bit4  Bit3 Bit 2 Bit 1 Bit0

SCMR 0 — — _ _ SDR  SINV  — SMIF

SMR_2** C/A CHR  PE OIE STOP  MP CKS1  CKSO  SCI2
(SMR 2) (GM)  (BLK) (PE)  (O/E)  (BCP1) (BCPO) (CKS1) (CKSO)

BRR 2 Bit7  Bit6 Bit5  Bit4  Bit3 Bit 2 Bit 1 Bit 0

SCR2 TIE RIE TE RE MPIE  TEIE  CKEL  CKEO

TDR 2  Bit7 Bit 6 Bit5  Bit4  Bit3 Bit 2 Bit 1 Bit0

SSR 2*' TDRE RDRF ORER  FER PER  TEND MPB  MPBT

(SSR 2') (TDRE) (RDRF) (ORER) (ERS) (PER) (TEND) (MPB)  (MPBT)

RDR 2 Bit7  Bit6 Bit5  Bit4  Bit3 Bit 2 Bit 1 Bit0

SCMR 2 — — _ _ SDR  SINV  — SMIF

ADDRAH AD9  ADS AD7  AD6  AD5  AD4  AD3  AD2  AD
ADDRAL AD1  ADO  — — — — — —

ADDRBH AD9  ADS AD7  AD6  ADS5 AD4  AD3 AD2

ADDRBL AD1  ADO  — — — — — —

ADDRCH AD9  ADS AD7  AD6  ADS5 AD4  AD3 AD2

ADDRCL AD1  ADO  — — — — — —

ADDRDH AD9  AD8  AD7  AD6  AD5  AD4  AD3  AD2

ADDRDL AD1  ADO  — _ — _ — _

ADCSR ADF  ADIE  ADST SCAN CH3  CH2  CHL  CHO

ADCR TRGSL TRGSO — _ CKS1  CKSO  — _

FLMCRL FWE  SWE  ESUL  PSUL  EV1 PV1 E1 P1 FLASH
FLMCR2 FLER  — _ — _ — _ _ gferZsT()Arg
EBR1  EB7 EB6 EBS5 EB4 EB3 EB2 EB1 EBO

EBR2 — — — — — — EBO EBS

PORTL P17 P16 P15 P14 P13 P12 P11 P10 PORT
PORT3 P37 P36 P35 P34 P33 P32 P31 P30

PORT4 P47 P46 P45 P44 P43 P42 P41 P40

PORT7 P77 P76 P75 P74 P73 P72 P71 P70

PORTY P97 P96 P95 P94 Pa3 P92 Po1 P90
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Abbrevia-
tion Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
PORTA — — — — PA3 PA2 PAl PAO PORT
PORTB PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO
PORTC PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO
PORTD PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
PORTF  PF7 PF6 PF5 PF4 PF3 PF2 PF1 PFO
Notes: 1. Normal serial communication interface mode.
2. Smart Card interface mode.

Some bit functions of SMR differ in normal serial communication interface mode and

Smart Card interface mode.
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23.3 Register Statesin Each Operating Mode
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ADDRDL Initialized — — — Initialized Initialized Initialized
ADCSR Initialized — — — Initialized Initialized Initialized
ADCR Initialized — — — Initialized Initialized Initialized
FLMCR1 Initialized — — — — — Initialized ROM
FLMCR2 Initialized — — — — — Initialized
EBR1 Initialized — — — — — Initialized
EBR2 Initialized — — — — — Initialized
PORT1 Initialized — — — — — — PORT
PORT3 Initialized — — — — — —

PORT4 Initialized — — — — — —

PORT7? Initialized — — — — — —

PORT9 Initialized — — — — — —

PORTA Initialized — — — — — —

PORTB Initialized — — — — — —

PORTC Initialized — — — — — —

PORTD Initialized — — — — — —

PORTF Initialized — — — — — —

Note: —is not initialized.
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Section 24 Electrical Characteristics

