To our customers,

Old Company Name in Catalogs and Other Documents
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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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Issued by: Renesas Electronics Corporation (http://www.renesas.com)
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Notice

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

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

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

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

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

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

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

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

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

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

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

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

owned subsidiaries.

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




-
»
9
ﬁ\
7
<
O
-
c
)

W
N

LENESAS

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

The revision list summarizes the locations of
revisions and additions. Details should always
be checked by referring to the relevant text.
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Keep safety first in your circuit designs!

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

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

Notes regarding these materials

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

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

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

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

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

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

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

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

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

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

8. Please contact Renesas Technology Corp. for further details on these materials or the products
contained therein.
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General Precautionson Handling of Product

1. Treatment of NC Pins

Note: Do not connect anything to the NC pins.
The NC (not connected) pins are either not connected to any of the internal circuitry or are
used astest pins or to reduce noise. If something is connected to the NC pins, the
operation of the LS| is not guaranteed.

2. Treatment of Unused Input Pins

Note: Fix all unused input pinsto high or low level.
Generally, the input pins of CMOS products are high-impedance input pins. If unused pins
arein their open states, intermediate levels are induced by noise in the vicinity, a pass-
through current flows internally, and a malfunction may occur.

3. Processing before Initialization

Note:  When power isfirst supplied, the product’s state is undefined.
The states of internal circuits are undefined until full power is supplied throughout the
chip and alow level isinput on thereset pin. During the period where the states are
undefined, the register settings and the output state of each pin are also undefined. Design
your system so that it does not malfunction because of processing whileitisin this
undefined state. For those products which have areset function, reset the LSI immediately
after the power supply has been turned on.

4. Prohibition of Accessto Undefined or Reserved Addresses

Note: Accessto undefined or reserved addresses is prohibited.
The undefined or reserved addresses may be used to expand functions, or test registers
may have been be allocated to these addresses. Do not access these registers; the system’s
operation is not guaranteed if they are accessed.
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Preface

The SH7046 Group single-chip RISC (Reduced Instruction Set Computer) microprocessor
includes a Renesas-original RISC CPU asits core, and the periphera functions required to
configure a system.

Target users: This manual was written for users who will be using the SH7046 Group Micro-
Computer Unit(MCU) in the design of application systems. Users of thismanual 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 SH7046 Group MCU to the above users.
Refer to the SH-1, SH-2, SH-DSP Programming Manual for a detailed description
of theinstruction set.

Notes on reading this manual:

* Product names
The following products are covered in this manual.

Product Classifications and Abbreviations

Basic Classification On-Chip ROM Classification Product Code
SH7046 (80-pin version) SH7046F Flash memory version HD64F7046
(ROM: 256 kbytes)
SH7048 Mask ROM version HD6437048
(ROM: 128KB)
SH7148 Mask ROM version HD6437148

(ROM: 64 kbytes)

In this manual, the product abbreviations are used to distinguish products. For example, 80-pin
products are collectively referred to as the SH7046, an abbreviation of the basic type's
classification code. There are two versions of each: aflash memory version and a mask ROM
version. When a description is limited to the flash memory version alone, the character Fis
added at the end of the abbreviation, such as SH7046F. When a description islimited to the
mask ROM version alone, an abbreviation that is determined by the ROM size is used; for
example, SH7148 is used to indicate the mask ROM version.
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» Thetypical product
The HD64F7046 is taken as the typical product for the descriptionsin this manual.
Accordingly, when using an HD6437048 or HD6437148 simply replace the HD64F7046 in
those references where no differences between products are pointed out with HD6437048 or
HD6437148. Where differences are indicated, be aware that each specification appliesto the
products as indicated.

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 SH-1, SH-2, SH-DSP Programming Manual.

e Inorder to understand the details of aregister when the user knows its name
Read the index that isthe final part of the manual to find the page number of the entry on the

register. The addresses, bit names, and initial values of the registers are summarized in
Appendix A, On-chip I/O Register.

Rules: Register name:  The following notation is used for cases when the same or a
similar function, e.g. serial communication, isimplemented
on more than one channel:

XXX_N (XXX istheregister name and N is the channel
number)

Bit order: The MSB (most significant bit) is on the left and the LSB
(least significant bit) is on the right.

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

SH7046 Group manuals:

Manual Title Document No.
SH7046 Group Hardware Manual This manual

SH-1, SH-2, SH-DSP Programming Manual REJ09B0171-05000
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Users manuals for development tools:

Manual Title Document No.
C/C++ Compiler, Assembler, Optimized Linkage Editor Users Manual REJ10B0152-0101
Simulator Debugger (for Windows) Users Manual ADE-702-186
High-Performance Embedded Workshop Users Manual ADE-702-201

Application Notes:

Manual Title Document No.

C/C++ Compiler Package Application Note REJ0O5B0463-0300
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Main Revisionsin This Edition

Item Page Revision (See Manual for Details)

All Hitachi - Renesas Technology
SH7046 Series -» SH7046 Group

Package Code
FP-80Q —» PRQP0080JD-A

1.4 Pin Functions 8 Table amended

User break  UBCTRG
controller

(UBC)

(flash

version only)

4.3.1 Note on Crystal 49 Description amended

Resonator ... As the resonator circuit constants will depend on the

resonator and the floating capacitance of the mounting circuit,
the component value should be determined in consultation with
the resonator manufacturer.

5.1.3 Exception 56 Table amended
Processing Vector Vector Table Address Offset
Table

. H'00000120-H'00000123
Table 5.3 Exception

Processing Vector

Table
9.6 On-chip 132 Table amended
Peripheral I/O Register On-chip : '
Access Peripheral EPFC,
Table 9.2 On-chip Module ‘PORT |
Ziglg::ral VO Register Connected ileit
bus width : :
Access cycle  i2cyc*! !
10.3.3 Timer I/O 162 Note amended
Control Register Note: 2. When the BFB bit in TMDR_4 is set to 1 and TGRC_4
(TIOR) is used as a buffer register, this setting is invalid and input
Table 10.24 TIORL_4 capture/output compare is not generated.
(channel 4)
10.3.6 Timer Counter 169 Description amended
(TCNT)

The TCNT counters are initialized to H'0000 by a reset
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Item Page Revision (See Manual for Details)
10.4.5 PWM Modes 195 Figure amended
Figure 10.23 e e e menensag 1 e
Example of PWM TENT value
Mode Operation (3) TGRA TGRS fewitien
TGRB — "
H'0000 ‘, Time
TIOCA ‘ ‘ 100% duty cycle I_I
10.4.8 213 Figure amended
Complementary PWM Counter value
Mode
Figure 10.34 TGRA 3
Complementary PWM
TCDR ‘
Mode Counter N 3 |
Operation =
TCNT—“: TCHTS !
TDDR : ®
H'0000 : ‘
10.7.6 Contention 248 Figure amended

between TGR Write
and Compare Match

Figure 10.73
Contention between
TGR Write and
Compare Match

TGR write cycle

T1 T2

JSN I I A O

X TGR address X

Address

Write signal

Compare

match signal

TCNT N N
TGR N ™

TGR write data
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Item Page Revision (See Manual for Details)
10.7.16 Contention 258 Figure amended
e P LTI LTI L LT
Overflow/Underflow
and Counter Clearing TCNT input |—|
. clock
Figure 10.83
Contention between TCNT P X 10000
Overflow and Counter
Clearing Counter clear
signal
TGF |
TCEV Disabled —b:_ _____________________________
10.7.17 Contention 259 Figure amended
between TCNT Write TCNT write cycle
and }‘L’f‘i’{
Overflow/Underflow Po |_| |_| |_| |_| |_|
Figure 10.84
Contention between Address \  TCNTaddress X
TCNT Write and
Overflow Write signal
/TCNT write data
TCNT H'FFFF X M
TcRVfag oo
10.7.22 Notes on 260 Newly added
Buffer Operation
Settings
10.9.5 Usage Note 302 Description added
2. To clear bits POEOF, POE1F, POE2F, POE3F, and OSF to
0, read registers ICSR1 and OCSR. Clear bits, which are read
as 1, to 0, and write 1 to the other bits in the registers.
11.1 Features 303 Description replaced
11.3.3 Reset 308 Description amended
Control/Status

Register (RSTCSR)

RSTCSR is an 8-hit readable/writable register that controls the
generation of the internal reset signal when TCNT overflows |.
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Item Page Revision (See Manual for Details)
12.3.7 Serial Status 324to  Table amended

Register (SSR) 326 Initial
Bit Bit Name Value R/W Description
7 TDRE 1 R/(W)*  [Setting conditions]
* Power-on reset or software standby mode
6 RDRF 0 R/(W)*  [Clearing conditions]
Power-on reset or software standby mode
5 ORER 0 R/(W)"  [Clearing conditions]
Power-on reset or software standby mode
4 FER 0 R/(W)*  [Clearing conditions]
Power-on reset or software standby mode
3 PER 0 R/(W)*  [Clearing conditions]
Power-on reset or software standby mode
2 TEND 1 R [Setting conditions]
,,,,,,,,,,,,,,,,,,,,,, »__Power-on resetor software standby mode
12.3.9 Bit Rate 335 Table amended
ReQ|Ster (BRR) Operating Frequency P (MHz)
Table 12.6 BRR Logical Bit 4 0
Settings for Various Bit Rate (bit/s) n N ion N :
Rates (Clocked 1000000 o 0o = = :
Synchronous Mode) 2500000 - — ) o* :
@
Table 12.6 BRR 336 Table amended
Settings for Various Bit Operating
Rates (Clocked Frequency Pg
Synchronous Mode) _ (MHz)
(2) Logical Bit .L.
Rate (bit/s) m N H
5000000 0 0*
12.4.4 SCI 344 Figure amended
initialization ‘
(Asynchronous mode) Set PFC of the external pin used | [
SCK, TxD, RxD

Figure 12.5 Sample :

SCl Initialization Set RIE, TIE, TEIE, and MPIE bits 5]
Flowchart Set TE and RE bits in SCR to 1

< Initialization completion>
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Item Page Revision (See Manual for Details)
12.6.1 Clock 357 Description amended
Eight serial clock pulses are output in the transfer of one
character, and when no transfer is performed, the clock is fixed
high. Only in reception, the serial clock is continued generating
until an overrun error is occurred or the RE bit is cleared to O.
To execute reception in one-character units, select an external
clock as a clock source.
12.6.2 SCI 358 Figure amended
initialization (Clocked |
Synchronous mode) Set PFC of the external pin used
. SCK, TxD, RxD [4]
Figure 12.15 Sample I
SClI Initialization Set RIE, TIE, and TEIE bits
Flowchart Set TE and RE bits in SCRto 1 | [°]
I
<Transfer start>
13.3.2 A/D 373 Table amended
Control/Status Initial
Registers Oto?2 Bit Bit Name Value R/W Description
(ADCSR 0to 7 ADF 0 R/(W)*  [Clearing conditions]
A * When 0 is written after reading ADF = 1
ADCSR—Z) * When the DTC is activated by an ADI interrupt and
e ADDR is read WiINElRISERDUNIPIMRICBICED
5 ADM1 0 RIW 10: Setting prohibited
4 ADMO 0 R/IW 11: Setting prohibited
When changing the operating mode, first clear the ADST
bit in the A/D control registers (ADCRs) to 0.
13.3.3 A/D Control 375 Table amended
Registers_0to 2 Initial
(ADCR 0to ADCR 2) Bit Bit Name  Value R/W Description
- - 4 ADST 0 R/W ... In continuous scan mode, A/D conversion is
continuously performed for the selected channels in
sequence until this bit is cleared by a software, reset, or
in software standby mode or module standby mode.
14.2.2 Compare 389 Table amended

Match Timer
Control/Status
Register_0 and
1(CMCSR_0,
CMCSR_1)

Initial
Bit Bit Name Value R/W Description
7 CMF 0 R/(W)*  Compare Match Flag

This flag indicates whether or not the CMCNT and
CMCOR values have matched.

0: CMCNT and CMCOR values have not matched
1: CMCNT and CMCOR values have matched
[Clearing conditions]

* Write 0 to CMF after reading 1 from it

* When the DTC is activated by an CMI interrupt and
data is transferred with the DISEL bit in DTMR of
DTC =0
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Item Page

Revision (See Manual for Details)

15.3.2 Timer Control 402
Register (TCNR)

Description amended

The timer control register (TCNR) controls the enabling or
disabling of interrupt requests, selects the enabling or disabling
of register access, and selects counter operation or halting |.

15.4.1 Sample 413
Setting Procedure

PWM Output
Generation in
Operating Modes:
4. PWM Waveform

Figure 15.5 Example
of PWM Waveform
Generation

Figure replaced

15.7.2 Notes for MMT 424
Operation

Pay Attention to the
Notices Below, When
a Value is Written into
the Timer General
Register U (TGRU),
Timer General
Register V (TGRV),
Timer General
Register W (TGRW),
and in Case of Written
into Free Operation
Address (*):

Newly added

Writing Operation into 424
Timer Period Data

Register (TPDR) and

Timer Dead Time Data
Register (TDDR)

When MMT is

Operating:

Newly added

Notes on Halting 425
TCNT Counter
Operation

Newly added
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Item Page Revision (See Manual for Details)

15.8.5 Usage Note 431 Description amended

1. To set the POE pin as a level-detective pin, a high level
signal must be firstly input to the POE pin.

2. To clear bits POE4F, POES5SF, and POEGF to 0, read the
ICSR2 register. Clear bits, which are read as 1, to 0, and write
1 to the other bits in the register.

16.2 Usage Notes 448 (3) and (4) newly added

18.1 Features 459 Description amended
« Reprogramming capability
— For details, see section 22, Electrical Characteristics
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Item Page

Revision (See Manual for Details)

18.8.3 Interrupt 479
Handling when
Programming/Erasing

Flash Memory

Figure 18.10
Erase/Erase-Verify
Flowchart

Figure amended

*

1

[ SWE bit — 1 |
1

| Wait (Iiﬁmﬂ us |
1

l n1 |
1

Set EBRL and EBR2 *3

[ Enable WDT |
1

[ ESU bit - 1 ]
[

| Wait (tsesu) |
[

| E bit — 1 |
I

[ Wait (tse) |
T

[ E bit — 0 ]
[

[ Wait (tce) |
1

[ ESU bit — 0 |
I

| Wait (tcesu) |

| Disable WDT |

l EV bit - 1 ]

[ Wait ?t§Ev) |

| Set block start address as verify address |
1

| HFF dummy write to verify address |
1

l Wait (tseve) |
1

| Read verify data | *2

| Increment address |

I EV bit — 0 ]

1
[ Wait (tcev) |

[ SWE bit_ 0 |
1

| Wait (tcswe) |

End of erasing
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Item Page

Revision (See Manual for Details)

18.13 Notes on Flash 483 to
Memory Programming 487
and Erasing

Newly added

Section 19 Mask 490
ROM

Description amended

The operating mode is selected using mode-setting pins FWP
and MD3 to MDO as shown in table 3.1. Only the mode 3 is
supported in this LSI. The on-chip ROM is allocated to
addresses H'00000000 to H'0O000FFFF of memory area 0
(SH7148), H'00000000 to H'0001FFFF of memory area 0
(SH7048).

21.3.2 Software 501
Standby Mode

Transition to Software
Standby Mode:

Description amended

However, the contents of the CPU's internal registers and on-
chip RAM data | are retained as long as the specified voltage is
supplied. ...

22.2 DC 508
Characteristics

Table 22.2 DC
Characteristics

Table amended

Item Symbol  Min

Schmitt trigger  TRQ3 to TRQO, Vi (Vi) V=05

input voltage POES6 to POEO, vV (V .
TCLKA to TCLKD, () 03

TIOCOA to TIOCOD, V.=V, 0.4
TIOC1A, TIOC1B,

TIOC2A, TIOC2B,

TIOC3A to TIOC3D,

TIOC4A to TIOC4D

Table 22.3 Permitted 510
Output Current Values

Iltem Symbol  'Max !
Output low-level permissible current b 1110
(total) ! !

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

22.3.9 Port Output 524
Enable (POE) Timing

Table 22.11 Port
Output Enable (POE)

Title amended

Timing

22.4 A/D Converter 527 Table amended

Characteristics Item

Table 22.14 A/D Non-linear error (reference value)
Converter Offset error (reference value)

Characteristics

Full-scale error (reference value)
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Item Page Revision (See Manual for Details)
22.5 Flash Memory 528, Table and notes amended
Characteristics 529 Item Symbol Min  Typ Max Unit Remarks
Table 22 15 Flash Reprogramming count Ny 1007 10000°—  Times Srt:gj:trd
Memory N, — — 100 Times Wide
Characteristics CIEEERIS
range
product
Data retained time ,E‘l“f,,,,,,}pf,g,,,,_,,,,,,,_ yeas
Notes: 7. All characteristics after rewriting are guaranteed up to
this minimum rewriting times
(therefore 1 to min. times).
8. Reference value at 25°C (A rough rewriting target number to
which a rewriting usually functions)
9. Data retention characteristics when rewriting is executed
within the specification values including minimum values.
A.2 Register Bits 547, Table amended
548 Register
Abbreviation Bit 7 Bit6 Bit5 Bit 4 Bit 3 Bit2 Bit1 Bit0 Module
TCSR ‘ovFwmit  tMe 00 ks kst ckso  wer
MstcRi 00 0 0 MSTP27 MsTP26 MSTP25 MSTP24 Power-down
0 ] ] ) MSTP19 MSTP18 [ &) state
MSTCR2 a MSTP14 MSTP13 MSTP12 0O o [n} u]
a MSTP6 MSTPS MSTP4 o [n} [n} MSTPO
MMT TMDR 0 Ckss | Cks1  Ckso | OLSN oS wbi  wDo | wmwT
A.3 Register Statesin 551to  Hardware Standby deleted
Each Operating Mode 556 Table amended and notes added
Register Power-On Manual Software Module
Abbreviation Reset Reset Standby Standby Sleep Module
TCSR initialized  Initialized Initiaized/ O heid  woT
Held™!
TCNT Initialized Initialized  Initialized ] Held
RSTCSR Initialized/ Held Initialized O Held
Held**
Notes: 1. The bits 7 to 5 (OVF, WT/IT, and TME) in TCSR are
initialized and the bits 2 to 0 (CKS2 to CKSO0) are retained.
2. RSTCSR s retained in spite of power-on reset by WDT
overflow.
Appendix B Pin 557, Table amended
States 558 Hardware Standby deleted
Table B.1 Pin States
Appendix D Package 560 Package Code amended and figure replaced

Dimensions

Figure D.1
PRQP0080JD-A
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Section 1 Overview

Section1l Overview

The SH7046 Group single-chip RISC (Reduced Instruction Set Computer) microprocessors
integrate a Renesas-original RISC CPU core with peripheral functions required for system
configuration.

The SH7046 Group CPU has a RISC-type instruction set. Most instructions can be executed in
one state (one system clock cycle), which greatly improves instruction execution speed. In
addition, the 32-hit internal-bus architecture enhances data processing power. With this CPU, it
has become possible to assemble low cost, high performance/high-functioning systems, even for
applications that were previously impossible with microprocessors, such as real-time control,
which demands high speeds.

In addition, the SH7046 Group includes on-chip peripheral functions necessary for system
configuration, such as large-capacity ROM and RAM, timers, a serial communication interface
(SCI), an A/D converter, an interrupt controller (INTC), and /O ports.

There are two versions of on-chip ROM: F-ZTAT™ (Flexible Zero Turn Around Time) that
includes flash memory, and mask ROM. The flash memory can be programmed with a
programmer that supports SH7046 Group programming, and can also be programmed and erased
by software. This enables LSI chip to be re-programmed at a user-site while mounted on a board.

11 Features

e Central processing unit with an internal 32-bit RISC (Reduced Instruction Set Computer)
architecture

O Instruction length: 16-bit fixed length for improved code efficiency
L oad-store architecture (basic operations are executed between registers)
Sixteen 32-bit general registers
Five-stage pipeline
On-chip multiplier; multiplication operations (32 bits x 32 bits - 64 bits) executed in two
to four cycles
O Clanguage-oriented 62 basic instructions
» Various peripheral functions
O Datatransfer controller (DTC)
O Multifunction timer/pulse unit (MTU)
0 Motor management timer(MMT)
O Compare match timer (CMT)

g
O
g
g
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Section 1 Overview

Watchdog timer (WDT)

Asynchronous or clocked synchronous serial communication interface(SCI)
10-bit A/D converter

Clock pulse generator

User break controller (UBC)*

OooOooogod

Note: * Supported only for flash memory version.

*  On-chip memory

ROM Model ROM RAM Remarks
Flash memory HD64F7046 256 kbytes 12 kbytes

Version

Mask ROM HD6437048/ 128 kbytes/ 4 kbytes

Version HD6437148 64 kbytes

« Maximum operating frequency and operating temperature range

Maximum operating
frequency (MHz) (system

clock (@) and peripheral Operating temperature
Model clock (P@) range (°C)
HD64F7046F50/HD6437148F50/ (50, 25) or (40, 40) -20 to +75
HD6437048F50
HD64F7046FW50/HD6437148FW50/ (50, 25) or (40, 40) -40 to +85
HD6437048FW50
e 1/Oports
Model No. of I/O Pins No. of Input-only Pins
HD64F7046/HD6437148/ 42 12
HD6437048
»  Supports various power-down states
e Compact package
Model Package (Code) Body Size Pin Pitch
HD64F7046/HD6437148/ QFP-80 FP-80Q 14.0 X 14.0 mm 0.65 mm

HD6437048
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Section 1 Overview

1.2 Internal Block Diagram

/IRQ1/POE6/SCK3

[4—> PB2/IRQ0O/POED

[¢—> PA11/ADTRG/SCK3
[4—> PA10/SCK2

[4—> PA15/POE6

[¢—> PA14/POE5

[¢—> PA13/POE4

[¢—> PA1/POE1/TXD2

PAO/POEO/RXD2

[¢—> PB5/IRQ3/POE3

[4—> PB4/IRQ2/POE2

[¢—> PB3/IRQ1/POE1

[4—> PA8/TCLKC/IRQ2/RXD3
[¢— PA7/TCLKB/TXD2

[¢—> PA9/TCLKD/IRQ3/TXD3
— [4—> PAB/TCLKA/RXD2

l—>» PA12/UBCTRG
[¢— PA4/POE5/TXD3
[¢—> PA3/POE4/RXD3
[4—> PA2/RQO/PCIO/SCK2

[ PA5,
[—>

REs —— |
WDTOVF ¢+—
MD3 —»
MD2 —»
MD1I —»
MDO —»

il

0\
— /|
A
N

NI — Flash ROM/mask ROM RAM
EXTAL —»

XTAL —»,
PLLVcL
PLLCAP
PLLVss

FWP* —>

VeL —»
Vel —»
Vee —»
Vee — User
Vee —> égﬁ:&li; " E.T,E:T;. Bus state controller
Vss — p N N
Vss —»

Vss — Serial F;om;numcatlon L Multifunction timer
interface P pulse unit

Vss —» @ (x2 channels) @

AVce —»

Avee ’ Compare match N hd
AVss —>» timer H D Watchdog
converter [ timer

AVss —» @ (x2 channels) @

Motor management
timer
(x1 channel)

PLL

)
1

-

PE13/TIOC4B/MRES +—»

PF9/AN9 ——» N

PF8/AN8 —»

PG3/AN19 —»
PG2/AN18 —»
PG1/AN17 —
PGO/AN16 —»
PF15/AN15 —
PF14/AN14 —»
PF13/AN13 ——»
PF12/AN12 —»
PF11/AN11 ——»
PF10/AN10 ——»
PE19/PUOB +—»
PE18/PWOA +—
PE9/TIOC3B +—»

PE17/PVOA +—»
PE16/PUOA/UBCTRG +—»
PES8/TIOC3A/SCK2 +—»
PE7/TIOC2B/RXD2 4—»
PE6/TIOC2A/SCK3 +—
PE5/TIOC1B/TXD3 4——»
PE4/TIOC1A/RXD3 4—»

PE15/TIOC4D/IRQOUT +—
PE3/TIOCOD «—

PE21/PWOB +—>
PE20/PVOB 4+—
PE2/TIOCOC 4+—
PEL/TIOCOB +——»
PEO/TIOCOA 4—>

D: Peripheral address bus (12 bits)
m: Peripheral data bus (16 bits)

(D : Internal address bus (32 bits)
: Internal upper data bus (16 bits)
: Internal lower data bus (16 bits)

PE14/TIOC4C +—
PE12/TIOC4A —>
PE11/TIOC3D +—»

PE10/TIOC3C/TXD2 4—

Note: * F-ZTAT version only

Figurel1l.1l Internal Block Diagram of SH7046
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Section 1 Overview

Pin Arrangement
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Note: * For the mask ROM version, connect this pin to Vcc.

Figurel1l.2 SH7046 Pin Arrangement
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Section 1 Overview

1.4 Pin Functions

Type Symbol I/O Name Function

Power VCC Input Power supply  Power supply pins. Connect all these pins

Supply to the system power supply. The chip does
not operate normally when some of these
pins are open.

VSS Input Ground Ground pins. Connect all these pins to the
system power supply (0 V). The chip does
not operate normally when some of these
pins are open.

VCL Output  Power supply External capacitance pins for internal

for internal power-down power supply. Connect this

power-down pins to VSS via a 0.47 pF (-10%/+100%)
capacitor (placed close to the pin).

Clock PLLVCL Output  Power supply External capacitance pin for internal

for PLL power-down power supply for an on-chip
PLL oscillator. Connect this pin to PLLVSS
via a 0.47 uF (-10%/+100%) capacitor
(placed close to the pin).

PLLVSS Input Ground for On-chip PLL oscillator ground pin.

PLL

PLLCAP Input Capacitance  External capacitance pin for an on-chip

for PLL PLL oscillator.

EXTAL Input External clock 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 4, Clock Pulse
Generator.

XTAL Input Crystal For connection to a crystal resonator. For

examples of crystal resonator connection
and external clock input, see section 4,
Clock Pulse Generator.
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Section 1 Overview

Type Symbol I/O Name Function

Operating MD3 Input Set the mode Set the operating mode. Inputs at these

mode MD2 pins should not be changed during

control MD1 operation.
MDO
FWP Input Protection Pin for the flash memory. This pin is only
against write  used in the flash memory version. Writing
operation into  or erasing of flash memory can be
Flash memory protected. This pin becomes the Vcc pin
for the mask ROM version.
System RE Input Power on When this pin is driven low, the chip
control reset becomes to power on reset state.
MRES Input Manual reset  When this pin is driven low, the chip
becomes to manual reset state.
WDTOVF Output  Watchdog Output signal for the watchdog timer
timer overflow overflow. If this pin need to be pulled-
down, use the resistor larger than 1 MQ to
pull the pin down.

Interrupts NMI Input Non- Non-maskable interrupt pin. If this pin is
maskable not used, it should be fixed high.
interrupt

IRQ3 Input Interrupt These pins request a maskable interrupt.
IRQ2 request 3to 0 One of the level input or edge input can be
IRQ1 selected. In case of the edge input, one of
IRQO the rising edge, falling edge, or both can
be selected.
TRQOUT Output  Interrupt Shows that an interrupt cause has
request output occurred.

Multi TCLKA Input External clock These pins input an external clock.

function TCLKB input for MTU

timer-pulse  TCLKC timer

unit (MTU)  TCLKD

TIOCOA Input/ MTU input The TGRA_0 to TGRD_O input capture
TIOCOB Output  capture/output input/output compare output/PWM output
TIOCOC compare pins.
TIOCOD (channel 0)
TIOC1A Input/ MTU input The TGRA_1 to TGRB_1 input capture
TIOC1B Output  capture/output input/output compare output/PWM output
compare pins.
(channel 1)
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Section 1 Overview

Type Symbol I/O Name Function
Multi TIOC2A Input/ MTU input The TGRA_2 to TGRB_2 input capture
function TIOC2B Output  capture/output input/output compare output/PWM output
timer-pulse compare pins.
unit (MTU) (channel 2)
TIOC3A Input/ MTU input The TGRA_3 to TGRD_3 input capture
TIOC3B Output  capture/output input/output compare output/PWM output
TIOC3C compare pins.
TIOC3D (channel 3)
TIOC4A Input/ MTU input The TGRA_4 to TGRD_4 input capture
TIOC4B Output  capture/output input/output compare output/PWM output
TIOC4C compare pins.
TIOC4D (channel 4)
Serial com- TxD2 Output  Transmitted Data output pins.
munication  TxD3 data
Interface RxD2 Input Received data Data input pins.
(SCh RxD3
SCK2 Input/ Serial clock Clock input/output pins.
SCK3 Output
Motor PUOA Output  U-phase of U-phase output pin for 6-phase non-
managemen PWM overlap PWM waveforms.
t timer PUOB Output  U-phase of U-phase output pin for 6-phase non-
(MMT) PWM overlap PWM waveforms.
PVOA Output  V-phase of V-phase output pin for 6-phase non-
PWM overlap PWM waveforms.
PVOB Output  V-phase of V-phase output pin for 6-phase non-
PWM overlap PWM waveforms.
PWOA Output  W-phase of W-phase output pin for 6-phase non-
PWM overlap PWM waveforms.
PWOB Output W-phase of  W-phase output pin for 6-phase non-
PWM overlap PWM waveforms.
PCIO Input/ PWM control  Counter clear input pin by external input
Output or output pin for toggle synchronized with
PWM period.
Output POES6 to Input Port output Input pins for the signal to request the
control for POEO control output pins of MTU or MMT to become
MTU and high impedance state.
MMT
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Section 1 Overview

Type Symbol I/O Name Function
A/D AN19 to AN8 Input Analog input  Analog input pins.
converter pins
ADTRG Input Input of Pin for input of an external trigger to start
trigger for A/D  A/D conversion
conversion
AVCC Input Analog power Power supply pin for the A/D converter.
supply When the A/D converter is not used,
connect this pin to the system power
supply (+5 V). Connect all AVCC pins to
the power supply. The chip does not
operate normally when some of these
pins are open.
AVSS Input Analog The ground pin for the A/D converter.
ground Connect this pin to the system power
supply (0 V). Connect all AVSS pins to
the system power supply The chip does
not operate normally when some of these
pins are open.
1/0 ports PA15 to PAO Input/ General 16-bits general purpose input/output pins

Output  purpose port

PB5to PB2 Input/ General 4-bits general purpose input/output pins.
Output  purpose port

PE21 to PEO Input/ General 22-bits general purpose input/output
Output  purpose port  pins.

PF15to PF8 Input

General
purpose port

8-bits general purpose input pins.

PG3to PGO Input

General
purpose port

4-bits general purpose input pins.

User break  UBCTRG Output
controller

(UBC)

(flash

version only)

User break
trigger output

UBC condition match trigger output pin.
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Section 2 CPU

Section2 CPU

2.1 Features

» General-register architecture

O Sixteen 32-bit general registers
e Sixty-two basic instructions
e Eleven addressing modes
Register direct [Rn]
Register indirect [@Rn]
Register indirect with post-increment [ @Rn+]
Register indirect with pre-decrement [ @-Rn]
Register indirect with displacement [ @disp:4,Rn]
Register indirect with index [ @RO0, Rn]
GBR indirect with displacement [@disp:8,GBR]
GBR indirect with index [ @R0,GBR]
Program-counter relative with displacement [ @disp:8,PC]
Program-counter relative [disp:8/disp:12/Rn]
Immediate [#imm:8]

Oooooooooogogo

2.2 Register Configuration

The register set consists of sixteen 32-bit general registers, three 32-hit control registers, and four
32-hit system registers.

221 General Registers(Rn)

The sixteen 32-bit general registers (Rn) are numbered RO-R15. General registers are used for
data processing and address calculation. RO is also used as an index register. Several instructions
have RO fixed as their only usable register. R15 is used as the hardware stack pointer (SP). Saving
and recovering the status register (SR) and program counter (PC) in exception processing is
accomplished by referencing the stack using R15.
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Section 2 CPU

General registers (Rn)
31 0

RO™1

R1

R2

R3

R4

R5

R6
R7

R8
R9
R10
R11
R12
R13

R14
R15, SP (hardware stack pointer)2

Status register (SR)
31 9876543210

[---ooooeee M QI3 121110 -~ S T|

Global base register (GBR)
31 0

| GBR |

Vector base register (VBR)
31 0

I VBR I

Multiply-accumulate register (MAC)
31 0

MACH
MACL

Procedure register (PR)
31 0

I PR |

Program counter (PC)
31 0

I PC |

Notes: 1. RO functions as an index register in the indirect indexed register addressing mode and indirect indexed GBR
addressing mode. In some instructions, RO functions as a fixed source register or destination register.
2. R15 functions as a hardware stack pointer (SP) during exception processing.

Figure2.1 CPU Internal Registers
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Section 2 CPU

222 Control Registers

The control registers consist of three 32-hit registers: status register (SR), global base register
(GBR), and vector base register (VBR). The status register indicates processing states. The global
base register functions as a base address for the indirect GBR addressing mode to transfer data to
the registers of on-chip peripheral modules. The vector base register functions as the base address
of the exception processing vector area (including interrupts).

Status Register (SR):

Initial
Bit Bit Name Value R/W Description
3lto O All 0 R/W Reserved
10 These bits are always read as 0. The write value
should always be 0.
9 M Undefined R/W Used by the DIVOU, DIVOS, and DIV1 instructions.
8 Q Undefined R/W Used by the DIVOU, DIVOS, and DIV1 instructions.
7t04 13tol0 All'1 R/W Interrupt mask bits.
3,2 O All 0 R/W Reserved
These bits are always read as 0. The write value
should always be 0.
1 S Undefined R/W S bit
Used by the MAC instruction.
0 T Undefined R/W T bit

The MOVT, CMP/cond, TAS, TST, BT (BT/S), BF
(BF/S), SETT, and CLRT instructions use the T bit to
indicate true (1) or false (0).

The ADDV, ADDC, SUBYV, SUBC, DIVOU, DIVOS,
DIV1, NEGC, SHAR, SHAL, SHLR, SHLL, ROTR,
ROTL, ROTCR, and ROTCL instructions also use the
T bit to indicate carry/borrow or overflow/underflow.

Global Base Register (GBR): Indicates the base address of the indirect GBR addressing mode.
Theindirect GBR addressing mode is used in data transfer for on-chip peripheral modules register
areas and in logic operations.

Vector Base Register (VBR): Indicates the base address of the exception processing vector area.
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223 System Registers

System registers consist of four 32-bit registers: high and low multiply and accumulate registers
(MACH and MACL), the procedure register (PR), and the program counter (PC).

Multiply-and-Accumulate Registers (MAC): Registersto store the results of multiply-and-

accumulate operations.

Procedure Register (PR): Registersto store the return address from a subroutine procedure.

Program Counter (PC): Registersto indicate the sum of current instruction addresses and four,
that is, the address of the second instruction after the current instruction.

224 Initial Values of Registers

Table 2.1 lists the values of the registers after reset.

Table2.1 Initial Valuesof Registers

Classification Register Initial Value
General registers RO-R14 Undefined
R15 (SP) Value of the stack pointer in the vector
address table
Control registers SR Bits 13—10 are 1111 (H'F), reserved bits are
0, and other bits are undefined
GBR Undefined
VBR H'00000000
System registers MACH, MACL, PR Undefined
PC Value of the program counter in the vector

address table
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2.3 Data Formats

231 Data Format in Registers

Register operands are aways longwords (32 bits). If the size of memory operand is a byte (8 bits)
or aword (16 bits), it is changed into alongword by expanding the sign-part when loaded into a
register.

31 0
Longword

Figure2.2 Data Format in Registers

232 Data Formatsin Memory

Memory data formats are classified into bytes, words, and longwords. Byte data can be accessed
from any address. L ocate, however, word data at an address 2n, longword data at 4n. Otherwise,
an address error will occur if an attempt is made to access word data starting from an address other
than 2n or longword data starting from an address other than 4n. In such cases, the data accessed
cannot be guaranteed. The hardware stack area, pointed by the hardware stack pointer (SP, R15),
uses only longword data starting from address 4n because this area hol ds the program counter and
status register.

Address m + 1 Address m + 3
Address m Address m + 2
31 23 15 l 7 0]
Byte | Byte Byte | Byte
Address 2n —» Word Word

Address 4n —» Longword

Figure2.3 Data Formatsin Memory
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2.3.3 Immediate Data For mat

Byte (8 hit) immediate data resides in an instruction code. Immediate data accessed by the MOV,
ADD, and CMP/EQ instructionsiis sign-extended and handled in registers as longword data.
Immediate data accessed by the TST, AND, OR, and XOR instructions is zero-extended and
handled as longword data. Consequently, AND instructions with immediate data always clear the
upper 24 bits of the destination register.

Word or longword immediate data is not located in the instruction code, but instead is stored in a
memory table. An immediate data transfer instruction (MOV) accesses the memory table using the
PC relative addressing mode with displacement.

24 I nstruction Features

241 RISC-Type Instruction Set
All instructions are RISC type. This section details their functions.
16-Bit Fixed Length: All instructions are 16 bits long, increasing program code efficiency.

Onelnstruction per State: The microprocessor can execute basic instructionsin one state using
the pipeline system. One stateis 25 nsat 40 MHz.

Data L ength: Longword is the standard data length for all operations. Memory can be accessed in
bytes, words, or longwords. Byte or word data accessed from memory is sign-extended and
handled as longword data. Immediate data is sign-extended for arithmetic operations or zero-
extended for logic operations. It also is handled as longword data.

Table2.2 Sign Extension of Word Data

CPU of This LSI Description Example of Conventional CPU
MOV. W @disp, PC), Rl Data is sign-extended to 32 ADD. W #H 1234, RO
ADD RL, RO bits, and R1 becomes

H'00001234. It is next operated
--------- upon by an ADD instruction.
.DATA. W H 1234

Note: @(disp, PC) accesses the immediate data.
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Load-Store Architecture: Basic operations are executed between registers. For operations that
involve memory access, datais loaded to the registers and executed (load-store architecture).
Instructions such as AND that manipulate bits, however, are executed directly in memory.

Delayed Branch Instructions: Unconditional branch instructions are delayed branch instructions.
With a delayed branch instruction, the branch is taken after execution of the instruction following
the delayed branch instruction. This reduces the disturbance of the pipeline control in case of
branch instructions. There are two types of conditional branch instructions: delayed branch
instructions and ordinary branch instructions.

Table2.3 Delayed Branch Instructions

CPU of This LSI Description Example of Conventional CPU
BRA TRGET Executes the ADD before ADD. W R1, RO
ADD Rl RO branching to TRGET. BRA TRCET

Multiply/Multiply-and-Accumulate Operations: 16-bit x 16-bit — 32-bit multiply operations
are executed in one to two states. 16-bit x 16-bit + 64-bit — 64-bit multiply-and-accumulate
operations are executed in two to three states. 32-bit x 32-bit - 64-bit multiply and 32-bit x 32-hit
+ 64-bit — 64-bit multiply-and-accumulate operations are executed in two to four states.

T Bit: The T bit in the status register changes according to the result of the comparison. Whether a
conditional branch istaken or not taken depends upon the T bit condition (true/false). The number
of instructions that change the T hit is kept to a minimum to improve the processing speed.

Table2.4 T Bit

CPU of This LSI Description Example of Conventional CPU
CwWP/ GE R1, RO T bit is set when RO = R1. The CVP. W R1, RO
BT TRGETO program branches to TRGETO BGE TRGETO
when RO = R1 and to TRGET1
BF TRGET1 when RO < R1. BLT TRGET1
ADD #-1, RO T bit is not changed by ADD. SUB. W #1, RO
CVWP/EQ  #0, RO T bit is set when RO = 0. The BEQ TRGET

program branches if RO = 0.
BT TRGET
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Immediate Data: Byte (8-hit) immediate datais located in an instruction code. Word or longword
immediate datais not located in instruction codes but in a memory table. An immediate data
transfer instruction (MOV) accesses the memory table using the PC relative addressing mode with
displacement.

Table25 Immediate Data Accessing

Classification CPU of This LSI Example of Conventional CPU
8-bit immediate MoV #H 12, RO MOV. B #H 12, RO
16-bit immediate MOV. W @di sp, PC), RO MOV. W #H 1234, RO

. DATA. W H 1234
32-bit immediate MOV. L @disp, PO, RO MOV. L #H 12345678, RO

. DATA. L H 12345678
Note: @(disp, PC) accesses the immediate data.

Absolute Address; When datais accessed by absolute address, the value in the absolute addressis
placed in the memory table in advance. That valueis transferred to the register by loading the
immediate data during the execution of the instruction, and the data is accessed in the indirect
register addressing mode.

Table2.6  Absolute Address Accessing

Classification CPU of This LSI Example of Conventional CPU
Absolute address MOV. L @disp, PO), RL MOV. B @H 12345678, RO
MOV. B @R1, RO

. DATA. L H 12345678
Note: @(disp,PC) accesses the immediate data.
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16-Bit/32-Bit Displacement: When datais accessed by 16-bit or 32-hit displacement, the
displacement value is placed in the memory table in advance. That value istransferred to the
register by loading the immediate data during the execution of the instruction, and the datais
accessed in the indirect indexed register addressing mode.

Table2.7 Displacement Accessing

Classification CPU of This LSI Example of Conventional CPU
16-bit displacement MoV. W @di sp, PC), RO MV. W @H 1234, R1), R2
MOV. W @RO,Rl),R2

.DATA.W H 1234
Note: @(disp,PC) accesses the immediate data.