24.1  Absolute Maximum Ratings
Table 24.1 lists the absol ute maximum ratings.

Table24.1 Absolute Maximum Ratings

Iltem Symbol Value Unit
Power supply voltage Ve -0.31t0 +7.0 \%
Input voltage (XTAL, EXTAL) A -0.3toV_ +0.3 \
Input voltage (ports 4 and 9) vV, -0.3t0 AV +0.3 \%
Input voltage (except XTAL, vV, -0.3toV_ +0.3 \
EXTAL, ports 4 and 9)
Analog power supply voltage AV . -0.3t0 +7.0 \%
Analog input voltage A% -0.3t0 AV +0.3 \
Operating temperature opr Regular specifications: —20 to +75 °C
Wide-range specifications: —40 to +85 °C
Storage temperature T -551t0 +125 °C

stg

Caution: Permanent damage to the chip may result if absolute maximum rating are exceeded.
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24.2 DC Characteristics

Table 24.2 lists the DC characteristics. Table 24.3 lists the permissible output currents.

Table24.2 DC Characteristics

Conditions: V=45V to55V, AV =45V t055V,V =AV =0V,
T, =-20°C to +75°C (regular specifications), T, = —40°C to +85°C (wide-range
specifications)**

Test
Item Symbol Min Typ Max Unit Conditions
Schmitt IRQ5 to IRQO V. Viex02 — — \Y
trigger input v — — V_x07 V
voltage ! « -
V.-V, V., .x005 — — \Y

Input high RES, STBY, Vv, V,.x09 — V,+03 V
voltage NMI,

MD2 to MDO,

FWE

EXTAL V,.x07 — V,+03 V

Ports 7,3, 1, A Vx07 — V,+03 V

to D, F, HRxD

Ports 9 and 4 AV %07 — AV +03 V
Input low RES, STBY, V, -0.3 — Veex01 V
voltage NMI,

MD2 to MDO,

FWE

EXTAL -0.3 — V,x02 V

Ports 7,3, 1, A -0.3 — V,.x02 V

to D, F, HRxD

Ports 9, 4 -0.3 — AV, x0.2 V
Output high  All output pins V_, V,.-05 — — \Y l,, =—200 pA
voltage V.-10 — — VoI, =-1mA
Output low All output pins V. — — 0.4 \% l,, =1.6 mA
voltage
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Test
Item Symbol Min Typ Max Unit Conditions
Input leakage RES [ 1.1 — — 1.0 HA VvV, =05t
current STBY, NMI, — — 10 LA V,.—05V
MD2 to MDO,
FWE, HRxD
Ports 9, 4 — — 10 HA V,=0510
AV —-05V
Input pull-up Ports AtoD -, 30 — 300 HA VvV, =0V
MOS current
Input RES C, — — 30 pF VvV, =0V
capacitance — — 30 pF f=1MHz
All input pins — — 15 pF T,=25°C
except RES
and NMI
Current Normal [ — 80 90 mA =24 MHz
consumption** operation V=50V V_ =55V
Sleep mode — 60 70 mA  f=24 MHz
V,.=50V V_ =55V
All modules — 55 — mA f=24 MHz,
stopped V,.=50V
(reference
values)
Medium-speed — 65 — mA =24 MHz,
mode (¢/32) V,.=50V
(reference
values)
Standby — 2.0 5.0 HA T,<50°C
mode — — 200 LA  50°C<T,
Analog During A/D Al — 1.0 2.0 mA AV =50V
power supply conversion
current ldle _ — 5.0 LA
Reference During A/D Al — 1.0 2.0 mA V_=50V
power supply conversion
current ldle _ — 5.0 LA
RAM standby voltage Ve 2.0 — — \

Notes: 1. If the A/D converter is not used, do not leave the AV, V,
voltage between 4.5 V and 5.5 V to the AV__ pin by connecting them to V,

instance.

ref?

cc’

and AV pins open. Apply a

for
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2. Current consumption values are for V,, = V_. (EXTAL), AV (ports 4 and 9), or V.
(other), and V, = 0 V, with all output pins unloaded and the on-chip pull-up MOS
transistors in the off state.