24.2 Addressing M odes
Table 2.8 describes addressing modes and effective address cal culation.

Table2.8 Addressing Modes and Effective Addresses

Addressing Instruction
Mode Format Effective Address Calculation Equation
Direct register Rn The effective address is register Rn. (The operand [
addressing is the contents of register Rn.)
Indirect register @Rn The effective address is the contents of register Rn. Rn
addressing

__Rn |
Post-increment @+ The effective address is the contents of register Rn. Rn
indirect register A constant is added to the content of Rn after the (After the
addressing instruction is executed. 1 is added for a byte instruction

operation, 2 for a word operation, and 4 for a
longword operation.
Byte:

M B B
®

executes)

Word:
Rn+2 - Rn

1/2/4 Longword:
Rn+4 5 Rn
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Addressing Instruction

Mode Format Effective Address Calculation Equation

Pre-decrement @ Rn The effective address is the value obtained by Byte:

indirect register subtracting a constant from Rn. 1 is subtracted for Rn-1 - Rn

addressing a byte operation, 2 for a word operation, and 4 for Word:

a longword operation. Rh—2 _ Rn

Longword:
Rn-4 - Rn

Rn - 1/2/4

(Instruction is
executed with
Rn after this
calculation)

Indirect register @ di sp: 4, The effective address is the sum of Rn and a 4-bit  Byte:

addressing with Rn) displacement (disp). The value of disp is zero- Rn + disp
displacement extended, and remains unchanged for a byte Word:
operation, is doubled for a word operation, and is Rn + disp x 2
quadrupled for a longword operation.
Longword:
Rn + disp x 4
disp Rn + disp x 1/2/4
(zero-extended)
Indirect @ RO, Rn) The effective address is the sum of Rn and RO. Rn + RO

indexed

register

wadessmg | Rn+RO
(+) Rn + RO
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Addressing Instruction

Mode Format Effective Address Calculation Equation

Indirect GBR @ di sp: 8, The effective address is the sum of GBR value and Byte:

addressing with GBR) an 8-bit displacement (disp). The value of disp is GBR + disp

displacement zero-extended, and remains unchanged for abyte o,
operation, is doubled for a word operation, and is GBR + disp x
quadrupled for a longword operation. 2

Longword:
GBR + disp x
disp ~GBR 4

(zero-extended) + disp x 1/2/4

Indirect @ RO, The effective address is the sum of GBR value and GBR + R0

indexed GBR GBR) RO.

addressing

Indirect PC @ di sp: 8, The effective address is the sum of PC value and Word:

addressing with PC) an 8-bit displacement (disp). The value of disp is PC + disp x 2

displacement zero-extended, and is doubled for a word operation, Longword:
and quadrupled for a longword operation. For a PC &
longword operation, the lowest two bits of the PC H'EFEEEFEC
value are masked. + disp x 4

H'FFFFFFFC

disp
(zero-extended)

@ (for longword)

PC + disp x 2

or

PC & HFFFFFFFC

+ disp x 4
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Instruction
Format

Addressing
Mode

Effective Address Calculation Equation

PC relative
addressing

disp: 8

The effective address is the sum of PC value and
the value that is obtained by doubling the sign-
extended 8-bit displacement (disp).

PC + disp x 2

disp
(sign-extended)

PC + disp x 2

disp: 12

The effective address is the sum of PC value and
the value that is obtained by doubling the sign-
extended 12-bit displacement (disp).

PC + disp x 2

disp
(sign-extended)

PC + disp x 2

The effective address is the sum of the register PC  PC + Rn
and Rn.

Immediate #imm 8

addressing

The 8-bit immediate data (imm) for the TST, AND, O
OR, and XOR instructions is zero-extended.

#imm 8

The 8-bit immediate data (imm) for the MOV, ADD, 0O
and CMP/EQ instructions is sign-extended.

#imm 8

The 8-bit immediate data (imm) for the TRAPA g
instruction is zero-extended and then quadrupled.
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243

Instruction For mat

The instruction formats and the meaning of source and destination operand are described below.
The meaning of the operand depends on the instruction code. The symbols used are as follows:

* XxxxX: Instruction code
e mmmm: Source register
¢ nnnn: Destination register

e iiii: Immediate data
e dddd: Displacement

Table2.9 Instruction Formats
Source Destination
Instruction Formats Operand Operand Example
0 format ad NOP
15
| XXXX  XXXX  XXXX  XXXX
n format a nnnn: Direct MOVT  Rn
15 register
| XXXX | nnnn | XXXX  XXXX Control register or  nnnn: Direct STS MACH, Rn
system register register

Control register or
system register

nnnn: Indirect pre-
decrement register

STC.L SR @Rn

m format
15

mmmm: Direct
register

Control register or
system register

LDC Rm SR

| XXXX |nwnnnn| XXXX

XXXX

mmmm: Indirect
post-increment
register

Control register or
system register

LDC. L @mt, SR

mmmm: Indirect 0 JWP @Rm
register
mmmm: PC a BRAF Rm

relative using Rm
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Source Destination
Instruction Formats Operand Operand Example
nm format mmmm: Direct nnnn: Direct ADD Rm Rn
15 register register
| XXX | nnnn |mmmm| XXX | mmmm; Direct nnnn: Indirect MOV. L Rm @Rn
register register
mmmm: Indirect MACH, MACL MAC. W
post-increment @Rm+, @Rn+
register (multiply-
and-accumulate)
nnnn*: Indirect
post-increment
register (multiply-
and-accumulate)
mmmm: Indirect nnnn: Direct MOV.L @Rm+, Rn
post-increment register

register

mmmm: Direct

nnnn: Indirect pre-

MOV.L Rm @Rn

register decrement
register

mmmm: Direct nnnn: Indirect MOV. L

register indexed register Rm @ RO, Rn)
md format mmmmdddd: RO (Direct MOV. B
15 0 Indirect register register) @ disp, Rn), RO
| XXXX  XXXX |mmmm| dddd | with displacement
nd4 format RO (Direct register) nnnndddd: MOV. B
15 0 Indirect register RO, @ di sp, Rn)
| XXXX | XXXX | nnnn| dddd | with displacement
nmd format mmmm: Direct nnnndddd: Indirect MOV. L
15 register register with Rm @ di sp, Rn)
| XXXX | nnnn |mmmm| dddd | displacement

mmmmdddd: nnnn: Direct MOV. L

Indirect register register @ di sp, R, Rn

with displacement
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Source Destination
Instruction Formats Operand Operand Example
d format dddddddd: Indirect RO (Direct register) MOV. L
15 o GBRwith @di sp, GBR), RO
XXXX  XXxX | dddd dddd displacement
RO (Direct register) dddddddd: Indirect MOV. L
GBR with RO, @ di sp, GBR)
displacement
dddddddd: PC RO (Direct register) MOVA
relative with @ disp, PO), RO
displacement
ad dddddddd: PC BF | abel
relative
d12 format ad dddddddddddd: BRA | abel
15 0 PC relative (1abel = disp
| %o | dddd  dddd  dddd + PO
nd8 format dddddddd: PC nnnn: Direct MOV. L
15 0 relative with register @ disp, PC), Rn
[ 000 [ nnnn [ dddd  daga | iSPlacement
i format iiiiiiii: Immediate Indirect indexed AND. B
15 0 GBR #i mm @ RO, GBR)
| XXXX  XXXX | piii diii iiiiiiii: Immediate RO (Direct register) AND #i nm RO
iiiiiiii: Immediate ad TRAPA  #i mm
ni format iiiiiiii: Immediate nnnn: Direct ADD #i mm Rn
15 0 register
|xxxx|nnnn| P i
Note: * In multiply-and-accumulate instructions, nnnn is the source register.
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25 I nstruction Set

251 Instruction Set by Classification
Table 2.10 lists the instructions according to their classification.

Table2.10 Classfication of Instructions

Operation No. of
Classification Types Code Function Instructions
Data transfer 5 MOV Data transfer, immediate data transfer, 39

peripheral module data transfer, structure
data transfer

MOVA Effective address transfer
MOVT T bit transfer
SWAP Swap of upper and lower bytes
XTRCT Extraction of the middle of registers
connected
Arithmetic 21 ADD Binary addition 33
operations ADDC Binary addition with carry
ADDV Binary addition with overflow check
CMP/cond Comparison
DIV1 Division
DIVOS Initialization of signed division
DIVoU Initialization of unsigned division

DMULS Signed double-length multiplication

DMULU Unsigned double-length multiplication

DT Decrement and test

EXTS Sign extension

EXTU Zero extension

MAC Multiply-and-accumulate, double-length
multiply-and-accumulate operation

MUL Double-length multiply operation

MULS Signed multiplication

MULU Unsigned multiplication

NEG Negation
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Operation No. of
Classification Types Code Function Instructions
Arithmetic 21 NEGC Negation with borrow 33
operations SUB Binary subtraction

SUBC Binary subtraction with borrow

SUBV Binary subtraction with underflow
Logic 6 AND Logical AND 14
operations NOT Bit inversion

OR Logical OR

TAS Memory test and bit set

TST Logical AND and T bit set

XOR Exclusive OR
Shift 10 ROTL One-bit left rotation 14

ROTR One-bit right rotation

ROTCL One-bit left rotation with T bit

ROTCR One-bit right rotation with T bit

SHAL One-bit arithmetic left shift

SHAR One-bit arithmetic right shift

SHLL One-bit logical left shift

SHLLn n-bit logical left shift

SHLR One-bit logical right shift

SHLRn n-bit logical right shift
Branch 9 BF Conditional branch, conditional branch 11

with delay (Branch when T = 0)
BT Conditional branch, conditional branch
with delay (Branch when T = 1)

BRA Unconditional branch

BRAF Unconditional branch

BSR Branch to subroutine procedure

BSRF Branch to subroutine procedure

JMP Unconditional branch

JSR Branch to subroutine procedure

RTS Return from subroutine procedure

Rev. 4.00 Dec 05, 2005 page 25 of 564

RENESAS

REJ09B0270-0400



Section 2 CPU

Operation No. of
Classification Types Code Function Instructions
System 11 CLRT T bit clear 31
control CLRMAC  MAC register clear

LDC Load to control register

LDS Load to system register

NOP No operation

RTE Return from exception processing

SETT T bit set

SLEEP Transition to power-down mode

STC Store control register data

STS Store system register data

TRAPA Trap exception handling

Total: 62 142

The table below shows the format of instruction codes, operation, and execution states. They are
described by using this format according to their classification.
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Instruction Code For mat

Item

Format

Explanation

Instruction

Described in mnemonic.

OP. Sz SRC, DEST

OP: Operation code
Sz: Size

SRC: Source

DEST: Destination

Rm: Source register
Rn: Destination register
imm: Immediate data
disp: Displacement*?

Instruction
code

Described in MSB -
LSB order

mmmm: Source register
nnnn: Destination register
0000: RO
0001: R1
O
O
O
1111: R15
iiii: Immediate data
dddd: Displacement

Outline of the

Direction of transfer

Operation (xx) Memory operand

M/IQIT Flag bits in the SR

& Logical AND of each bit

| Logical OR of each bit

n Exclusive OR of each bit

~ Logical NOT of each hit

<<n n-bit left shift

>>n n-bit right shift
Execution O Value when no wait states are inserted™”
states
T bit O Value of T bit after instruction is executed.

An em-dash (O) in the column means no change.

Notes: 1. Instruction execution states: The execution states shown in the table are minimums.

The actual number of states may be increased when (1) contention occurs between
instruction fetches and data access, or (2) when the destination register of the load
instruction (memory - register) equals to the register used by the next instruction.

2. Depending on the operand size, displacement is scaled by x1, x2, or x4. For details,
refer the SH-1/SH-2/SH-DSP Programming Manual.
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Data Transfer Instructions

Execution

Instruction Instruction Code Operation States T Bit

MOV #i mm Rn 1110nnnniiiiiiii #imm - Sign extension - 1 0
Rn

MV. W @disp, PC), Rn  1001nnnndddddddd (disp x2 + PC) - Sign 1 O
extension - Rn

MV.L @disp, PC,Rn 1101nnnndddddddd (disp x4 + PC) - Rn 1 O

%o Rm Rn 0110nnnnmmm0011 Rm - Rn 1 a

MOV. B Rm @rn 0010nnnnmmMmD000 Rm - (Rn) 1 O

MOV. W Rm @Rn 0010nnnnmmmD001 Rm - (Rn) 1 O

MOV.L Rm @rn 0010nnnnmmMmD010 Rm - (Rn) 1 O

MV. B @Rm Rn 0110nnnnmmMmD000 (Rm) - Sign extension —» 1 O
Rn

MOV. W @m Rn 0110nnnnmmm©D001 (Rm) - Sign extension —» 1 O
Rn

MV.L @Rm Rn 0110nnnnmmmD010 (Rm) - Rn 1 O

MOV. B Rm @-Rn 0010nnnnmmMmOD100 Rn-1 - Rn, Rm - (Rn) 1 O

MOV. W Rm @-Rn 0010nnnnmmmmD101 Rn-2 - Rn,Rm - (Rn) 1 O

MOV.L Rm @-Rn 0010nnnnmmMmOD110 Rn-4 - Rn,Rm - (Rn) 1 O

MOV. B @Rm+, Rn 0110nnnnmmMmOD100 (Rm) - Sign extension —» 1 O
Rn,Rm+1 - Rm

MOV. W @mt, Rn 0110nnnnmmm®0101 (Rm) - Sign extension - 1 O
Rn,Rm +2 - Rm

MOV. L @Rm+, Rn 0110nnnnmmmm®O110 (Rm) - Rn,Rm+4 - Rm 1 O

MOV. B RO, @di sp, Rn) 10000000nnnndddd RO - (disp + Rn) 1 O

MOV. W RO, @di sp, Rn) 10000001nnnndddd RO - (disp x2 + Rn) 1 O

MOV.L Rm @disp, Rn) 0001lnnnnnmmmdddd Rm - (disp x4 + Rn) 1 O

MWV.B @disp, R, R0 10000100mmmudddd (disp + Rm) - Sign 1 O
extension - RO

MV. W @disp, R, R0 10000101nmmmdddd (disp x2 + Rm) - Sign 1 O
extension - RO

MOV.L @disp, R, Rn 0101lnnnnnmmmdddd (disp x4 + Rm) —» Rn 1

M. B Rm @ RO, Rn) 0000nnNnnNMmMMO100 Rm - (RO + Rn) 1 O

MOV. W Rm @ RO, Rn) 0000nnnnmMmMMO101 Rm - (RO + Rn) 1 O
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Execution

Instruction Instruction Code Operation States T Bit

MOV.L Rm @ RO, Rn) 0000nnnnmMMMD110 Rm - (RO + Rn) 1 O

MV.B @RO, RM, Rn 0o00OnnnnmmmL100 (RO + Rm) - Sign 1 O
extension - Rn

MV. W @RO, Rm, Rn 0ooOnnnnmmm1101 (RO + Rm) - Sign 1 O
extension - Rn

MWV.L @RO, Rm, Rn 0000nnnnmmMmM1110 (RO + Rm) - Rn 1 O

MOV. B RO, @di sp, GBR) 11000000dddddddd RO - (disp + GBR) 1 O

MOV. W RO, @di sp, GBR) 11000001dddddddd RO - (disp x2 + GBR) 1 O

MOV.L RO, @di sp, GBR) 11000010dddddddd RO - (disp x4 + GBR) 1 O

MOV.B @di sp, GBR), RO 11000100dddddddd (disp + GBR) - Sign 1 O
extension —» RO

MV. W @di sp, GBBR), RO 11000101dddddddd (disp x2 + GBR) - Sign 1 O
extension - RO

MOV.L @disp, GBR), RO 11000110dddddddd (disp x4 + GBR) - RO 1 O

MOVA  @disp, PC), R0 11000111dddddddd disp x4 +PC - RO 1 O

MVT  Rn 0000nnnNn00101001 T - Rn 1 u

SWAP. B Rm Rn 0110nnnnmmmi1000 Rm - Swap bottomtwo 1 O
bytes - Rn

SWAP. WRm Rn 0110nnnnnmm 001 Rm - Swap two 1 u
consecutive words - Rn

XTRCT Rm Rn 0010nnnnmmmmiL101 Rm: Middle 32 bits of 1 O

Rn - Rn
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Arithmetic Operation Instructions

Execution
Instruction Instruction Code Operation States T Bit
ADD Rm Rn 001lnnnnmmmi1100 Rn+Rm - Rn 1 0
ADD #i mm Rn 011lnnnniiiiiiii Rn+imm - Rn 1 a
ADDC Rm Rn 001lnnnnmmm1110 Rn+Rm+ T - Rn, 1 Carry
Carry - T
ADDV Rm Rn 0011lnnnnmmmilll Rn+Rm - Rn, 1 Overflow
Overflow - T
CWP/ EQ #imm RO 10001000iiiiiiii HRO=imm,1 5T 1 Comparison
result
CWP/ EQ Rm Rn 0011nnnnmmMmO000 IfRN=Rm,1 - T 1 Comparison
result
CVWP/HS Rm Rn 0011nnnnmmmm0010 If Rn = Rm with 1 Comparison
unsigned data, 1 - T result
CW/ CE Rm Rn 0011nnnnmmm©0011 If Rn = Rm with signed 1 Comparison
data,1 - T result
CW/ H RmRn 0011nnnnmmmOD110 If Rn > Rm with 1 Comparison
unsigned data, 1 - T result
CW/ GT Rm Rn 0011nnnnmmmO0111 If Rn > Rm with signed 1 Comparison
data,1 - T result
CWP/PL Rn 0100nnnn00010101 IfRN>0,1 - T 1 Comparison
result
CW/ PZ Rn 0100nnnn00010001 IfRN=0,1 -~ T 1 Comparison
result
CMP/ STR Rm Rn 0010nnnnmmm1100 If Rn and Rm have 1 Comparison
an equivalent byte, result
1-T
Dl V1 Rm Rn 0011nnnnmmmD100 Single-step division 1 Calculation
(Rn + Rm) result
DIVOS RmRn 0010nnnnmmmO0111 MSB of Rn - Q, MSB 1 Calculation
of Rm - M,M"Q - T result
DI VOU 0000000000011001 0 - M/QIT 1 0
DMULS. L Rm Rn 0011nnnnmmmmill01 Signed operation of 2to 4" ad
Rn xRm - MACH,
MACL 32 x 32 - 64 bits
DMULU. L Rm Rn 0011nnnnmmmD101 Unsigned operation of 2to 4" ad

Rn xRm - MACH,

MACL 32 x 32 - 64 bits
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Execution
Instruction Instruction Code Operation States T Bit
DT Rn 0100nnnn00010000 Rn—-1 - Rn,whenRn 1 Comparison
is0,1 - T.WhenRnis result
nonzero,0 - T
EXTS.B Rm Rn 0110nnnnmmmmi110 Byte in Rmis sign- 1 ad
extended - Rn
EXTS. W Rm Rn 0110nnnnmmml111 Word in Rm is sign- 1 0
extended - Rn
EXTU. B Rm Rn 0110nnnnmmmMmL100 Byte in Rm is zero- 1 ad
extended - Rn
EXTU. W Rm Rn 0110nnnnnmm101 Word in Rm is zero- 1 a
extended - Rn
MAC.L  @mt, @i+ 0000nnnnmmmil11l1l Signed operation of 3/2to4)" O
(Rn) x (Rm) + MAC -
MAC 32 x32 + 64 -
64 bits
MAC. W  @mt, @in+ 0100nnnnmmmmil11l1l Signed operation of 3/(2)* g
(Rn) x (Rm) + MAC -
MAC 16 x 16 + 64 -
64 bits
MJL. L Rm Rn 0000nnnnmmmMD111 Rn xRm - MACL, 2 to 4% 0
32 x32 - 32 bits
MULS. W Rm Rn 0010nnnnmmmmil111 Signed operation of 1to3* ad
Rn xRm - MACL 16 x
16 - 32 hits
MULU. W Rm Rn 0010nnnnmmmmi110 Unsigned operation of 1to 3* ad
Rn xRm - MACL 16 x
16 - 32 bits
NEG Rm Rn 0110nnnnmmm1011 0-Rm - Rn 1 0
NEGC Rm Rn 0110nnnnmmm1010 0 —-RmM-T - Rn, 1 Borrow
Borrow - T
SUB Rm Rn 0011lnnnnnmmmM1000 Rn-Rm - Rn 1 ad
SUBC Rm Rn 0011nnnnmmmmm1010 Rn—Rm-T - Rn, 1 Borrow
Borrow - T
SUBV Rm Rn 0011nnnnmmmil011 Rn-Rm - Rn, 1 Overflow
Underflow - T
Note: * The normal number of execution states is shown. (The number in parentheses is the

number of states when there is contention with the preceding or following instructions.)
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L ogic Operation Instructions