3. I, depends on V. and f as follows:
I.. (max) = 27 + 0.435 x V. x f (normal operation)
I« (Mmax) =27 + 0.3 x V. x f (sleep mode)

Table24.3 Permissible Output Currents

Conditions: V..=45Vt055V,AV =45V t055V,V =AV_=0V,
T, =-20°C to +75°C (regular specifications), T, = —40°C to +85°C (wide-range

specifications)
Iltem Symbol Min  Typ Max Unit
Permissible output  All output V,.=45t055V I — — 10 mA
low current (per pin) pins
Permissible output ~ Total of all V,=451055V X, — — 100 mA
low current (total) output pins
Permissible output  All output V,.=45t055V -, — — 2.0 mA
high current (per pin) pins
Permissible output ~ Total of all V,=45t055Vv X, — — 30 mA

high current (total) output pins

Note: To protect chip reliability, do not exceed the output current values in table 24.3.

24.3 AC Characteristics

Figure 24.1 shows the test conditions for the AC characteristics.

5V
C=30 pF
R =2.4kQ
R.  Ry=12kQ
) Input/output timing measurement levels
LSI output pin « Low level : 0.8 V
C Ry « High level : 2.0 V

Figure24.1 Output Load Circuit
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2431 Clock Timing
Table 24.4 lists the clock timing

Table24.4 Clock Timing

Conditions: V=45V to55V, AV =45V t055V,V =AV =0V,
¢ =4 MHz to 24 MHz, T, = -20°C to +75°C (regular specifications),
T, =—-40°C to +85°C (wide-range specifications)

Iltem Symbol  Min Max Unit Test Conditions
Clock cycle time t, 41.6 250 ns Figure 24.2
Clock high pulse width t., 8 — ns

Clock low pulse width te, 8 — ns

Clock rise time t., — 13 ns

Clock fall time t., — 13 ns

Oscillation settling time at reset  t ., 20 — ms Figure 24.3
(crystal)

Oscillation settling time in tosco 8 — ms Figure 22.3
software standby (crystal)

External clock output settling toeer 2 — ms Figure 24.3

delay time

Figure24.2 System Clock Timing
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EXTAL ~’~’~'~'§
tpext
L

tpExT
[ Q L
Vee ’

¢ ¢ (

o ]

SN T A
1/ AVAVAV —{mm\\s

Figure24.3 Oscillation Settling Timing

24.3.2 Control Signal Timing
Table 24.5 lists the control signa timing.

Table24.5 Control Signal Timing

Conditions: V..=45Vt055V,AV =45V t055V,V =AV_=0V,
¢ =4 MHzto 24 MHz, T, = -20°C to +75°C (regular specifications),
T, =—-40°C to +85°C (wide-range specifications)

Item Symbol  Min Max Unit Test Conditions
RES setup time tees 200 — ns Figure 24.4

RES pulse width tesw 20 — t,

NMI setup time s 150 — ns Figure 24.5

NMI hold time T 10 — ns

NMI pulse width (exiting tow 200 — ns

software standby mode)

IRQ setup time tros 150 — ns

IRQ hold time tron 10 — ns

IRQ pulse width (exiting trow 200 — ns

software standby mode)
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tRESS REsS

tRESW

Figure24.4 Reset Input Timing

NMI

IRQI
(i=5t00)

IRQ
Edge input

IRQ
Level input

ANV

/S S

tmis Inmin
B i -
tirow
tirgs tirQH
tirgs

Figure24.5 Interrupt Input Timing
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24.3.3 Timing of On-Chip Peripheral Modules
Table 24.6 lists the timing of on-chip peripheral modules.