Execution
Instruction Instruction Code Operation States T Bit
AND Rm Rn 0010nnnnnmmMmM 001 Rn & Rm - Rn 1 0
AND #i mm RO 1100100%1iiiiiiii RO&imm - RO 1 a
AND. B #i nmm @RO, GBBR) 11001101iiiiiiii (RO+ GBR)&imm - 3 O
(RO + GBR)
NOT Rm Rn 0110nnnnmmD111 ~Rm - Rn 1 0
OR Rm Rn 0010nnnnmmm1011 Rn|Rm - Rn 1 g
R #i mm RO 1100101%iiiiiiii RO|imm - RO 1 a
ORB #imm@R0, GBR) 1100111liiiiiiii (RO+ GBR)]|imm - 3 O
(RO + GBR)
TAS.B @n 0100nnnn00011011 If(Rn)is0,1 - T;1 - 4 Test
MSB of (Rn) result
TST Rm Rn 0010NnnnNnmmL000 Rn & Rm; if the result 1 Test
is0,1-T result
TST #i mm RO 11001000iiiiiiii RO & imm;ifthe result 1 Test
is0,1 T result
TST.B #inmm @RO, GBR) 11001100iiiiiiii (RO+ GBR) & imm;if 3 Test
theresultis0,1 - T result
XOR Rm Rn 0010nnnnnmm010 Rn”~"Rm - Rn 1 0
XOR #i mm RO 11001010iiiiiiii RO~imm - RO 1 a
XOR. B #imm @RO, GBBR) 11001110iiiiiiii (RO+GBR)”imm - 3 O
(RO + GBR)
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Shift Instructions

Execution
Instruction Instruction Code Operation States T Bit
ROTL Rn 0100nnnn00000100 T <« Rn - MSB 1 MSB
ROTR Rn 0100nnnn00000101 LSB - Rn - T 1 LSB
ROTCL Rn 0100nnnn00100100 T<Rn T 1 MSB
ROTCR Rn 0100nnnn00100101 T-Rn-T 1 LSB
SHAL Rn 0100nnnn00100000 T<«Rn<O 1 MSB
SHAR Rn 0100nnnn00100001 MSB - Rn - T 1 LSB
SHLL  Rn 0100nnnn00000000 T<«Rn<O 1 MSB
SHLR Rn 0100nnnn00000001 0O-Rn-T 1 LSB
SHLL2 Rn 0100nnnn00001000 Rn<<2 - Rn 1 0
SHLR2 Rn 0100nnnn00001001 Rn>>2 - Rn 1 O
SHLL8 Rn 0100nnnn00011000 Rn<<8 - Rn 1 a
SHLR8 Rn 0100nnnn00011001 Rn>>8 - Rn 1 O
SHLL16 Rn 0100nnnn00101000 Rn<<16 - Rn 1 a
SHLR16 Rn 0100nnnn00101001 Rn>>16 - Rn 1 a

Rev. 4.00 Dec 05, 2005 page 33 of 564

RENESAS

REJ09B0270-0400



Section 2 CPU

Branch I nstructions

Execution

Instruction Instruction Code Operation States T Bit

BF | abel 10001011dddddddd If T=0,dispx2+PC - PC; 3/1* O
if T=1, nop

BF/ S |abel 10001111dddddddd Delayed branch, if T=0, dispx2+ 3/1* O
PC - PC;if T=1, nop

BT | abel 10001001dddddddd If T=1,dispx2+ PC - PC; 31" O
if T=0, nop

BT/S |abel 10001101dddddddd Delayed branch, if T=1, dispx2 + 2/1* O
PC - PC;if T =0, nop

BRA |abel 1010dddddddddddd Delayed branch, disp x2 + PC - 2 O
PC

BRAF Rm 0000mMMD0100011 Delayed branch, Rm + PC - PC O

BSR |abel 10l1ldddddddddddd Delayed branch, PC - PR, O
dispx2+PC - PC

BSRF Rm 0000mMmMMD0000011 Delayed branch, PC - PR, 2 O
Rm+PC - PC

JMP  @Rm 0100mmmD0101011 Delayed branch, Rm - PC a

JSR @m 0100mmMmD0001011 Delayed branch, PC - PR, O
Rm - PC

RTS 0000000000001011 Delayed branch, PR - PC 2 O

Note: * One state when the program does not branch.
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System Control Instructions

Execution
Instruction Instruction Code Operation States T Bit
CLRT 0000000000001000 0 - T 1 0
CLRVAC 0000000000101000 0O - MACH, MACL 1 d
LDC Rm SR 0100nMmMmMD0001110 Rm - SR 1 LSB
LDC Rm GBR 0100mmmOD0011110 Rm - GBR 1 a
LDC Rm VBR 0100mmm00101110 Rm - VBR 1 g
LDC. L @rm+, SR 0100nMmMmD0000111 (Rm) - SR,Rm+4 - Rm 3 LSB
LDC. L @m+, GBR 0100nmmD0010111 (Rm) - GBR,Rm+4 - Rm 3 g
LDC. L @m+, VBR 0100nmmm00100111 (Rm) - VBR,Rm+4 - Rm 3 a
LDS Rm MACH 0100nMmMmMMD0001010 Rm - MACH 1 d
LDS Rm MACL 0100mmmOD0011010 Rm - MACL 1 a
LDS Rm PR 0100mmmMD0101010 Rm - PR 1 g
LDS. L @m+, MACH 0100mm00000110 (Rm) - MACH,Rm+4 -, 1 a
Rm
LDS. L @m+, MACL 0100mm00010110 (Rm) - MACL,Rm+4 - Rm 1 g
LDS. L @Rmt+, PR 0100mMmmMmMD0100110 (Rm) - PR,Rm+4 - Rm 1 ad
NOP 0000000000001001 No operation 1 a
RTE 0000000000101011 Delayed branch, stack area 4 ad
- PC/SR
SETT 0000000000011000 1 - T 1 1
SLEEP 0000000000011011 Sleep 3" O
STC SR, Rn 0000nNNN00000010 SR - Rn 1 d
STC GBR, Rn 0000nnnn00010010 GBR - Rn 1 a
STC VBR, Rn 0000nnnn00100010 VBR - Rn 1 a
STC.L SR, @Rn 0100nnnn00000011 Rn-4 - Rn, SR - (Rn) 2 a
STC.L GBR @Rn 0100nnnn00010011 Rn-4 - Rn, GBR - (Rn) 2 ad
STC.L VBR, @Rn 0100nnnn00100011 Rn-4 - Rn, VBR - (Rn) 2 g
STS MACH, Rn 0000nnnn00001010 MACH - Rn 1 a
STS MACL, Rn 0000nnNnNn00011010 MACL - Rn 1 d
STS PR, Rn 0000nnnn00101010 PR - Rn 1 a
STS.L MACH, @Rn 0100nnnn00000010 Rn-4 - Rn, MACH - (Rn) 1 ad
STS.L MACL, @Rn 0100nnnn00010010 Rn-4 - Rn, MACL - (Rn) 1 a
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Execution
Instruction Instruction Code Operation States T Bit
STS.L PR @Rn 0100nnnn00100010 Rn-4 - Rn, PR - (Rn) 1 ad
TRAPA #i mm 11000011iiiiiiii PC/SR - stack area, (imm x 8 O

4 +VBR) - PC

Note: * The number of execution states before the chip enters sleep mode:
The execution states shown in the table are minimums. The actual number of states
may be increased when (1) contention occurs between instruction fetches and data
access, or (2) when the destination register of the load instruction (memory - register)
equals to the register used by the next instruction.
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2.6 Processing States

2.6.1 State Transitions

The CPU has four processing states. reset, exception processing, program execution and power-
down. Figure 2.4 shows the transitions between the states.

From any state From any state when
when RES =0 — RES=1and MRES=0 ——

Manual reset state -

Reset state

Exception
processing state

A

When an internal power-on NMI interrupt or IRQ
reset by WDT or internal interrupt occurs
manual reset by WDT

oceurs Exception|  |Exception

processing processing
source ends
occurs

Y

Program execution state

SSBY bit set
SSBY bit cleared for SLEEP
for SLEEP instruction
instruction
E Sleep mode Software standby mode ;

Power-down state

Figure2.4 Transitions between Processing States
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Section 2 CPU

Reset State: The CPU resets in the reset state. When the RES pin level goes low, the power-on
reset state is entered. When the RES pin is high and the MRES pin islow, the manual reset state is
entered.

Exception Processing State: The exception processing state is atransient state that occurs when
exception processing sources such as resets or interrupts alter the CPU’ s processing state flow.

For areset, the initial values of the program counter (PC) (execution start address) and stack
pointer (SP) are fetched from the exception processing vector table and stored; the CPU then
branches to the execution start address and execution of the program begins.

For an interrupt, the stack pointer (SP) is accessed and the program counter (PC) and status
register (SR) are saved to the stack area. The exception service routine start address is fetched
from the exception processing vector table; the CPU then branchesto that address and the program
starts executing, thereby entering the program execution state.

Program Execution State: In the program execution state, the CPU sequentially executes the
program.

Power-Down State: In the power-down state, the CPU operation halts and power consumption
declines. The SLEEP instruction places the CPU in the sleep mode or the software standby mode.
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Section 3 MCU Operating Modes

31 Selection of Operating M odes

This LSl has one operating modes and four clock modes. The operating mode is determined by the
setting of MD3-M DO, and FWP pins. Do not change these pins during LS| operation (while
power ison). Do not set these pinsin the other way than the combination shown in Table 3.1.

Table3.1 Selection of Operating Modes

Pin Setting
Mode No. FWP MD3 MD2 MD1 MDO Mode Name On-Chip ROM
Mode 0** 1 X X 0 0 MCU extension mode 0 Not Active
Mode 1*° 1 X X 0 1 MCU extension mode 1 Not Active
Mode 2** 1 X X 1 0 MCU extension mode 2 Active
Mode 3 1 X X 1 1 Single chip mode Active
*3 0 X X 0 0 Boot mode™? Active
*2 0 X X 0 1
*3 0 X X 1 0 User programming Active
*2 0 X X 1 1 mode™*

Notes: The symbol x means “Don't care.”
1. Only the mode3 is supported in normal operation in SH7046.
2. User programming mode for flash memory. Supported in only F-ZTAT version.
3. Cannot be used for this LSI.

There are two modes as the MCU operating modes: MCU extension mode and single chip mode.
There are two modes to program the flash memory (on-board programming mode): boot mode and
user programming mode.
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The clock mode is selected by the input of MD2 and MD3 pins.

Table3.2 Maximum Operating Clock Frequency for Each Clock Mode

Pin Setting
MD3 MD2 Maximum Operating Clock Frequency
0 0 12.5 MHz (Input clock x 1*, maximum of input clock: 12.5 MHz)
0 1 25 MHz (Input clock x 2%, maximum of input clock: 12.5 MHz)
1 0 40 MHz (Input clock x 4%, maximum of input clock: 10 MHz)
1 1 50 MHz (Input clock x 4 for system clock, Input clock x 2 for

peripheral clock, maximum of input clock: 12.5 MHz)

Note: * The frequencies for the system and peripheral module clocks are the same.

3.2 I nput/Output Pins
Table 3.3 describes the configuration of operating mode related pins.

Table3.3 Operating Mode Pin Configuration

Pin Name Input/Output Function

MDO Input Designates operating mode through the level applied to this pin
MD1 Input Designates operating mode through the level applied to this pin
MD2 Input Designates clock mode through the level applied to this pin

MD3 Input Designates clock mode through the level applied to this pin

FWP Input Pin for the hardware protection against programming/erasing the

on-chip flash memory
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33 Explanation of Operating M odes

331 Mode 0to Mode 2 (MCU extension mode 0 to 2)

Thismode is not supported in thisLSl.

332 Mode 3 (Single chip mode)

All ports can be used in this mode. This LS| supports only this mode.

3.3.3 Clock Mode

The input waveform frequency can be used asis, doubled or quadrupled as system clock

frequency in mode O to mode 3.
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34 AddressMap

The address map for the operating modes are shown in figures 3.1 to 3.3.

ROM: 256 kbytes, RAM: 12 kbytes

Mode 3
H'00000000
On-chip ROM
H'0003FFFF
H'FFFF8000

On-chip peripheral
H'EFEFBEEF I/O registers

H'FFFFDO000

On-chip RAM

HFFFFFFFF

Figure3.1 TheAddress Map of SH7046 Flash Memory Version
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ROM: 128kbytes, RAM: 4 kbytes

Mode 3
H'00000000
On-chip ROM
H'0001FFFF
H'FFFF8000

On-chip peripheral
H'EFEFBEEF I/O registers

H'FFFFF0O00

On-chip RAM

HFFFFFFFF

Figure3.2 TheAddressMap of SH7048 Mask ROM Version
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ROM: 64 kbytes, RAM: 4 kbytes

Mode 3
H'00000000
On-chip ROM
H'0000FFFF
H'FFFF8000

On-chip peripheral
H'EFEFBEEF I/O registers

H'FFFFF0O00

On-chip RAM

HFFFFFFFF

Figure3.3 TheAddressMap of SH7148 Mask ROM Version
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35 Initial Stateof ThisLSl

In this LSI, some on-chip modules are set to module standby state asitsinitial state for power
down.

Therefore, to operate those modules, it is necessary to clear module standby state.
For details, refer to section 21, Power-Down Modes.
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Section 4 Clock Pulse Generator

This LSl has an on-chip clock pulse generator (CPG) that generates the system clock (¢) and
peripheral clock (P) to generate the internal clock (¢/2 to /8192, Pq/2 to Pgp/1024). The CPG
consists of an oscillator, PLL circuit, and pre-scaler. A block diagram of the clock pulse generator
isshown in figure 4.1. The frequency from the oscillator can be modified by the PLL circuit.

PLLCAP
EXTAL — —
Oscillator PLL circuit ocK alvider
XTAL — (x 1/2)
A °
) v
O
Pre-scaler
> Pre-scaler
MD2 » _
Clock mode »
MD3 control circuitry »
M v v
e @2to P@i2 to Po
@8192 P@1024
Within the LSI

Figure4.1 Block Diagram of the Clock Pulse Gener ator

4.1 Oscillator

Clock pulses can be supplied from a connected crystal resonator or an external clock.

411 Connecting a Crystal Resonator

Circuit Configuration: A crystal resonator can be connected as shown in figure 4.2. Use the
damping resistance (Rd) listed in table 4.1. Use an AT-cut parallel-resonance type crystal
resonator that has a resonance frequency of 4-12.5 MHz. It is recommended to consult crystal
dealer concerning the compatibility of the crystal resonator and the LSI.

CPGO110B_000020020700 Rev. 4.00 Dec 05, 2005 page 47 of 564
REJ09B0270-0400
RENESAS



Section 4 Clock Pulse Generator

L1
EXTAL |1
AL
= Th-
XTAL —‘Wv—-L| l_n‘r
Ry Co C.1 = C, = 18-22 pF (Recommended value)

Figure4.2 Connection of the Crystal Resonator (Example)

Table4.1 Damping Resistance Values

Frequency (MHz) 4 8 10 125

Rd (Q) 500 200 0 0

Crystal Resonator: Figure 4.3 shows an equivalent circuit of the crystal resonator. Use a crystal
resonator with the characteristicslisted in table 4.2.

C
L gs
XTAL — EXTAL
{1
Co AT-cut parallel-resonance type

Figure4.3 Crystal Resonator Equivalent Circuit

Table4.2 Crystal Resonator Characteristics

Frequency (MHz) 4 8 10 125
Rs max (Q) 120 80 60 50
Comax (pF) 7 7 7 7

4.1.2 External Clock Input Method

Figure 4.4 shows an example of an external clock input connection. In this case, make the external
clock high level to stop it in standby mode. During operation, make the external input clock
frequency 4-12.5 MHz.

When leaving the XTAL pin open, make sure the stray capacitance islessthan 10 pF.
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Even when inputting an external clock, be sure to wait at least the oscillation stabilization timein
power-on sequence or in releasing standby mode, in order to ensure the PLL stabilization time.

EXTAL J-I_n_l-l_ External clock input

XTAL Open state

Figure4.4 Example of External Clock Connection

4.2 Function for Detecting the Oscillator Halt

This CPG can detect a clock halt and automatically cause the timer pinsto become high-
impedance when any system abnormality causes the oscillator to halt. That is, when a change of
EXTAL has not been detected, the high-current 12 pins (PES/TIOC3B, PE11/TIOC3D,
PE12/TIOC4A, PE13/TIOCAB/MRES, PE14/TIOCAC, PE15/TIOCAD/IRQOUT, PE16/PUOA/
UBCTRG", PE17/PVOA, PE18/PWOA, PE19/PUOB, PE20/PVOB, PE21/PWOB) are set to
high-impedance regardless of PFC setting.

Even in standby mode, these 12 pins become high-impedance regardless of PFC setting. These
pins enter the normal state after standby mode is released. When abnormalities that halt the
oscillator occur except in standby mode, other LS| operations become undefined. In this case, LS|
operations, including these 12 pins, become undefined even when the oscillator operation starts

again.

Note: * For flash version only

4.3 Usage Notes

431 Note on Crystal Resonator

A sufficient evaluation at the user’s site is necessary to use the LS|, by referring the resonator
connection examples shown in this section, because various characteristics related to the crystal
resonator are closely linked to the user’s board design. As the resonator circuit constants will
depend on the resonator and the floating capacitance of the mounting circuit, the component value
should be determined in consultation with the resonator manufacturer. Ensure that a voltage
exceeding the maximum rating is not applied to the oscillator pin.
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432 Notes on Board Design

When using acrystal oscillator, place the crystal oscillator and its load capacitors as close as
possible to the XTAL and EXTAL pins. Do not route any signal lines near the oscillator circuitry
as shown in figure 4.5. Otherwise, correct oscillation can be interfered by induction.

Measures against radiation noise are taken in thisLSI. If radiation noise needs to be further
reduced, usage of a multi-layer printed circuit board with ground planes is recommended.

Avoid —— - Signal A Signal B

L | | This LS
5 || 1 XTAL
= :
5 || 1 EXTAL
CLl ' '

Figure4.5 Cautionsfor Oscillator Circuit System Board Design

A circuitry shown in figure 4.6 is recommended as an external circuitry around the PLL. Place
oscillation stabilization capacitor C1 close to the PLLCAP pin, and ensure that no other signal
lines crossthisline. Separate PLLVcL and PLLVsscircuit against Vcc and Vss circuit from the
board power supply source, and be sure to insert bypass capacitors CB and CPB close to the pins.

R1:3kQ  C1: 470 pF
PLLCAP 1

M
PLLV(, —
T

PLLVgs

CPB = 0.47 uF*

Vee J_

CB = 0.47 uF*
T

1
-

77

(Values are recommended values.)

Note: * CB and CPB are laminated ceramic type.

Figure4.6 Recommended External Circuitry Around the PLL
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Electromagnetic waves are radiated from an LSI in operation. This LSI has an electromagnetic
peak in the harmonics band whose primary frequency is determined by the lower frequency
between the system clock (@) and peripheral clock (P@). For example, when @= 50 MHz and P@=
40 MHz, the primary frequency is 40 MHz. If this LSI is used adjacent to a device sensitive to
electromagnetic interference, e.g. FM/VHF band receiver, a printed circuit board of more than
four layers with planes exclusively for system ground is recommended.
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Section 5 Exception Processing

51 Overview

511 Types of Exception Processing and Priority

Exception processing is started by four sources: resets, address errors, interrupts and instructions
and have the priority, as shown in table 5.1. When several exception processing sources occur at
once, they are processed according to the priority.

Table5.1 Typesof Exception Processing and Priority

Exception Source Priority
Reset Power-on reset High
Manual reset 1
Address CPU address error
error DTC address error
Interrupt NMI
User break
IRQ
On-chip peripheral e Multifunction timer unit (MTU)
modules: « A/D converter 0 and 1 (A/DO, A/D1)
« Data transfer controller (DTC)
e Compare match timer 0 and 1 (CMTO, CMT1)
e Watchdog timer (WDT)
e Input/output port (I/O) (MTU)
e Serial communication interface 2 and 3
(SCI2 and SCI3)
¢ Motor management timer (MMT)
* A/D converter 2 (A/D2)
e Input/output port (I/0) (MMT)
Instructions  Trap instruction (TRAPA instruction)
General illegal instructions (undefined code) v
lllegal slot instructions (undefined code placed directly after a delay Low

branch instruction™* or instructions that rewrite the PC*?)

Notes: 1. Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF, and

BRAF.

2. Instructions that rewrite the PC: JMP, JSR, BRA, BSR, RTS, RTE, BT, BF, TRAPA,
BF/S, BT/S, BSRF, and BRAF.
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512 Exception Processing Oper ations

The exception processing sources are detected and the processing starts according to the timing
shown in table 5.2.