Table24.6 Timing of On-Chip Peripheral Modules

Conditions: V..=45Vto55V,AV =45V t055V,V =AV =0, ¢ =4 MHzto24 MHz,
T,=-20°C to +75°C (regular specifications), T, = —40°C to +85°C (wide-range

specifications)
Test
Item Symbol Min Max Unit Conditions
I/O port  Output data delay time town — 40 ns Figure 24.6
Input data setup time tors 25 —
Input data hold time o 25 —
Realtime input port data toron 4 — t, Figure 24.7
hold time
TPU Timer output delay time troco — 40 ns Figure 24.8
Timer input setup time s 25 —
Timer clock input setup s 25 — ns Figure 24.9
time
Timer clock  Single edge o 15 — L.
pulse width gy, edges |- 2.5 —
SCI Inputclock  Asynchronous tg 4 — L. Figure 24.10
cycle Synchronous 6 —
Input clock pulse width tecw 0.4 0.6 toye
Input clock rise time teoer — 15 t,
Input clock fall time tocr — 15
Transmit data delay time to — 40 ns Figure 24.11
Receive data setup time tovs 40 —
(synchronous)
Receive data hold time [ 40 —
(synchronous)
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Test
Item Symbol Min Max Unit Conditions
A/D Trigger input setup time tres 30 — ns Figure 24.12
converter
HCAN*  Transmit data delay time tro — 80 ns Figure 24.13
Receive data setup time [ 80 —
Receive data hold time b 80 —
PPG Pulse output delay time too — 40 ns Figure 24.14
TMR Timer output delay time oo — 40 ns Figure 24.15
Timer reset input setup [ 25 — ns Figure 24.17
time
Timer clock input setup tcs 25 — ns Figure 24.16
time
Timer clock  Single edge - 15 — teye
pulse width

Both edges t 2.5 —

TMCWL

Note: * The HCAN input signal is asynchronous. However, its state is judged to have changed
at the rising-edge (two clock cycles) of the ¢ clock signal shown in figure 24.13. The
HCAN output signal is also asynchronous. Its state changes based on the rising-edge
(two clock cycles) of the ¢ clock sighal shown in figure 24.13.
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Table24.7 Timing of SSU

Conditions: V..=45Vto55V, AV =45V t055V,V =AV =0, ¢=4MHzto24 MHz,
T,=-20°C to +75°C (regular specifications), T, = —40°C to +85°C (wide-range

specifications)
Item Symbol  Min Max Unit Test Conditions
SSuU Clock cycle  Master tsueve 2 256 teve Figure 24.18

Slave 4 256 Figure 24.19

Clock high Master t, 20 — ns llz!gure gjgg

level pulse Slave 60 — Igure 22.

width

Clock low Master to 20 — ns

level pulse Slave 60 —

width

Clock rise time tose — 20 ns

Clock fall time o — 20 ns

Data input Master te 30 — ns

setup time Slave 30 —

Data input Master t, 10 — ns

hold time Slave 10 —

SCS setup Master teno 15 — teve

time Slave 15 —

SCS hold time Master t 15 — teve
Slave 15 —

Data output ~ Master too — 40 ns

delay time Slave — 40

Data output ~ Master ton 30 — ns

hold time Slave 30 —

Continuous ~ Master to 1.5 — teve

transmit delay Slave 15 —

time

Slave access time [ — 1 teve

Slave out release time t — 1 t

REL CyC
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T T

¢ SN [ o

tors | | trrH

Ports 9,7, 4, 3, 1, >§ §<
Ato D, F (read)

thwo
Ports 7,3, 1, Ato D, F ><‘
(write) X

Figure24.6 1/0O Port Input/Output Timing

)
tRTIF'H

B .
Port D input x X
\o {C

T

Figure24.7 Realtimelnput Port Data Input Timing

; N/ S

troco

Output compare 37
output* >§

trics

Input capture

1 *
input o ><

Note: * TIOCA5 to TIOCAQ, TIOCBS to TIOCBO, TIOCC3, TIOCCO, TIOCD3, TIOCDO

Figure24.8 TPU Input/Output Timing
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/Y o/ NS N

trcks trcks

27
TCLKA to TCLKD \ j \
Igé X

trokwe trekw

Figure24.9 TPU Clock Input Timing

. tsckw tslc r tscks

SCK2, SCKO _/L_\
—

tScyc

Figure24.10 SCK Clock Input Timing

SCK2, SCKO / \ / \ / ‘_\_/_\_

trxp
TXD2, TXDO >§ X X ><
(transmit data)

trxs | | tRxH

|| ]

it X )X X

Figure24.11 SCI Input/Output Timing (Clocked Synchronous M ode)

¢
trres
—
ADTRG \

Figure24.12 A/D Converter External Trigger Input Timing
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tHTXD

HTXD ’ ?
(transmit data) (( (

tHRXS tHRXH

(@ K
(receive data) ( . i (

Figure24.13 HCAN Input/Output Timing

VAN NV

PO15 to 8 §<

Figure24.14 PPG Output Timing

| /N S S

trmop

TMO3, TMO2 ><
TMO1, TMOO

Figure24.15 8-Bit Timer Output Timing

N .\

trmcs trmes

{C
TMCI23, TMCIO1 ) / \
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Figure24.16 8-Bit Timer Clock Input Timing
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| /o ./

trmRrs

TMRI23, TMRIO1 /

Figure24.17 8-Bit Timer Reset Input Timing
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Figure24.18 SSU Timing (Master, CPHS=1)
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Figure24.19 SSU Timing (Master, CPHS=0)
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Figure24.20 SSU Timing (Slave, CPHS=1)
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Figure24.21 SSU Timing (Slave, CPHS=0)
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244  A/D Conversion Characteristics
Table 24.8 lists the A/D conversion characteristics.

Table24.8 A/D Conversion Characteristics

Conditions: V=45V to55V, AV =45V t055V,V =AV =0V,
¢ =4 MHz to 24 MHz, T, =-20°C to +75°C (regular specifications),
T, =—-40°C to +85°C (wide-range specifications)

Iltem Min Typ Max Unit
Resolution 10 10 10 bits
Conversion time 10 — 200 us

Analog input capacitance — — 20 pF

Permissible signal-source impedance — — 5 kQ

Nonlinearity error — — +3.5 LSB
Offset error — — +3.5 LSB
Full-scale error — — +3.5 LSB
Quantization — +0.5 — LSB
Absolute accuracy — — +4.0 LSB
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245  Flash Memory Characteristics
Table 24.9 lists the flash memory characteristics.

Table24.9 Flash Memory Characteristics

Conditions: V=45V t055V, AV =45V t055V,

V_=PLLV_=AV_=0V,

T, = 0to +75°C (Programming/erasing operating temperature range)

Item Symbol Min  Typ Max Unit Test Condition
Programming time***#** t, — 10 200 ms/
128 bytes
Erase time*™**** t. — 100 1200 ms/block
Reprogramming count \ee — — 100  Times
Programming  Wait time after SWE bit setting”™* tve 1 1 — ps
Wait time after PSU1 bit setting*™*  t_,_, 50 50 — us
Wait time after P1 bit setting™*** t 28 30 32 Us Programming
time wait
tepono 198 200 202 ps Programming
time wait
tonto 8 10 12 us Additional-
programming
time wait
Wait time after P1 bit clear** t, 5 5 — us
Wait time after PSU1 bit clear™* i 5 5 — us
Wait time after PV1 bit setting™* t, 4 4 —  us
Wait time after H'FF dummy write™* e 2 2 — ps
Wait time after PV1 bit clear™* i, 2 2 — us
Wait time after SWE bit clear™ t.. 100 100 —  ps
Maximum programming count*™* N — — 1000 Times
Erase Wait time after SWE bit setting™* te 1 1 — ps
Wait time after ESU1 bit setting™  t__, 100 100 —  ps
Wait time after E1 bit setting™™®  t_, 10 10 100 ms Erase time wait
Wait time after E1 bit clear** t, 0 10 — s
Wait time after ESU1 bit clear”™* t,., 0 10 — s
Wait time after EV1 bit setting™* t,, 20 20 —  ps
Wait time after H'FF dummy write™ t_, 2 2 — ps
Wait time after EV1 bit clear”™ t,, 4 4 — us
Wait time after SWE bit clear™ t.. 100 100 — s
Maximum erase count™*** N 12— 120 Times
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Notes: 1.