Table5.2 Timingfor Exception Source Detection and Start of Exception Processing

Exception  Source Timing of Source Detection and Start of Processing
Reset Power-on reset Starts when the RES pin changes from low to high or when
WDT overflows.
Manual reset Starts when the MRES pin changes from low to high.
Address error Detected when instruction is decoded and starts when the

Interrupts execution of the previous instruction is completed.

Instructions  Trap instruction Starts from the execution of a TRAPA instruction.

General illegal Starts from the decoding of undefined code anytime except after

instructions a delayed branch instruction (delay slot).

lllegal slot Starts from the decoding of undefined code placed in a delayed

instructions branch instruction (delay slot) or of instructions that rewrite the
PC.

When exception processing starts, the CPU operates as follows:

1. Exception processing triggered by reset:
Theinitial values of the program counter (PC) and stack pointer (SP) are fetched from the
exception processing vector table (PC and SP are respectively the H'00000000 and
H'00000004 addresses for power-on resets and the H'00000008 and H'0000000C addresses for
manual resets). See section 5.1.3, Exception Processing Vector Table, for more information.
H'00000000 is then written to the vector base register (VBR) , and H'F (B'1111) iswritten to
the interrupt mask bits (13 to 10) of the status register (SR). The program begins running from
the PC address fetched from the exception processing vector table.

2. Exception processing triggered by address errors, interrupts and instructions:
SR and PC are saved to the stack indicated by R15. For interrupt exception processing, the
interrupt priority level iswritten to the SR’sinterrupt mask bits (13 to 10). For address error
and instruction exception processing, the 13 to 10 bits are not affected. The start addressisthen

fetched from the exception processing vector table and the program begins running from that
address.
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513 Exception Processing Vector Table

Before exception processing begins running, the exception processing vector table must be set in
memory. The exception processing vector table stores the start addresses of exception service
routines. (The reset exception processing table holds the initial values of PC and SP.)

All exception sources are given different vector numbers and vector table address offsets. The
vector table addresses are calculated from these vector numbers and vector table address offsets.
During exception processing, the start addresses of the exception service routines are fetched from
the exception processing vector table that isindicated by this vector table address.

Table 5.3 shows the vector numbers and vector table address offsets. Table 5.4 shows how vector
table addresses are calcul ated.

Table5.3  Exception Processing Vector Table

Exception Sources Vector Numbers Vector Table Address Offset

Power-on reset PC 0 H'00000000—H'00000003
SP 1 H'00000004—-H'00000007

Manual reset PC 2 H'00000008—-H'0000000B
SP 3 H'0000000C-H'0000000F

General illegal instruction 4 H'00000010-H'00000013
(Reserved by system) 5 H'00000014—-H'00000017
Slot illegal instruction 6 H'00000018-H'0000001B
(Reserved by system) 7 H'0000001C—-H'0000001F
8 H'00000020-H'00000023

CPU address error 9 H'00000024—H'00000027
DTC address error 10 H'00000028-H'0000002B
Interrupts NMI 11 H'0000002C-H'0000002F
User break 12 H'00000030-H'00000033

(Reserved by system) 13 H'00000034—-H'00000037
14 H'00000038-H'0000003B

15 H'0000003C-H'0000003F

31 H'0000007C—H'0000007F
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Exception Sources

Vector Numbers

Vector Table Address Offset

Trap instruction (user vector)

32

H'00000080—-H'00000083

H'000000FC—-H'000000FF

63
Interrupts IRQO 64 H'00000100-H'00000103
IRQ1 65 H'00000104—-H'00000107
IRQ2 66 H'00000108-H'0000010B
IRQ3 67 H'0000010C-H'0000010F
Reserved by system 68 H'00000110-H'00000113
Reserved by system 69 H'00000114-H'00000117
Reserved by system 70 H'00000118-H'0000011B
Reserved by system 71 H'0000011C-H'0000011F
On-chip peripheral module® 72 H'00000120-H'00000123
255 H'000003FC—-H'000003FF

Note: * The vector numbers and vector table address offsets for each on-chip peripheral
module interrupt are given in section 6, Interrupt Controller, and table 6.2, Interrupt
Exception Sources, Vector Addresses and Priorities.

Table5.4  Calculating Exception Processing Vector Table Addresses

Exception Source Vector Table Address Calculation
Resets Vector table address = (vector table address offset)
= (vector number) x 4
Address errors, interrupts, Vector table address = VBR + (vector table address offset)
instructions = VBR + (vector number) x 4

Notes: 1. VBR: Vector base register

2. Vector table address offset: See table 5.3.
3. Vector number: See table 5.3.
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5.2 Resets

521 Types of Reset

Resets have the highest priority of any exception source. There are two types of resets: manual
resets and power-on resets. Astable 5.5 shows, both types of resetsinitialize the internal status of
the CPU. In power-on resets, all registers of the on-chip peripheral modules are initialized; in
manual resets, they are not.

Table55 Reset Status

Conditions for Transition

to Reset Status Internal Status
On-Chip
WDT Peripheral
Type RES Overflow MRES CPU/INTC Module PFC, 10 Port
Power-on reset Low O O Initialized Initialized Initialized
High Overflow  High Initialized Initialized Not initialized
Manual reset High O Low Initialized Not initialized  Not initialized

522 Power-On Reset

Power -On Reset by RES Pin: When the RES pin is driven low, the LSI becomes to be a power-
on reset state. To reliably reset the LS|, the RES pin should be kept at low for at least the duration
of the oscillation settling time when applying power or when in standby mode (when the clock
circuit is halted) or at least 20 toye when the clock circuit is running. During power-on reset, CPU
internal status and all registers of on-chip peripheral modules are initialized. See Appendix B, Pin
States, for the status of individual pins during the power-on reset status.

In the power-on reset status, power-on reset exception processing starts when the RES pinisfirst
driven low for aset period of time and then returned to high. The CPU will then operate as
follows:

1. Theinitial value (execution start address) of the program counter (PC) is fetched from the
exception processing vector table.
2. Theinitia value of the stack pointer (SP) is fetched from the exception processing vector table.

3. The vector base register (VBR) is cleared to H'00000000 and the interrupt mask bits (13 to 10)
of the status register (SR) are set to H'F (B'1111).
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4. The values fetched from the exception processing vector table are set in PC and SP, then the
program begins executing.

Be certain to always perform power-on reset processing when turning the system power on.

Power-On Reset by WDT: When a setting is made for a power-on reset to be generated in the
WDT' s watchdog timer mode, and the WDT's TCNT overflows, the LSI becomes to be a power-
on reset state.

The pin function controller (PFC) registers and /O port registers are not initialized by the reset
signal generated by the WDT (these registers are initialized only by a power-on reset from outside
of the chip).

If reset caused by the input signal at the RES pin and a reset caused by WDT overflow occur
simultaneously, the RES pin reset has priority, and the WOVF bit in RSTCSR is cleared to 0.
When WDT-initiated power-on reset processing is started, the CPU operates as follows:

1. Theinitial value (execution start address) of the program counter (PC) is fetched from the
exception processing vector table.

2. Theinitia value of the stack pointer (SP) is fetched from the exception processing vector table.

3. The vector baseregister (VBR) is cleared to H'00000000 and the interrupt mask bits (13-10) of
the status register (SR) are set to H'F (B'1111).

4. The values fetched from the exception processing vector table are set in the PC and SP, then
the program begins executing.

5.2.3 Manual Reset

When the RES pin is high and the MRES pin is driven low, the LS| enters amanual reset state. To
reliably reset the LSI, the MRES pin should be kept at low for at least the duration of the
oscillation settling time that is set in WDT in standby mode (when the clock is halted) or at least
20 tye when the clock is operating. During manual reset, the CPU internal statusisinitialized.
Registers of on-chip peripheral modules are not initialized. When the LS| enters manual reset
status in the middle of abus cycle, manual reset exception processing does not start until the bus
cycle has ended. Thus, manual resets do not abort bus cycles. However, once MRES is driven low,
hold the low level until the CPU becomes to be a manual reset mode after the bus cycle ends.
(Keep at low level for at least the longest bus cycle). See Appendix B, Pin States, for the status of
individual pins during manual reset mode.

In the manual reset status, manual reset exception processing starts when the MRES pin isfirst
kept low for a set period of time and then returned to high. The CPU will then operate in the same
procedures as described for power-on resets.
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53 AddressErrors

531 The Cause of Address Error Exception

Address errors occur when instructions are fetched or datais read or written, as shown in table 5.6.

Table5.6 BusCyclesand AddressErrors
Bus Cycle

Type Bus Master Bus Cycle Description Address Errors

Instruction  CPU Instruction fetched from even address None (normal)

fetch Instruction fetched from odd address Address error occurs
Instruction fetched from other than on-chip  None (normal)
peripheral module space®
Instruction fetched from on-chip peripheral ~ Address error occurs
module space”
Instruction fetched from external memory Address error occurs
space when in single chip mode

Data CPU or DTC Word data accessed from even address None (normal)

readwrite Word data accessed from odd address Address error occurs
Longword data accessed from a longword None (normal)
boundary
Longword data accessed from other than a  Address error occurs
long-word boundary
Byte or word data accessed in on-chip None (normal)
peripheral module space®
Longword data accessed in 16-bit on-chip None (normal)
peripheral module space®
Longword data accessed in 8-bit on-chip Address error occurs
peripheral module space”
External memory space accessed whenin  Address error occurs
single chip mode

Note: * See section 9, Bus State Controller (BSC) for more information on the on-chip

peripheral module space.
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532 AddressError Exception Processing

When an address error occurs, the bus cycle in which the address error occurred ends, the current
instruction finishes, and then address error exception processing starts. The CPU operates as
follows:

1. The status register (SR) is saved to the stack.

2. The program counter (PC) is saved to the stack. The PC value saved is the start address of the
instruction to be executed after the last executed instruction.

3. The start address of the exception service routine is fetched from the exception processing
vector table that corresponds to the occurred address error, and the program starts executing
from that address. The jump in this caseis not a delayed branch.

54 Interrupts

54.1 Interrupt Sources

Table 5.7 shows the sources that start the interrupt exception processing. They are NMI, user
breaks, IRQ and on-chip peripheral modules.

Table5.7 Interrupt Sources

Type Request Source Number of Sources
NMI NMI pin (external input) 1

User break User break controller

IRQ TRQO-IRQ3 pins (external input) 4

On-chip peripheral module Multifunction timer unit 23

Data transfer controller

Compare match timer

A/D converter (A/DO and A/D1)

A/D converter (A/D2)

Serial communication interface

Watchdog timer

Motor management timer

NN P OOIFRP|NIN P

Input/output Port
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Each interrupt sourceis allocated a different vector number and vector table offset. See section 6,
Interrupt Controller (INTC), and table 6.2, Interrupt Exception Sources, Vector Addresses and
Priorities, for more information on vector numbers and vector table address offsets.

54.2 Interrupt Priority Level

The interrupt priority is predetermined. When multiple interrupts occur simultaneously
(overlapped interruptions), the interrupt controller (INTC) determines their relative priorities and
starts the exception processing according to the results.

The priority of interruptsis expressed as priority levels 0 to 16, with priority O the lowest and
priority 16 the highest. The NMI interrupt has priority 16 and cannot be masked, so it is always
accepted. The priority level of the user break interrupt is 15. IRQ interrupt and on-chip peripheral
module interrupt priority levels can be set freely using the INTC' sinterrupt priority registers A, D
to K (IPRA, IPRD to IPRK) as shown in table 5.8. The priority levels that can be set are 0 to 15.
Level 16 cannot be set. See section 6.3.4, Interrupt Priority Registers A, D to K (IPRA, IPRD to
IPRK), for more information on IPRA to IPRK.

Table5.8 Interrupt Priority

Type Priority Level Comment

NMI 16 Fixed priority level. Cannot be masked.

User break 15 Fixed priority level.

IRQ 0-15 Set with interrupt priority registers A through K
(IPRA-IPRK).

On-chip peripheral module

54.3 Interrupt Exception Processing

When an interrupt occurs, the interrupt controller (INTC) ascertainsits priority level. NMI is
always accepted, but other interrupts are only accepted if they have a priority level higher than the
priority level set in the interrupt mask bits (13 to 10) of the status register (SR).

When an interrupt is accepted, exception processing begins. In interrupt exception processing, the
CPU saves SR and the program counter (PC) to the stack. The priority level value of the accepted
interrupt is written to SR bits I3 to 10. For NMI, however, the priority level is 16, but the value set
in13tol0isH'F (level 15). Next, the start address of the exception service routine is fetched from
the exception processing vector table for the accepted interrupt, that addressis jumped to and
execution begins. See section 6.6, Interrupt Operation, for more information on the interrupt
exception processing.
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55 Exceptions Triggered by Instructions

551 Types of Exceptions Triggered by Instructions

Exception processing can be triggered by trap instruction, illegal slot instructions, and general
illegal instructions, as shown in table 5.9.

Table5.9 Typesof Exceptions Triggered by Instructions

Type Source Instruction Comment

Trap instruction  TRAPA g

lllegal slot Undefined code placed Delayed branch instructions: JMP, JSR,
instructions immediately after a delayed BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,

branch instruction (delay slot) or BRAF

instructions that rewrite the PC  |q¢1;ctions that rewrite the PC: JMP, JSR,
BRA, BSR, RTS, RTE, BT, BF, TRAPA,
BF/S, BT/S, BSRF, BRAF

General illegal Undefined code anywhere ad
instructions besides in a delay slot

5.5.2 Trap Instructions

When a TRAPA instruction is executed, trap instruction exception processing starts. The CPU
operates as follows:

1
2.

The status register (SR) is saved to the stack.

The program counter (PC) is saved to the stack. The PC value saved is the start address of the
instruction to be executed after the TRAPA instruction.

The CPU reads the start address of the exception service routine from the exception processing
vector table that corresponds to the vector number specified in the TRAPA instruction, jumps
to that address and starts excuting the program. This jump is not a delayed branch.
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55.3 Illegal Slot Instructions

Aninstruction placed immediately after a delayed branch instruction is called “instruction placed
inadelay slot”. When the instruction placed in the delay slot is an undefined code, illegal slot
exception processing starts after the undefined code is decoded. 11legal slot exception processing
also starts when an instruction that rewrites the program counter (PC) is placed in adelay slot and
the instruction is decoded. The CPU handles anillegal dot instruction as follows:

1. The status register (SR) is saved to the stack.

2. The program counter (PC) is saved to the stack. The PC value saved is the target address of the
delayed branch instruction immediately before the undefined code or the instruction that
rewrites the PC.

3. The gtart address of the exception service routine is fetched from the exception processing
vector table that corresponds to the exception that occurred. That addressis jumped to and the
program starts executing. The jump in this case is not a delayed branch.

554 General Illegal Instructions

When undefined code placed anywhere other than immediately after a delayed branch instruction
(i.e,, inadelay dlot) is decoded, genera illegal instruction exception processing starts. The CPU
handles the general illegal instructions in the same procedures asin theillegal slot instructions.
Unlike processing of illegal slot instructions, however, the program counter value that is stacked is
the start address of the undefined code.
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5.6 Cases when Exception Sources Are Not Accepted

When an address error or interrupt is generated directly after a delayed branch instruction or
interrupt-disabled instruction, it is sometimes not accepted immediately but stored instead, as
shown in table 5.10. In this case, it will be accepted when an instruction that can accept the
exception is decoded.

Table5.10 Generation of Exception Sources Immediately after a Delayed Branch
Instruction or Interrupt-Disabled Instruction

Exception Source

Point of Occurrence Address Error Interrupt
Immediately after a delayed branch instruction** Not accepted Not accepted
Immediately after an interrupt-disabled instruction** Accepted Not accepted

Notes: 1. Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF, and
BRAF

2. Interrupt-disabled instructions: LDC, LDC.L, STC, STC.L, LDS, LDS.L, STS, and STS.L

5.6.1 Immediately after a Delayed Branch Instruction

When an instruction placed immediately after a delayed branch instruction (delay slot) is decoded,
neither address errors nor interrupts are accepted. The delayed branch instruction and the
instruction placed immediately after it (delay slot) are aways executed consecutively, so no
exception processing occurs during this period.

56.2 Immediately after an Interrupt-Disabled Instruction

When an instruction placed immediately after an interrupt-disabled instruction is decoded,
interrupts are not accepted. Address errors can be accepted.
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5.7 Stack Status after Exception Processing Ends
The status of the stack after exception processing endsis shown in table 5.11.

Table5.11 Stack Statusafter Exception Processing Ends

Types Stack Status

Address error
Address of instruction .
SP> after executed instruction 32 bits

SR 32 bits

Trap instruction

Address of instruction

after TRAPA instruction 32 bits

SR 32 bits

General illegal instruction

SP » Address of instruction after

general illegal instruction 32 bits

SR 32 hits
Interrupt E T
Address of instruction .
SP > after executed instruction 32 Pits
SR 32 hits
lllegal slot instruction “J I —— T
ump destination address .
SP = of delay branch instruction 32 Pits
SR 32 bits
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5.8 Usage Notes

581 Value of Stack Pointer (SP)

The value of the stack pointer must always be a multiple of four. If it is not, an address error will
occur when the stack is accessed during exception processing.

5.8.2 Value of Vector Base Register (VBR)

The value of the vector base register must always be a multiple of four. If it is not, an address error
will occur when the stack is accessed during exception processing.

5.8.3 Address Errors Caused by Stacking of AddressError Exception Processing

When the value of the stack pointer is not a multiple of four, an address error will occur during
stacking of the exception processing (interrupts, etc.) and address error exception processing will
start after the first exception processing is ended. Address errors will also occur in the stacking for
this address error exception processing. To ensure that address error exception processing does not
go into an endless loop, no address errors are accepted at that point. This allows program control
to be shifted to the service routine for address error exception and enables error processing.

When an address error occurs during exception processing stacking, the stacking bus cycle (write)
is executed. During stacking of the status register (SR) and program counter (PC), the value of SP
isreduced by 4 for both of SR and PC, therefore the value of SPis still not a multiple of four after
the stacking. The address value output during stacking is the SP value, so the address itself where
the error occurred is output. This means that the write data stacked is undefined.
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Section 6 Interrupt Controller (INTC)

Theinterrupt controller (INTC) ascertains the priority of interrupt sources and controls interrupt
requests to the CPU.

6.1 Features

» 16 levelsof interrupt priority
* NMI noise canceler function
* Occurrence of interrupt can be reported externally (IRQOUT pin)

Figure 6.1 shows a block diagram of the INTC.
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Legend:
UBC: User break controller SClI: Serial communications interface
DTC: Data transfer controller WDT Watchdog timer
MTU:  Multifunction timer unit 1/0: 1/0 port (Port output controller)
CMT: Compare match timer ICR1, ICR2: Interrupt control register
MMT: Motor management timer ISR: IRQ status register
A/D:  A/D converter IPRA to IPRK: Interrupt priority level setting registers A to K

SR: Status register

Figur

e6.1 INTC Block Diagram
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6.2

I nput/Output Pins

Table 6.1 showsthe INTC pin configuration.

Table6.1 Pin Configuration

Name Abbreviation 1/O  Function

Non-maskable interrupt input pin ~ NMI | Input of non-maskable interrupt
request signal

Interrupt request input pins IRQO-IRQ3 | Input of maskable interrupt request
signals

Interrupt request output pin IRQOUT @) Output of notification signal when an

interrupt has occurred

6.3

Register Descriptions

Theinterrupt controller has the following registers. For details on register addresses and register
states during each processing, refer to appendix A, Internal 1/0O Register.

Interrupt control register 1 (ICR1)
Interrupt control register 2 (ICR2)
IRQ status register (ISR)

Interrupt priority register A (IPRA)
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)
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6.3.1 Interrupt Control Register 1 (ICR1)

ICR1 isa16-bit register that sets the input signal detection mode of the external interrupt input
pins NMI and IRQO to IRQ3 and indicates the input signal level at the NMI pin.

Initial
Bit Bit Name  Value R/W Description
15 NMIL 1/0 R NMI Input Level
Sets the level of the signal input to the NMI pin. This bit
can be read to determine the NMI pin level. This bit
cannot be modified.
0: NMl input level is low
1: NMl input level is high
14to 0O All O R Reserved
9 These bits are always read as 0. The write value should
always be 0.
8 NMIE 0 R/W NMI Edge Select
0: Interrupt request is detected on falling edge of NMI
input
1: Interrupt request is detected on rising edge of NMI
input
7 IRQOS 0 R/W IRQO Sense Select
This bit sets the IRQO interrupt request detection mode.
0: Interrupt request is detected on low level of IRQO
input
1: Interrupt request is detected on edge of IRQO input
(edge direction is selected by ICR2)
6 IRQ1S 0 R/W IRQ1 Sense Select

This bit sets the IRQ1 interrupt request detection mode.

0: Interrupt request is detected on low level of IRQ1
input

1: Interrupt request is detected on edge of IRQ1 input
(edge direction is selected by ICR2)
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Initial
Bit Bit Name Value

R/W

Description

5 IRQ2S 0

R/W

IRQ2 Sense Select
This bit sets the IRQ2 interrupt request detection mode.

0: Interrupt request is detected on low level of IRQ2
input

1: Interrupt request is detected on edge of IRQ2 input
(edge direction is selected by ICR2)

4 IRQ3S 0

R/W

IRQ3 Sense Select
This bit sets the IRQ3 interrupt request detection mode.

0: Interrupt request is detected on low level of IRQ3
input

1: Interrupt request is detected on edge of IRQ3 input
(edge direction is selected by ICR2)

3to0 O All O

Reserved

These bits are always read as 0. The write value should
always be 0.

6.3.2 Interrupt Control Register 2 (ICR2)

ICR2 isa 16-hit register that sets the edge detection mode of the external interrupt input pins IRQO
to IRQ3. ICR2 is, however, valid only when IRQ interrupt request detection mode is set to the
edge detection mode by the sense select bits of IRQO to IRQ 3 in Interrupt control register 1
(ICR1). If the IRQ interrupt request detection mode has been set to low level detection mode, the

setting of ICR2 isignored.

Initial
Bit Bit Name  Value R/W Description
15 IRQOES1 0 R/W This bit sets the IRQO interrupt request edge detection
14 IRQOESO 0 Rw ~ Mmode.

00: Interrupt request is detected on falling edge of IRQO
input

01: Interrupt request is detected on rising edge of IRQO
input

10: Interrupt request is detected on both of falling and
rising edge of IRQO input

11: Cannot be set
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Bit Bit Name

Initial
Value

R/W

Description

13 IRQ1ES1
12 IRQ1ESO

0
0

R/W
R/W

This bit sets the IRQ1 interrupt request edge detection
mode.

00:

01:

10:

11:

Interrupt request is detected on falling edge of IRQ1
input

Interrupt request is detected on rising edge of IRQ1
input

Interrupt request is detected on both of falling and
rising edge of IRQ1 input

Cannot be set

11 IRQ2ES1
10 IRQ2ESO

R/W
R/W

This bit sets the IRQ2 interrupt request edge detection
mode.

00:

01:

10:

11:

Interrupt request is detected on falling edge of IRQ2
input

Interrupt request is detected on rising edge of IRQ2
input

Interrupt request is detected on both of falling and
rising edge of IRQ2 input

Cannot be set

9 IRQ3ES1
8 IRQ3ESO

R/W
R/W

This bit sets the IRQ3 interrupt request edge detection
mode.

00:

01:

10:

11:

Interrupt request is detected on falling edge of IRQ3
input

Interrupt request is detected on rising edge of IRQ3
input

Interrupt request is detected on both of falling and
rising edge of IRQ3 input

Cannot be set

7to0 0O

All O

Reserved

These bits are always read as 0. The write value should
always be 0.
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6.3.3 IRQ Status Register (ISR)

ISR is a 16-hit register that indicates the interrupt request status of the external interrupt input pins
IRQO to IRQ3. When IRQ interrupts are set to edge detection, held interrupt requests can be
withdrawn by writing 0 to IRQNF after reading IRQNF = 1.

Initial
Bit Bit Name  Value R/W Description
15t0 0O AllO R Reserved
8 These bits are always read as 0. The write value should
always be 0.
7 IRQOF 0 R/W IRQO to IRQ3 Flags
6 IRQ1F 0 R/W These bits display the IRQO to IRQ3 interrupt request
5 IRQ2F 0 Rw  Status.
4 IRQ3F 0 RIW [Setting condition]

« When interrupt source that is selected by ICR1 and
ICR2 has occurred.

[Clearing conditions]

¢ When 0 is written after reading IRQnF = 1

e When interrupt exception processing has been
executed at high level of IRQn input under the low
level detection mode.

« When IRQn interrupt exception processing has been
executed under the edge detection mode of falling
edge, rising edge or both of falling and rising edge.

¢ When the DISEL bit of DTMR of DTC is 0, after DTC
has been started by IRQn interrupt.

3to0 O All O R/W Reserved

These bits are always read as 0. The write value should
always be 0.
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6.34 Interrupt Priority Registers A, D toK (IPRA, IPRD to | PRK)

Interrupt priority registers are nine 16-bit readable/writable registers that set priority levelsfrom 0
to 15 for interrupts except NMI. For the correspondence between interrupt request sources and
IPR, refer to table 6.2 Interrupt Request Sources, Vector Address, and Interrupt Priority Level.
Each of the corresponding interrupt priority ranks are established by setting a value from H'0 to
H'F in each of the four-bit groups 15t0 12, 11t0 8, 7 to 4 and 3 to 0. Reserved bits that are not
assigned should be set H'0 (B'0000.)

Initial
Bit Bit Name  Value R/W Description
15 IPR15 0 R/W These bits set priority levels for the corresponding
14 IPR14 0 R/W interrupt source.
13 IPR13 0 RIW 0000: Pr?or?ty level O (lowest)
0001: Priority level 1
12 IPR12 0

RIW 0010: Priority level 2
0011: Priority level 3
0100: Priority level 4
0101: Priority level 5
0110: Priority level 6
0111: Priority level 7
1000: Priority level 8
1001: Priority level 9
1010: Priority level 10
1011: Priority level 11
1100: Priority level 12
1101: Priority level 13
1110: Priority level 14
1111: Priority level 15 (highest)
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Bit

Bit Name

Initial
Value

R/W

Description

11
10

IPR11
IPR10
IPR9
IPR8

0

0
0
0

R/W
R/W
R/W
R/W

These bits set priority levels for the corresponding
interrupt source.

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

Priority level O (lowest)

Priority level 1
Priority level 2
Priority level 3
Priority level 4
Priority level 5
Priority level 6
Priority level 7
Priority level 8
Priority level 9
Priority level 10
Priority level 11
Priority level 12
Priority level 13
Priority level 14

Priority level 15 (highest)

A OO N

IPR7
IPR6
IPR5
IPR4

o O O o

R/W
R/W
R/W
R/W

These bits set priority levels for the corresponding
interrupt source.

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

Priority level O (lowest)

Priority level 1
Priority level 2
Priority level 3
Priority level 4
Priority level 5
Priority level 6
Priority level 7
Priority level 8
Priority level 9
Priority level 10
Priority level 11
Priority level 12
Priority level 13
Priority level 14

Priority level 15 (highest)
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Initial
Bit Bit N\ame  Value R/W Description

3 IPR3 0 R/W These bits set priority levels for the corresponding
2 IPR2 0 RIW interrupt source.
1 IPR1 0 R/W 0000: Pr@or?ty level O (lowest)
0001: Priority level 1
0 IPRO 0

RIW 0010: Priority level 2
0011: Priority level 3
0100: Priority level 4
0101: Priority level 5
0110: Priority level 6
0111: Priority level 7
1000: Priority level 8
1001: Priority level 9
1010: Priority level 10
1011: Priority level 11
1100: Priority level 12
1101: Priority level 13
1110: Priority level 14
1111: Priority level 15 (highest)

Note: Name in the tables above is represented by a general name. Name in the list of register is,
on the other hand, represented by a module name.
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6.4 Interrupt Sources

6.4.1 External Interrupts

There are four types of interrupt sources. NMI, user breaks, IRQ, and on-chip peripheral modules.
Each interrupt has a priority expressed as a priority level (0 to 16, with O the lowest and 16 the
highest). Giving an interrupt a priority level of 0 masksit.

NMI Interrupts; The NMI interrupt has priority 16 and is aways accepted. Input at the NMI pin
is detected by edge. Use the NMI edge select bit (NMIE) in the interrupt control register 1 (ICR1)
to select either the rising or falling edge. NMI interrupt exception processing sets the interrupt
mask level bits (13- 0) in the status register (SR) to level 15.

IRQ3to IRQO Interrupts: IRQ interrupts are requested by input from pins IRQO-IRQ3. Set the
IRQ sense select hits (IRQOS-RQ3S) of the interrupt control register 1 (ICR1) and IRQ edge
select bit (IRQOES[1:0]-IRQ3ES[1:0]) of the interrupt control register 2 (ICR2) to select low level
detection, falling edge detection, or rising edge detection for each pin. The priority level can be set
from 0 to 15 for each pin using the interrupt priority registers A (IPRA).

When IRQ interrupts are set to low level detection, an interrupt request signal is sent to the INTC
during the period the IRQ pin islow level. Interrupt request signals are not sent to the INTC when
the IRQ pin becomes high level. Interrupt request levels can be confirmed by reading the IRQ
flags (IRQOF-IRQ3F) of the IRQ status register (ISR).

When IRQ interrupts are set to falling edge detection, interrupt request signals are sent to the
INTC upon detecting a change on the IRQ pin from high to low level. The results of detection for
IRQ interrupt request are maintained until the interrupt request is accepted. It is possible to
confirm that IRQ interrupt requests have been detected by reading the IRQ flags (IRQOF-IRQ3F)
of the IRQ status register (I1SR), and by writing a 0 after reading a 1, IRQ interrupt request
detection results can be withdrawn.

In IRQ interrupt exception processing, the interrupt mask bits (13-10) of the status register (SR)
are set to the priority level value of the accepted IRQ interrupt. Figure 6.2 shows the block
diagram of this IRQ3 to IRQO interrupts.
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IRQNS ISR.IRQNF

IRQNES
i :" DTC ':
NI N
. Level i 21
IRQ pins detection | 8 2] » CPU interrupt
E i % X request
Edge s ol & NEEN
detection ! + i
D'_'I'_C_ starting request
RESIRQN R

(Acceptance of IRQn interrupt/DTC transfer end/
writing 0 after reading IRQnF = 1)

Figure6.2 Block Diagram of IRQ3to IRQO Interrupts Control

6.4.2 On-Chip Peripheral Module Interrupts

On-chip peripheral module interrupts are interrupts generated by the following on-chip peripheral
modules.

Asadifferent interrupt vector is assigned to each interrupt source, the exception service routine
does not have to decide which interrupt has occurred. Priority levels between 0 and 15 can be
assigned to individual on-chip peripheral modulesin interrupt priority registers A, D to K (IPRA,
IPRD to IPRK). On-chip peripheral module interrupt exception processing sets the interrupt mask
level bits (13-10) in the status register (SR) to the priority level value of the on-chip peripheral
modul e interrupt that was accepted.

6.4.3 User Break Interrupt

A user break interrupt has a priority of level 15, and occurs when the break condition set in the
user break controller (UBC) is satisfied. User break interrupt requests are detected by edge and are
held until accepted. User break interrupt exception processing sets the interrupt mask level bits
(13-10) in the status register (SR) to level 15. For more details about the user break interrupt, see
Section 7, User Break Controller (UBC).
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6.5 Interrupt Exception Processing Vectors Table

Table 6.2 lists interrupt sources and their vector numbers, vector table address offsets and interrupt
priorities.

Each interrupt sourceis allocated a different vector number and vector table address offset. Vector
table addresses are cal culated from the vector numbers and address offsets. In interrupt exception
processing, the exception service routine start addressis fetched from the vector table indicated by
the vector table address. For the details of calculation of vector table address, see table 5.4,
Calculating Exception Processing Vector Table Addresses in the section 5 Exception Processing.

IRQ interrupts and on-chip peripheral module interrupt priorities can be set freely between 0 and
15 for each pin or module by setting interrupt priority registers A—K (IPRA-IPRK). However, the
smaller vector number has interrupt source, the higher priority ranking is assigned among two or
more interrupt sources specified by the same IPR, and the priority ranking cannot be changed. A
power-on reset assigns priority level 0 to IRQ interrupts and on-chip peripheral module interrupts.
If the same priority level is assigned to two or more interrupt sources and interrupts from those
sources occur simultaneously, they are processed by the default priority order indicated in table
6.2.
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Table6.2 Interrupt Exception Processing Vectorsand Priorities

Interrupt Vector  Vector Table Default
Source Name No. Starting Address IPR Priority
External pin NMI 11 H'0000002C ad High
User break 12 H'00000030 0 4
O Reserved by system 14 H'00000038 g
O Reserved by system 15 H'0000003C ad
Interrupts IRQO 64 H'00000100 IPRA15-IPRA12
IRQ1 65 H'00000104 IPRA11-IPRA8
IRQ2 66 H'00000108 IPRA7-IPRA4
IRQ3 67 H'0000010C IPRA3-IPRAO
Reserved by system 68 H'00000110 ad
Reserved by system 69 H'00000114
Reserved by system 70 H'00000118 ad
Reserved by system 71 H'0000011C a
O Reserved by system 72 H'00000120 ad
Reserved by system 76 H'00000130 ad
Reserved by system 80 H'00000140 ad
Reserved by system 84 H'00000150 ad
MTU channel 0 TGIA_O 88 H'00000160 IPRD15-IPRD12
TGIB_O 89 H'00000164
TGIC_O 90 H'00000168
TGID_O 91 H'0000016C
TCIV_O 92 H'00000170 IPRD11-IPRD8
MTU channel 1 TGIA_1 96 H'00000180 IPRD7-IPRD4
TGIB_1 97 H'00000184
TCIV_1 100 H'00000190 IPRD3-IPRDO
TCIU_1 101 H'00000194
MTU channel 2 TGIA 2 104 H'000001A0 IPRE15-IPRE12
TGIB_2 105 H'000001A4
TCIV_2 108 H'000001B0O IPRE11-IPRE8
TCIU_2 109 H'000001B4 Low
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Interrupt Vector  Vector Table Default
Source Name No. Starting Address IPR Priority
MTU channel 3 TGIA_3 112 H'000001CO IPRE7-IPRE4 High
TGIB_3 113 H'000001C4 4
TGIC_3 114 H'000001C8
TGID_3 115 H'000001CC
TCIV_3 116 H'000001D0 IPRE3-IPREO
MTU channel 4 TGIA_4 120 H'000001E0 IPRF15-IPRF12
TGIB_4 121 H'000001E4
TGIC_4 122 H'000001E8
TGID_4 123 H'000001EC
TCIV_4 124 H'000001F0 IPRF11-IPRF8
O Reserved by system 128-135 H'00000200- ad
H'0000021C
A/ID ADIO 136 H'00000220 IPRG15-IPRG12
ADI1 137 H'00000224
DTC SWDTEND 140 H'00000230 IPRG11-IPRG8
CMT CMIO 144 H'00000240 IPRG7-IPRG4
CMI1 148 H'00000250 IPRG3-IPRGO
Watchdog ITI 152 H'00000260 IPRH15-IPRH12
timer
O Reserved by system 153 H'00000264 g
/0 (MTU) MTUPOE 156 H'00000270 IPRH11-IPRH8
O Reserved by system 160-167 H'00000290- ad
H'0000029C
SCl channel 2 ERI_2 168 H'000002A0 IPRI15-IPRI12
RXI_2 169 H'000002A4
TXI_2 170 H'000002A8
TEI_2 171 H'000002AC
SCl channel 3 ERI_3 172 H'000002B0 IPRI11-IPRI8
RXI_3 173 H'000002B4
TXI_3 174 H'000002B8
TEI_3 175 H'000002BC
O Reserved by system 176-179 H’000002C0O— g
H'000002CC Low
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Interrupt Vector  Vector Table Default
Source Name No. Starting Address IPR Priority
MMT TGIM 180 H'000002D0 IPRI3-IPRIO High

TGIN 181 H'000002D4 4
A/ID2 ADI2 184 H'000002E0 IPRJ15-IPRJ12
O Reserved by system 188-196 H'000002F0- ad

H'00000310

I/0 (MMT) MMTPOE 200 H'00000320 IPRK15-IPRK12
O Reserved by system 204-212 H'00000330-

H'000003DC Low

6.6 Interrupt Operation

6.6.1 Interrupt Sequence

The sequence of interrupt operationsis explained below. Figure 6.3 is a flowchart of the
operations.

1
2.

The interrupt request sources send interrupt request signalsto the interrupt controller.

Theinterrupt controller selects the highest priority interrupt in the interrupt requests sent,
according to the priority levels set in interrupt priority level setting registers A—K (IPRA—
IPRK). Interrupts that have lower-priority than that of the selected interrupt are ignored.” If
interrupts that have the same priority level or interrupts within a same module occur
simultaneously, the interrupt with the highest priority is selected according to the default
priority order indicated in table 6.2.

The interrupt controller compares the priority level of the selected interrupt request with the
interrupt mask bits (13-10) in the CPU’ s status register (SR). If the request priority level is
equal to or less than the level set in 1310, the request isignored. If the request priority level is
higher than the level in bits 1310, the interrupt controller accepts the interrupt and sends an
interrupt request signal to the CPU.

When the interrupt controller accepts an interrupt, alow level is output from the IRQOUT pin.
The CPU detects the interrupt request sent from the interrupt controller when CPU decodes the
instruction to be executed. Instead of executing the decoded instruction, the CPU starts
interrupt exception processing (figure 6.5).

SR and PC are saved onto the stack.

The priority level of the accepted interrupt is copied to the interrupt mask level bits (13-10) in
the status register (SR).
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8. When the accepted interrupt is sensed by level or isfrom an on-chip peripheral module, a high
level isoutput from the IRQOUT pin. When the accepted interrupt is sensed by edge, ahigh
level isoutput from the IRQOUT pin at the moment when the CPU starts interrupt exception
processing instead of instruction execution as noted in (5) above. However, if the interrupt
controller accepts an interrupt with a higher priority than the interrupt just to be accepting, the
IRQOUT pin holds low level.

9. The CPU reads the start address of the exception service routine from the exception vector
table for the accepted interrupt, jumps to that address, and starts executing the program. This
jumpis not adelay branch.

Note: * Interrupt requests that are designated as edge-detect type are held pending until the
interrupt requests are accepted. IRQ interrupts, however, can be cancelled by accessing
the IRQ status register (I1SR). Interrupts held pending due to edge detection are cleared
by a power-on reset or amanual reset.
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¢ A

Program
execution state

Save SR to stack
Save PC to stack

Copy accept-interrupt
level to I3 to 10

IRQOUT = high

Read exception
vector table

v

Branch to exception
service routine

[ A \ 4 y

Notes: 13 to 10 are Interrupt mask bits of status register (SR) in the CPU
1. IRQOUT is the same signal as interrupt request signal to the CPU (see figure 6.1).
Therefore, IRQOUT is output when the request priority level is higher than the level in bits 13—10 of SR.
2. When the accepted interrupt is sensed by edge, a high level is output from the IRQOUT pin at the moment when
the CPU starts interrupt exception processing instead of instruction execution (namely, before saving SR to stack).
However, if the interrupt controller accepts an interrupt with a higher priority than the interrupt just to be accepted
and has output an interrupt request to the CPU, the IRQOUT pin holds low level.

Figure6.3 Interrupt Sequence Flowchart
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6.6.2 Stack after Interrupt Exception Processing

Figure 6.4 shows the stack after interrupt exception processing.

Address
4n-8 pct 32 bits | <] gp*2
An—4 SR 32 bits
4n

Notes: 1. PC: Start address of the next instruction (return destination instruction) after the executing
instruction
2. Always make sure that SP is a multiple of 4

Figure6.4 Stack after Interrupt Exception Processing

6.7 Interrupt Response Time

Table 6.3 lists the interrupt response time, which is the time from the occurrence of an interrupt
request until the interrupt exception processing starts and fetching of the first instruction of the
interrupt service routine begins. Figure 6.5 shows an example of the pipeline operation when an
IRQ interrupt is accepted.
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Table6.3 Interrupt Response Time
Number of States
NMI, Peripheral

Item Module IRQ Remarks

DTC active judgment Oorl 1 1 state required for
interrupt signals for which
DTC activation is possible

Interrupt priority judgment 2 3

and comparison with SR

mask bits

Wait for completion of X (=0) X (=0) The longest sequence is

sequence currently being
executed by CPU

for interrupt or address-
error exception processing
X=4+ml+m2+m3+
m4). If an interrupt-
masking instruction follows,
however, the time may be
even longer.

Time from start of
interrupt exception
processing until fetch of
first instruction of
exception service routine
starts

5+ml+m2+m3

5+ml+m2+m3

Performs the saving PC
and SR, and vector
address fetch.