Make each time setting in accordance with the program/program-verify flowchart or
erase/erase-verify flowchart.

Programming time per 128 bytes (shows the total period for which the P1 bit in the flash
memory control register (FLMCR1) is set. It does not include the programming
verification time.)

. Block erase time (shows the total period for which the E1-bit FLMCR1 is set. It does not

include the erase verification time.)
To specify the maximum programming time value (tp (max)) in the 128-bytes
programming algorithm, set the max. value (1000) for the maximum programming
count (n).
The wait time after P1 bit setting should be changed as follows according to the value of
the programming counter (n).

Programming counter (n) = 1 to 6: t,5 =30 us

Programming counter (n) = 7 to 1000: t_, =200 ps

[In additional programming]

Programming counter (n) = 1 to 6: to=10pus
For the maximum erase time (t. (max)), the following relationship applies between the
wait time after E1 bit setting (t_) and the maximum erase count (N):

t. (max) = Wait time after E1 bit setting (t.) x maximum erase count (N)
To set the maximum erase time, the values of (t.) and (N) should be set so as to satisfy
the above formula.
Examples: Whent_ =100 ms, N = 12 times

Whent_=10ms, N =120 times

'sp200
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Appendix
A. I/O Port Statesin Each Pin State
MCU Hardware
Operating Standby Software Program Execution

Port Name Mode Reset Mode Standby Mode State Sleep Mode
Port 1 7 T Keep I/O port
Port 3 7 T T Keep 1/0O port
Port 4 7 T T T Input port
Port 7 7 T T Keep 1/0O port
Port 9 7 T T T Input port
Port A 7 T T Keep I/O port
Port B 7 T T Keep I/0O port
Port C 7 T T Keep I/O port
Port D 7 T T Keep 1/0O port
PF7 7 T T [DDR = 0] [DDR = 0]

T T

[DDR = 1] [DDR = 1]

H Clock output
PF6 7 T T Keep I/O port
PF5
PF4
PF3
PF2
PF1
PFO
HTxD 7 H T H Output
HRxD 7 Input T T Input
Legend:

H: High level
T: High impedance
Keep: Input port becomes high-impedance, output port retains state
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B. Product CodeLineup
Package
Product Type Type Name (Package Code)
H8S/2628 F-ZTAT version Standard product HD64F2628 QFP-100
(FP-100M)

Masked ROM version Standard product HD6432628
H8S/2627 Masked ROM version Standard product HD6432627

C. Package Dimensions

The package dimension that is shown in the Renesas Technology Semiconductor Package Data
Book has priority.

JEITA Package Code | RENESAS Code | Previous Code [ MASS[Typ] |
P-QFP100-14x14-0.50 | PRQPOT00KB-A | FP-100M/FP-100MV | 129 |

NOTE)
Ho 1. DIMENSIONS"*1"AND"*2"
B DO NOT INCLUDE MOLD FLASH
D 2. DIMENSION"*3"DOES NOT
INCLUDE TRIM OFFSET.

HRARARRRRARARARARRRRARARR

ce| Dimension in Millmeters

Min |[Nom | Max

— 14 | —

Terminal cross section E | — | 14 | —

— 1270 —

100

Hp | 15.8 | 16.0 | 16.2

R HHHHHWHWWWWHWWHE
‘gﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
Z;

E

H
\

AR R LA
2mol &

He [ 15.8 | 16.0 | 16.2

LEECEEEEEREEEEEEEELEREELEE
" 2 A | — | — 305

bp 10.17 | 0.22 | 0.27

£ A1 [0.00 | 012 [0.25

F ) (mﬁ\\;;j\w b | — 020 —

il R L c 01207 [022
! ST HHHHHHIHHHHHW%T)\, L 91 = 0.15 =
" Detail F B — o5 —

a Ohs) 2 x [ — | — [o008

y [ — | — o010

Zo| — | 1.0 | —

Ze | — | 1.0 | —

L [04]05] 06

Li | — |10 —

FigureC.1 FP-100M Package Dimensions
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