Interrupt Total: (7or8)+ml+ 9+ml+m2+
response m2 + m3+X m3 + X
time Minimum: 10 12 0.25 0.3 s at 40 MHz
Maximum: 12 +2 (ml + m2 13+2 (M1 +m2 0.48 s at 40 MHz"
+m3) + m4 +m3) + m4
Note: * 0.48 ps at 40 MHz is the value in the case thatml =m2=m3=m4 = 1.

m1-m4 are the number of states needed for the following memory accesses.
ml: SR save (longword write)
m2: PC save (longword write)
m3: Vector address read (longword read)

m4: Fetch first instruction of interrupt service routine
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Interrupt acceptance |

L 5+ml+m2+m3 o
3 mim2 1 m3 1,

Q|

|
|

Instruction (instruction I FlD I E I E

replaced by interrupt

exception processing)

Overrun fetch
]
. ) I

Interrupt service routine i m

ldhidhid
I N T
I N I
I N I
l l l l L
MIM[EIM[E]E]
o
[T N T

|

|

|

|

start instruction

Instruction fetch (instruction fetched from memory where program is stored).

: Instruction decoding (fetched instruction is decoded).

Instruction execution (data operation and address calculation is performed according to the results
of decoding).

M: Memory access (data in memory is accessed).

mom

Figure 6.5 Example of the Pipeline Operation when an IRQ Interrupt is Accepted
6.8 Data Transfer with Interrupt Request Signals

The following data transfers can be done using interrupt request signals:
» Activate DTC only, CPU interrupts according to DTC settings

The INTC masks CPU interrupts when the corresponding DTE bit is 1. The conditions for clearing
DTE and interrupt source flag are listed below.

DTE clear condition = DTC transfer end « DTECLR
Interrupt source flag clear condition = DTC transfer end « DTECLR

Where: DTECLR = DISEL + counter O.

Figure 6.6 shows a control block diagram.
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Interrupt source M) : » CPU interrupt request
I_ ; »|DTC activation

request

DTECLR
Transfer end

A

DTE clear

Interrupt source P
flag clear (by DTC) ™

Figure 6.6 Interrupt Control Block Diagram

6.8.1 Handling Interrupt Request Signals as Sour cesfor DTC Activating and CPU
Interrupt

1. For DTC, set the corresponding DTE bits and DISEL bitsto 1.
2. Activating sources are applied to the DTC when interrupts occur.

3. When the DTC performs a data transfer, it clearsthe DTE bit to 0 and sends an interrupt
request to the CPU. The activating source is not cleared.

4. The CPU clearsinterrupt sourcesin the interrupt processing routine then confirms the transfer
counter value. When the transfer counter value is not 0, the CPU setsthe DTE hit to 1 and
allowsthe next datatransfer. If the transfer counter value = 0, the CPU performs the necessary
end processing in the interrupt processing routine.

6.8.2 Handling Interrupt Request Signalsas Sourcefor DTC Activating, but Not CPU
Interrupt

1. For DTC, set the corresponding DTE bitsto 1 and clear the DISEL bitsto O.
2. Activating sources are applied to the DTC when interrupts occur.

3. When the DTC performs a data transfer, it clears the activating source. An interrupt request is
not sent to the CPU, because the DTE hit ishold to 1.

4. However, when the transfer counter value = 0 the DTE hit is cleared to 0 and an interrupt
request is sent to the CPU.

5. The CPU performs the necessary end processing in the interrupt processing routine.
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6.8.3 Handling Interrupt Request Signalsas Sourcefor CPU Interrupt but Not DTC
Activating

1. For DTC, clear the corresponding DTE bitsto O.

2. When interrupts occur, interrupt requests are sent to the CPU.

3. The CPU clearsthe interrupt source and performs the necessary processing in the interrupt
processing routine.
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Section 7 User Break Controller (UBC)

The user break controller (UBC) provides functions that make program debugging easier. By
setting break conditionsin the UBC, auser break interrupt is generated according to the contents
of the bus cycle generated by the CPU or DTC. This function makes it easy to design an effective
self-monitoring debugger, and customers of the chip can easily debug their programs without
using alarge in-circuit emulator.

7.1

Overview

» Thereareb5 types of break compare conditions as follows:

O
g
O
g
O

Address

CPU cycleor DTC cycle
Instruction fetch or data access
Read or write

Operand size: longword/word/byte

e User break interrupt generated upon satisfying break conditions

» User break interrupt generated before an instruction is executed by selecting break in the CPU
instruction fetch.

» Satisfaction of abreak condition can be output to the UBCTRG pin.
¢ Module standby mode can be set
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Figure 7.1 shows a block diagram of the UBC.

——

Bus O S—
interface —

Module bus

UBCR UBBR | |UBAMRH| | UBARH

UBAMRL | | UBARL

J U

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| .
| Break condition
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Internal bus

comparator

User break
> interrupt
® »| generating
circuit

»| Interrupt request

Interrupt controller

L] Trigger output

_ generating » UBCTRG pin output
- circuit

- UBC - — —— -

UBARH, UBARL: User break address registers H, L

UBAMRH, UBAMRL: User break address mask registers H, L

UBBR: User break bus cycle register

UBCR: User break control register

Figure7.1 User Break Controller Block Diagram
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7.2 Register Descriptions

The UBC hasthe following registers. For details on register addresses and register states during
each processing, refer to appendix A, Internal 1/0 Register.

e User break addressregister H (UBARH)

* User break addressregister L (UBARL)

e User break address mask register H (UBAMRH)
» User break address mask register L (UBAMRL)
e User break bus cycle register (UBBR)

e User break control register (UBCR)

721 User Break Address Register (UBAR)

The user break address register (UBAR) consists of two registers: user break address register H
(UBARH) and user break address register L (UBARL). Both are 16-bit readable/writable registers.
UBARH specifies the upper bits (bits 31 to 16) of the address for the break condition, while
UBARL specifies the lower hits (bits 15 to 0). Theinitial value of UBAR is H’00000000.

¢ UBARH Bits 15 to 0: specifies user break address 31 to 16 (UBA31 to UBA16)
¢ UBARL Bits 15 to O: specifies user break address 15 to 0 (UBA15 to UBAOQ)

722 User Break Address Mask Register (UBAMR)

The user break address mask register (UBAMR) consists of two registers: user break address mask
register H (UBAMRH) and user break address mask register L (UBAMRL). Both are 16-bit
readable/writable registers. UBAMRH specifies whether to mask any of the break address bits set
in UBARH, and UBAMRL specifies whether to mask any of the break address bits set in UBARL.

« UBAMRH Bits 15 to 0: specifies user break address mask 31 to 16 (UBM31 to UBM 16)
« UBAMRL Bits 15 to 0: specifies user break address mask 15 to 0 (UBM15 to UBMO)
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Initial
Bit Bit Name Value R/W Description
UBAMRH15t0 UBM31to AllO R/W User Break Address Mask 31 to 16
UBAMRH 0 UBM16 0: Corresponding UBA bit is included in the break

conditions

1: Corresponding UBA bit is not included in the
break conditions

UBAMRL15to0 UBMI15to AllO R/W User Break Address Mask 15 to O

UBAMRLO UBMO 0: Corresponding UBA bit is included in the break
conditions

1: Corresponding UBA bit is not included in the
break conditions

7.2.3 User Break Bus Cycle Register (UBBR)

The user break bus cycle register (UBBR) is a 16-hit readable/writable register that sets the four
break conditions.

Initial
Bit Bit Name  Value R/W Description
15t0 O All 0 R Reserved
8 These bits are always read as 0. The write value should
always be 0.
CP1 0 R/W CPU Cycle/DTC Cycle Select 1 and 0
CPO 0 R/W These bits specify break conditions for CPU cycles or
DTC cycles.

00: No user break interrupt occurs

01: Break on CPU cycles

10: Break on DTC cycles

11: Break on both CPU and DTC cycles
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Bit

Initial
Bit N\ame  Value R/W Description

ID1 0 R/W Instruction Fetch/Data Access Selectl and 0

IDO 0 R/W These bits select whether to break on instruction fetch
and/or data access cycles.

00: No user break interrupt occurs
01: Break on instruction fetch cycles
10: Break on data access cycles

11: Break on both instruction fetch and data access
cycles

RW1 0 R/W Read/Write Select 1 and O

RWO 0 R/W These bits select whether to break on read and/or write
cycles

00: No user break interrupt occurs

01: Break on read cycles

10: Break on write cycles

11: Break on both read and write cycles

Sz1 0 R/W Operand Size Select 1 and 0
SZ0 0 R/W These bits select operand size as a break condition.
00: Operand size is not a break condition
01: Break on byte access
10: Break on word access
11: Break on longword access

Note:

* When breaking on an instruction fetch, clear the SZ0 bit to 0. All instructions are
considered to be accessed in word-size (even when there are instructions in on-chip
memory and two instruction fetches are performed simultaneously in one bus cycle).
Operand size is word for instructions or determined by the operand size specified for
the CPU/DTC data access. It is not determined by the bus width of the space being
accessed.
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724 User Break Control Register (UBCR)

The user break control register (UBCR) is a 16-bit readable/writable register that (1) enables or
disables user break interrupts and (2) sets the pulse width of the UBCTRG signal output in the

event of abreak condition match.

Initial

Bit Bit Name  Value R/W Description

15t0 0O All 0 R Reserved

3 These bits are always read as 0. The write value should
always be 0.

2 CKs1 0 R/W Clock Select 1 and 0

CKSO0 0 R/W These bits specify the pulse width of the UBCTRG signal

output in the event of a condition match.
00: UBCTRG pulse width is @
01: UBCTRG pulse width is ¢/4
10: UBCTRG pulse width is ¢/8
11: UBCTRG pulse width is ¢/16
Note: @means internal clock

0 UBID 0 R/W User Break Disable

Enables or disables user break interrupt request
generation in the event of a user break condition match.

0: User break interrupt request is enabled
1: User break interrupt request is disabled
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Section 7 User Break Controller (UBC)

7.3 Operation

731 Flow of the User Break Operation

The flow from setting of break conditionsto user break interrupt exception processing is described
below:

1

The user break addresses are set in the user break address register (UBAR), the desired masked
bitsin the addresses are set in the user break address mask register (UBAMR) and the breaking
bus cycletypeis set in the user break bus cycle register (UBBR). If even one of the three
groups of the UBBR’s CPU cycle/DTC cycle select bits (CP1, CP0), instruction fetch/data
access select bits (ID1, I1D0), and read/write select bits (RW1, RWO) is set to 00 (no user break
generated), no user break interrupt will be generated even if all other conditions are satisfied.
When using user break interrupts, always be certain to establish bit conditions for al of these
three groups.

The UBC uses the method shown in figure 7.2 to determine whether set conditions have been
satisfied or not. When the set conditions are satisfied, the UBC sends a user break interrupt
request signal to the interrupt controller (INTC). At the same time, a condition match signal is
output at the UBCTRG pin with the pulse width set in bits CKS1 and CKS0.

Theinterrupt controller checks the accepted user break interrupt request signal’s priority level.
The user break interrupt has priority level 15, so it is accepted only if the interrupt mask level
in bits 13- 0 in the status register (SR) is 14 or lower. When the 1310 bit level is 15, the user
break interrupt cannot be accepted but it is held pending until user break interrupt exception
processing can be carried out. Consequently, user break interrupts within NMI exception
service routines cannot be accepted, since the I3-10 hit level is 15. However, if the 1310 bit
level is changed to 14 or lower at the start of the NMI exception service routine, user break
interrupts become acceptabl e thereafter. See Section 6 Interrupt Controller (INTC) for the
details on the handling of priority levels.

The INTC sends the user break interrupt request signal to the CPU, which begins user break
interrupt exception processing upon receipt. See Section 6.6 Interrupt Operation, for the details
on interrupt exception processing.
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Internal address
bits 31-0

CPU cycle

DTC cycle

Instruction fetch

Data access

Read cycle

Write cycle

Byte size

Word size

Longword size

[ UBARH/UBARL | [UBAMRH/UBAMRL
32
32 -
32 7

cP1

RW1

SZ1 | SZ0

32

D

w%@wqu v?v &

| UBID I

User
break
interrupt

Figure7.2 Break Condition Determination Method
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Section 7 User Break Controller (UBC)

732 Break on On-Chip Memory Instruction Fetch Cycle

Datain on-chip memory (on-chip ROM and/or RAM) is always accessed as 32-bits datain one
bus cycle. Therefore, two instructions can be retrieved in one bus cycle when fetching instructions
from on-chip memory. At such times, only one bus cycle is generated, but it is possible to cause
independent breaks by setting the start addresses of both instructionsin the user break address
register (UBAR). In other words, when wanting to effect a break using the latter of two addresses
retrieved in one bus cycle, set the start address of that instruction in UBAR. The break will occur
after execution of the former instruction.

7.33 Program Counter (PC) Values Saved

Break on Instruction Fetch: The program counter (PC) value saved to the stack in user break
interrupt exception processing is the address that matches the break condition. The user break
interrupt is generated before the fetched instruction is executed. If abreak condition is set in an
instruction fetch cycle placed immediately after a delayed branch instruction (delay slot), or on an
instruction that follows an interrupt-disabled instruction, however, the user break interrupt is not
accepted immediately, but the break condition establishing instruction is executed. The user break
interrupt is accepted after execution of the instruction that has accepted the interrupt. In this case,
the PC value saved is the start address of the instruction that will be executed after the instruction
that has accepted the interrupt.

Break on Data Access (CPU/DTC): The program counter (PC) value is the top address of the
next instruction after the last instruction executed before the user break exception processing
started. When data access (CPU/DTC) is set as a break condition, the place where the break will
occur cannot be specified exactly. The break will occur at the instruction fetched close to where
the data access that isto receive the break occurs.
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7.4 Examples of Use
Break on CPU Instruction Fetch Cycle

1. Register settings: UBARH = H'0000
UBARL = H'0404
UBBR = H'0054
UBCR = H'0000
Conditionsset:  Address: H'00000404
Bus cycle: CPU, instruction fetch, read
(operand size is not included in conditions)
Interrupt requests enabled
A user break interrupt will occur before the instruction at address H'00000404. If it is possible
for the instruction at H'00000402 to accept an interrupt, the user break exception processing
will be executed after execution of that instruction. The instruction at H'00000404 is not
executed. The PC value saved is H'00000404.

2. Register settings: UBARH = H'0015

UBARL = H'389C
UBBR = H'0058
UBCR = H'0000

Conditionsset:  Address. H'0015389C
Bus cycle: CPU, instruction fetch, write
(operand size is not included in conditions)
Interrupt requests enabled

A user break interrupt does not occur because the instruction fetch cycleis not awrite cycle.

3. Register settings: UBARH = H'0003
UBARL = H'0147
UBBR = H'0054
UBCR = H'0000
Conditionsset:  Address; H'00030147
Bus cycle: CPU, instruction fetch, read
(operand size is not included in conditions)
Interrupt requests enabled
A user break interrupt does not occur because the instruction fetch was performed for an even
address. However, if the first instruction fetch address after the branch is an odd address set by
these conditions, user break interrupt exception processing will be carried out after address
error exception processing.
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Break on CPU Data Access Cycle

1. Register settings: UBARH = H'0012

Conditions set:

UBARL = H'3456
UBBR = H'006A
UBCR = H'0000

Address; H'00123456
Bus cycle: CPU, data access, write, word
Interrupt requests enabled

A user break interrupt occurs when word data is written into address H'00123456.

2. Register settings: UBARH = H'00A8

Conditions set:

UBARL = H'0391

UBBR = H'0066

UBCR = H'0000

Address; H'00A80391

Bus cycle: CPU, data access, read, word
Interrupt requests enabled

A user break interrupt does not occur because the word access was performed on an even

address.

Break on DTC Cycle

1. Register settings: UBARH = H'0076

Conditions set:

UBARL =H'BCDC

UBBR = H'00A7

UBCR = H'0000

Address; H'0076BCDC

Bus cycle: DTC, data access, read, longword
Interrupt requests enabled

A user break interrupt occurs when longword datais read from address H'0076BCDC.

2. Register settings: UBARH = H'0023

Conditions set:

UBARL = H'45C8

UBBR = H'0094

UBCR = H'0000

Address; H'002345C8

Buscycle: DTC, instruction fetch, read
(operand size is not included in conditions)
Interrupt requests enabled
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A user break interrupt does not occur because no instruction fetch is performed in the DTC
cycle.

75 Usage Notes

751 Simultaneous Fetching of Two Instructions

Two instructions may be simultaneously fetched in instruction fetch operation. Once a break
condition is set on the latter of these two instructions, a user break interrupt will occur before the
latter instruction, even though the contents of the UBC registers are modified to change the break
conditions immediately after the fetching of the former instruction.

7.5.2 Instruction Fetches at Branches

When a conditional branch instruction or TRAPA instruction causes a branch, the order of
instruction fetching and execution is as follows:

1. When branching with a conditional branch instruction: BT and BF instructions
When branching with a TRAPA instruction: TRAPA instruction
a Ingtruction fetch order

Branch instruction fetch — next instruction overrun fetch — overrun fetch of instruction
after the next — branch destination instruction fetch

b. Instruction execution order
Branch instruction execution — branch destination instruction execution
2. When branching with adelayed conditional branch instruction: BT/S and BF/S instructions
a. Instruction fetch order

Branch instruction fetch — next instruction fetch (delay slot) - overrun fetch of
instruction after the next — branch destination instruction fetch

b. Instruction execution order

Branch instruction execution — delay slot instruction execution - branch destination
instruction execution

Thus, when a conditional branch instruction or TRAPA instruction causes a branch, the branch
destination instruction will be fetched after an overrun fetch of the next instruction or the
instruction after the next. However, as the instruction that is the object of the break does not break
until fetching and execution of the instruction have been confirmed, the overrun fetches described
above do not become objects of abreak.
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Section 7 User Break Controller (UBC)

If data accesses are also included in break conditions besides instruction fetch, a break will occur
because the instruction overrun fetch is also regarded as satisfying the data break condition.

753 Contention between User Break and Exception Processing

If auser break is set for the fetch of a particular instruction, and exception processing with higher
priority than a user break isin contention and is accepted in the decode stage for that instruction
(or the next instruction), user break exception processing may not be performed after completion
of the higher-priority exception service routine (on return by RTE).

Thus, if auser break condition is specified to the branch destination instruction fetch after a
branch (BRA, BRAF, BT, BF, BT/S, BF/S, BSR, BSRF, IMP, JSR, RTS, RTE, exception
processing), and that branch instruction accepts an exception processing with higher priority than a
user break interrupt, user break exception processing is not performed after completion of the
exception service routine.

Therefore, a user break condition should not be set for the fetch of the branch destination
instruction after a branch.

754 Break at Non-Delay Branch Instruction Jump Destination

When a branch instruction without delay dot (including exception processing) jumpsto the
destination instruction by executing the branch, auser break will not be generated even if auser
break condition has been set for the first jump destination instruction fetch.

755 User Break Trigger Output

Information on internal bus condition matches monitored by the UBC is output as UBCTRG. The
trigger width can be set with clock select bits 1 and 0 (CKS1, CKS0) in the user break control
register (UBCR).

If a condition match occurs again during trigger output, the UBCTRG pin continues to output a
low level, and outputs a pulse of the length set in bits CKS1 and CK S0 from the cycle in which the
last condition match occurs.

The trigger output conditions differ from those in the case of a user break interrupt when a CPU
instruction fetch condition is satisfied. When a condition match occursin an overrun fetch
instruction as described in Section 7.5.2, Instruction Fetch at Branches, a user break interrupt is
not requested but a trigger is output from the UBCTRG pin.
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In other CPU data accesses and DTC bus cycles, pulse is output under the conditions similar to
user break interrupt conditions.

Setting the user break interrupt disable (UBID) bit to 1 in UBCR enables trigger output to be
monitored externally without requesting a user break interrupt.

7.5.6 M odule Standby M ode Setting

The UBC can set the module disable/enable by using the module standby control register 2
(MSTCR2). By releasing the module standby mode, register access becomes to be enabled.

By setting the MSTPO bit of MSTCR2 to 1, the UBC is in the module standby mode in which the
clock supply is halted. See section 21, Power-Down Modes, for further details.
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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 a block diagram of the DTC.

The DTC sregister information is stored in the on-chip RAM. When the DTC is used, the RAME
bit in SY SCR must be set to 1.

8.1 Features

» Transfer possible over any number of channels
» Threetransfer modes
Normal, repeat, and block transfer modes available
« One activation source can trigger a number of data transfers (chain transfer)
» Direct specification of 32-bit address space possible
e Activation by software is possible
e Transfer can be set in byte, word, or longword units
e Theinterrupt that activated the DTC can be requested to the CPU
¢ Module standby mode can be set
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T

| On-chip ROM k
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DTMR

Bus interface DTC module bus
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Legend:
DTMR: DTC mode register DTIAR: DTC initial address register
DTCR: DTC transfer count register DTER: DTC enable register

DTSAR: DTC source address register
DTDAR: DTC destination address register

DTCSR: DTC control/status register
DTBR: DTC information base register

Figure8.1 Block Diagram of DTC
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8.2 Register Descriptions

DTC hasthe following registers.

DTC mode register (DTMR)

DTC source address register (DTSAR)
DTC destination address register (DOTDAR)
DTC initial addressregister (DTIAR)

DTC transfer count register A (DTCRA)
DTC transfer count register B (DTCRB)

These six registers cannot be directly accessed from the CPU.

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

DTC enable register A (DTEA)

DTC enable register B (DTEB)

DTC enable register C (DTEC)

DTC enable register D (DTED)

DTC enable register E (DTEE)

DTC enable register F (DTEF)

DTC control/status register (DTCSR)
DTC information base register (DTBR)

For details on register addresses and register states during each processing, refer to appendix A,
Internal I/O Register.
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821

DTC Mode Register (DTMR)

DTMR is a16-hit register that selects the DTC operating mode.

Bit

Bit Name

Initial
Value

R/W

Description

15
14

SM1
SMO

Undefined
Undefined

O
O

Source Address Mode 1 and 0

These bits specify a DTSAR operation after a data
transfer.

Ox: DTSAR is fixed

10: DTSAR is incremented after a transfer
(by +1 when Sz 1 and 0 = 00; by +2 when Sz 1
and 0 = 01; by +4 when Sz 1 and 0 = 10)

11: DTSAR is decremented after a transfer
(by -1 when Sz 1 and 0 = 00; by —2 when Sz 1
and 0 = 01; by -4 when Sz 1 and 0 = 10)

13
12

DM1
DMO

Undefined
Undefined

Destination Address Mode 1 and 0

These bits specify a DTDAR operation after a data
transfer.

Ox: DTDAR is fixed

10: DTDAR is incremented after a transfer
(by +1 when Sz 1 and 0 = 00; by +2 when Sz 1
and 0 = 01; by +4 when Sz 1 and 0 = 10)

11: DTDAR is decremented after a transfer
(by -1 when Sz 1 and 0 = 00; by —2 when Sz 1
and 0 = 01; by —4 when Sz 1 and 0 = 10)

11
10

MD1
MDO

Undefined
Undefined

DTC Mode 1 and O

These bits specify the DTC transfer mode.
00: Normal mode

01: Repeat mode

10: Block transfer mode

11: Setting prohibited

Sz1
Sz0

Undefined
Undefined

DTC Data Transfer Size 1 and 0

Specify the size of data to be transferred.
00: Byte-size transfer

01: Word-size transfer

10: longword-size transfer

11: Setting prohibited
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Initial

Bit Bit Name  Value R/W Description

7 DTS Undefined 0O DTC Transfer Mode Select
Specifies whether the source or the destination is set
to be a repeat area or block area, in repeat mode or
block transfer mode.
0: Destination is repeat area or block area
1: Source is repeat area or block area

6 CHNE Undefined [ DTC Chain Transfer Enable
When this bit is set to 1, a chain transfer will be
performed.
0: Chain transfer is canceled
1: Chain transfer is set
In data transfer with CHNE set to 1, determination of
the end of the specified number of transfers, clearing
of the activation source flag, and clearing of DTER is
not performed.

5 DISEL Undefined O DTC Interrupt Select
When this bit is set to 1, a CPU interrupt request is
generated for every DTC 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.

4 NMIM Undefined 0O DTC NMI Mode
This bit designates whether to terminate transfers
when an NMl is input during DTC transfers.
0: Terminate DTC transfer upon an NMI
1: Continue DTC transfer until end of transfer being

executed
3to0 O All O Reserved
Undefined These bits have no effect on DTC operation and

should always be written with 0.

X: Don't care
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8.2.2 DTC Source Address Register (DTSAR)

The DTC source address register (DTSAR) is a 32-bit register that specifiesthe DTC transfer
source address. Specify an even addressin case the transfer size is word; specify a multiple-of-
four addressin case of longword. The initial value is undefined.

8.2.3 DTC Destination Address Register (DTDAR)

The DTC destination address register (DTDAR) is a 32-bit register that specifiesthe DTC transfer
destination address. Specify an even addressin case the transfer size is word; specify amultiple-
of-four address in case of longword. Theinitial value is undefined.

8.24 DTC Initial Address Register (DTIAR)

The DTC initial addressregister (DTIAR) is a 32-bit register that specifiesthe initial transfer
source/transfer destination address in repeat mode. In repeat mode, when the DTS hitisset to 1,
specify theinitial transfer source address in the repeat area, and when the DTS bit is cleared to O,
specify theinitial transfer destination address in the repeat area. Theinitia value is undefined.

8.25 DTC Transfer Count Register A (DTCRA)

DTCRA isa 16-bit register that designates the number of times datais to be transferred by the
DTC. Theinitia value is undefined.

In normal mode, the entire DTCRA functions as a 16-hit transfer counter (1 to 65536). It is
decremented by 1 every time datais transferred, and transfer ends when the count reaches H'0000.
The number of transfersis 1 when the set value is H'0001, 65535 when it is H'FFFF, and 65536
when it is H'0000.

In repeat mode, DTCRAH maintains the transfer count and DTCRAL functions as an 8-bit
transfer counter. The number of transfersis 1 when the set valueis DTCRAH = DTCRAL = H'01,
255 when they are H'FF, and 256 when it is H'00.

In block transfer mode, it functions as a 16-bit transfer counter. The number of transfersis 1 when
the set value is H'0001, 65535 when it is H'FFFF, and 65536 when it is H'0000.

8.2.6 DTC Transfer Count Register B (DTCRB)

The DTCRB is a 16-hit register that designates the block length in block transfer mode. The block
length is 1 when the set value is H'0001, 65535 when it is H'FFFF, and 65536 when it is H'0000.
The initial value is undefined.
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8.2.7 DTC Enable Registers (DTER)

DTER which is comprised of seven registers, DTEA to DTEF, is aregister that specifiesDTC
activation interrupt sources. The correspondence between interrupt sources and DTE bitsis shown
intable 8.1.

Initial
Bit Bit Name  Value R/W Description
7 DTE*7 0 R/W DTC Activation Enable 7 to O
6 DTE*6 0 R/W Setting this bit to 1 specifies the corresponding interrupt
5 DTE*5 0 R/W source to a DTC activation source.
4 DTE*4 0 R/W [Clearing conditions]
3 DTE*3 0 R/W * When the DISEL bit is 1 and the data transfer has
2 DTE*2 0 RIW ended
1 DTE*1 0 RIW * When the specified number of transfers have ended
0 DTE*0 0 RIW « 0 is written to the bit to be cleared after 1 has been

read from the bit

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

[Setting condition]

1 is written to the bit to be set after a 0 has been read
from the bit

Note: * The last character of the DTC enable register's name comes here.
Example: DTEB3 in DTEB, etc.
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8.2.8 DTC Control/Status Register (DTCSR)

The DTCSR is a 16-bit readable/writable register that disables/enables DTC activation by software
and sets the DTC vector addresses for software activation. It also indicates the DTC transfer
status.

Initial
Bit Bit Name  Value R/W Description
15 O 0 R Reserved
14 O 0 R These bits have no effect on DTC operation and should
13 0 0 R always be written with 0.
12 O 0 R
11 O 0 R
10 NMIF 0 R/(W)**  NMI Flag Bit
This bit indicates that an NMI interrupt has occurred.
0: No NMI interrupts
[Clearing condition]
» Write O after reading the NMIF bit
1. NMIl interrupt has been generated
When the NMIF bit is set, DTC transfers are not
allowed even if the DTER bit is set to 1. If, however,
a transfer has already started with the NMIM bit of
the DTMR set to 1, execution will continue until that
transfer ends.
9 AE 0 R/(W)** Address Error Flag
This bit indicates that an address error by the DTC has
occurred.

0: No address error by the DTC
[Clearing condition]
» Write O after reading the AE bit

1. An address error by the DTC occurred

When the AE bit is set, DTC transfers are not allowed
even if the DTER bit is set to 1.

8 SWDTE 0 R/W*®  DTC Software Activation Enable
Setting this bit to 1 activates DTC.
0: DTC activation by software disabled

1: DTC activation by software enabled
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Initial
Bit Bit Name  Value R/W Description
7 DTVEC7 0 R/W DTC Software Activation Vectors 7 to 0
6 DTVEC6 0 R/W These bits specify the lower eight bits of the vector
5 DTVECS 0 RIW addresses for DTC activation by software.
4 DTVEC4 0 R/W A vector address is calculated as H'0400 + DTVEC

(7:0). Always specify 0 for DTVECO. For example, when

3 DTVEC3 0 RIW DTVEC7 to DTVECO = H'10, the vector address is
2 DTVEC2 0 R/W H'0410. When the bit SWDTE is 0, these bits can be
1 DTVECL 0 Rw  Writtento.
0 DTVECO 0 R/W

Notes: 1. For the NMIF and AE bits, only a O write after a 1 read is possible.

2. For the SWDTE bit, a 1 write is always possible, but a 0 write is possible only after a 1
is read.

8.2.9 DTC Information Base Register (DTBR)

The DTBR is a 16-bit readable/writable register that specifies the upper 16 bits of the memory
address containing DTC transfer information. Always accessthe DTBR in word or longword
units. If it is accessed in byte units the register contents will become undefined at the time of a
write, and undefined values will be read out upon reads. The initial value is undefined.

8.3 Operation

8.3.1 Activation Sour ces

The DTC operates when activated by an interrupt or by awrite to DTCSR by software. An
interrupt request can be directed to the CPU or DTC, as designated by the corresponding DTER
bit. At the end of adatatransfer (or the last consecutive transfer in the case of chain transfer), the
activation source interrupt flag or corresponding DTER bit is cleared. The activation source flag,
in the case of RXI1_2, for example, isthe RDRF flag of SCI2.

When aDTC is activated by an interrupt, 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 activation source control. For details see section 6, Interrupt
Controller (INTC).
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IRQ
on-chip
peripheral

Interrupt requests

Source flag clear

DTC
DTER

DTC control

CPU interrupt requests
(those not designated as
DTC activating sources)

INTC

DTC activation

CIearT ¢ request

Figure8.2 Activating Source Control Block Diagram

8.3.2 L ocation of Register Information and DTC Vector Table

Figure 8.3 shows the allocation of register information in memory space. The register information
start addresses are designated by DTBR for the upper 16 bits, and the DTC vector table for the

lower 16 bits.

The alocation in order from the register information start address in normal modeis DTMR,

DTCRA, 4 bytes empty (no effect on DTC operation), DTSAR, then DTDAR. In repeat modeit is
DTMR, DTCRA, DTIAR, DTSAR, and DTDAR. In block transfer mode, it isDTMR, DTCRA, 2
bytes empty (no effect on DTC operation), DTCRB, DTSAR, then DTDAR.

Fundamentally, certain RAM areas are designated for addresses storing register information.

Register >

information
start address

Memory space

\_/’\

Memory space

\_/’\

Memory space

\_/’\

Normal mode

Repeat mode

DTMR - F DTMR_1 F DTMR_
[ DTCRA A [ DTCRA A L DTCRA A
: 3 [ DTIAR 3 L DTCRB A
F DTSAR F DTSAR 1 F DTSAR 1
F DTDAR F DTDAR F DTDAR

-

_/

Block transfer mode

Register
information

Figure8.3 DTC Register Information Allocation in Memory Space
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Figure 8.4 shows the correspondence between DTC vector addresses and register information
allocation. For each DTC activating source there are 2 bytes in the DTC vector table, which
contain the register information start address.

Table 8.1 shows the correspondence between activating sources and vector addresses. When
activating with software, the vector addressis calculated as H' 0400 + DTVEC[7:0].

Through DTC activation, aregister information start address is read from the vector table, then
register information placed in memory space is read from that register information start address.
Always designate register information start addresses in multiples of four.

DTC vector address

DTBR

Transfer information
start address
(upper 16 bits)

DTC vector table

_Register information |
start address

(lower 16 bits)

\_/-\

Memory space

|

Register
information

|

Figure8.4 Correspondence between DTC Vector Addressand Transfer Information
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Table8.1 Interrupt Sources, DTC Vector Addresses, and Corresponding DTEs
Activating
Source Activating DTC Vector Transfer Transfer
Generator Source Address DTE Bit  Source Destination  Priority
MTU (CH4) TGI4A H'00000400 DTEA7  Arbitrary®  Arbitrary” High
TGI4B H'00000402 DTEA6  Arbitrary*  Arbitrary” *
TGl4C H'00000404 DTEA5  Arbitrary*  Arbitrary”
TGI4D H'00000406 DTEA4  Arbitrary*  Arbitrary”
TGl4V H'00000408 DTEA3  Arbitrary®  Arbitrary”
MTU (CH3) TGI3A H'0000040A DTEA2  Arbitrary*  Arbitrary”
TGI3B H'0000040C DTEA1  Arbitrary®  Arbitrary”
TGI3C H'0000040E DTEAO  Arbitrary®  Arbitrary”
TGI3D H'00000410 DTEB7  Arbitrary®  Arbitrary”
MTU (CH2) TGI2A H'00000412 DTEB6  Arbitrary*  Arbitrary”
TGI2B H'00000414 DTEB5  Arbitrary®  Arbitrary”
MTU (CH1) TGI1A H'00000416 DTEB4  Arbitrary*  Arbitrary”
TGI1B H'00000418 DTEB3  Arbitrary®  Arbitrary”
MTU (CHO) TGIOA H'0000041A DTEB2  Arbitrary*  Arbitrary”
TGIOB H'0000041C DTEB1  Arbitrary®  Arbitrary”
TGIOC H'0000041E DTEBO  Arbitrary®  Arbitrary”
TGIOD H'00000420 DTEC7  Arbitrary*  Arbitrary”
A/D converter  ADIO H'00000422 DTEC6 ADDR Arbitrary™
(CHO)
External pin IRQO H'00000424 DTECS5  Arbitrary®  Arbitrary”
IRQ1 H'00000426  DTEC4  Arbitrary®  Arbitrary”
IRQ2 H'00000428 DTEC3  Arbitrary*  Arbitrary”
IRQ3 H'0000042A DTEC2  Arbitrary®  Arbitrary”
(Reserved by H0000042C DTEC1  Arbitrary®  Arbitrary”
system)
(Reserved by H'0000042E DTECO  Arbitrary®  Arbitrary”
system)
eserve rbitral rbitral
R dby HO00000430 DTED7  Arbitrary®  Arbitrary”
system)
(Reserved by H00000432 DTED6  Arbitrary®  Arbitrary” v
system) Low
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Section 8 Data Transfer Controller (DTC)

Activating
Source Activating DTC Vector Transfer Transfer
Generator Source Address DTE Bit  Source Destination  Priority
CMT (CHO) CMIO H'00000434 DTED5  Arbitrary®  Arbitrary” High
CMT (CH1) CMI1 H'00000436 DTED4  Arbitrary*  Arbitrary” *
Reserved O H'00000438—- O g g
00000443
A/D converter  ADI1 H'00000444 DTEE5 ADDR Arbitrary™
(CH1)
A/D converter  ADI2 H'00000446 DTEE4 ADDR Arbitrary”
(CH2)
SCI2 RXI_2 H'00000448 DTEE3  RDR_2 Arbitrary®
TXI 2 H'0000044A  DTEE2  Arbitrary* TDR_2
SCI3 RXI_3 H'0000044C DTEE1 RDR_3 Arbitrary®
TXI_3 H'0000044E  DTEEO  Arbitrary* TDR_3
Reserved O H'00000450- O O d
H'00000453
MMT TGN H'00000454 DTEF5  Arbitrary®  Arbitrary”
TGM H'00000456  DTEF4  Arbitrary®  Arbitrary”
Reserved O H'00000458—- O O O
H'0000049F
Software Write to H'0400+ O Arbitrary®  Arbitrary” v
DTCSR DTVEC[7:0] Low

Note: * On-chip memory, on-chip peripheral modules (excluding DTC)

8.3.3 DTC Operation

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

Pre-storage of register information in the 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 to 1 makesit possible to perform a number of transfers with asingle
activation source (chain transfer).

The 32-bit DTSAR designates the DTC transfer source address and the 32-bit DTDAR designates
the transfer destination address. After each transfer, DTSAR and DTDAR are independently
incremented, decremented, or left fixed depending on its register information.
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Section 8 Data Transfer Controller (DTC)

( Start )
v

Initial settings
DTMR, DTCR, DTIAR, DTSAR, DTDAR

&
<

Transfer request
generated?

| DTC vector read |

|1

<

| Transfer information read |

DTCRA = DTCRA — 1 (normal/block transfer mode)
DTCRAL = DTCRAL — 1 (repeat mode)

<

Transfer (1 transfer unit)
DTSAR, DTDAR update
DTCRB = DTCRB — 1 (block transfer mode)

transfer mode and
DTCRB # 02

| Transfer information write | | Transfer information write

| NMI or address error | No

Yes

CPU interrupt request
When DISEL = 1 or DTCRA = 0 (normal/block transfer mode)
When DISEL = 1 (repeat transfer mode)

y
)

Figure8.5 DTC Operation Flowchart
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Section 8 Data Transfer Controller (DTC)

Normal Mode: Performs the transfer of one byte, one word, or one longword for each activation.
The total transfer count is 1 to 65536. Once the specified number of transfers have ended, a CPU
interrupt can be requested.

Table8.2 Normal Mode Register Functions

Values Written Back upon a Transfer Information Write

Register Function When DTCRA is other than1 When DTCRA is 1
DTMR Operation mode DTMR DTMR
control
DTCRA Transfer count DTCRA-1 DTCRA — 1 (= H'0000)
DTSAR Transfer source Increment/decrement/fixed Increment/decrement/fixed
address
DTDAR Transfer destination Increment/decrement/fixed Increment/decrement/fixed
address
N — N N—— N
DTSAR —» — ~— DTDAR
Transfer
|
N~ — N~ —

Figure8.6 Memory Mappingin Normal Mode

Repeat M ode: Performs the transfer of one byte, one word, or one longword for each activation.
Either the transfer source or transfer destination is designated as the repeat area. 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.
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Section 8 Data Transfer Controller (DTC)

Table8.3 Repeat Mode Register Functions

Values Written Back upon a Transfer Information Write

Register Function When DTCRA is other than1  When DTCRA is 1
DTMR Operation mode DTMR DTMR
control
DTCRAH Transfer count save DTCRAH DTCRAH
DTCRAL Transfer count DTCRAL -1 DTCRAH
DTIAR Initial address (Not written back) (Not written back)
DTSAR Transfer source Increment/decrement/fixed (DTS = 0) Increment/
address decrement/fixed
(DTS =1) DTIAR
DTDAR Transfer destination Increment/decrement/fixed (DTS =0) DTIAR
address (DTS = 1) Increment/
decrement/fixed
N— N—
DTSAR DTDAR
or — Repeat area <:> ~-— or
DTDAR Transfer DTSAR
Y Y
N N N N

Figure8.7 Memory Mapping in Repeat Mode

Block Transfer Mode: Performs the transfer of one block for each one activation. Either the
transfer source or transfer destination is designated as the block area.

The block length is specified between 1 and 65536. When the transfer of one block ends, the
initial 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.
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From 1 to 65,536 transfers can be specified. Once the specified number of transfers have ended, a
CPU interrupt is requested.

Table8.4 Block Transfer Mode Register Functions

Register Function Values Written Back upon a Transfer Information Write
DTMR Operation mode DTMR
control
DTCRA Transfer count DTCRA-1
DTCRB Block length (Not written back)
DTSAR Transfer source (DTS = 0) Increment/ decrement/ fixed
address (DTS = 1) DTSAR initial value
DTDAR Transfer destination (DTS = 0) DTDAR initial value
address

(DTS = 1) Increment/ decrement/ fixed

First block
=- m
DTSAR B . 1 B 1 DTDAR
or —- . <:> Block area ~-— Or
DTDAR n . 1 Transfer | ] DTSAR
B 7 N~ —
Nth block
A
N~

Figure8.8 Memory Mapping in Block Transfer Mode
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Section 8 Data Transfer Controller (DTC)

Chain Transfer: Setting the CHNE bit to 1 enables a number of data transfers to be performed
consecutively in asingle activation source. DTSAR, DTDAR, DTMR, DTCRA, and DTCRB can
be set independently.

Figure 8.9 shows the chain transfer.

When activated, the DTC reads the register information start address stored at the vector address,
and then reads the first register information at that start address. After the data transfer, the CHNE
bit will be tested. When it has been set to 1, DTC reads next register information located in a
consecutive area and performs the data transfer. These sequences are repeated until the CHNE bit
iscleared to 0.

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 T ~~——
Source
/x/ /x/
. ) Destination
Register information
CHNE =1
DTC vector Register information I;
address start address Register information
CHNE =0
— Source
- ~——_ - ~——_
Destination
—/
) ~—_

Figure8.9 Chain Transfer
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8.34 Interrupt Source

An interrupt request isissued to the CPU when the DTC finishes the specified number of data
transfers, 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 activation by software, a software activated data transfer end interrupt (SWDTEND)
is generated.

When the DISEL bit is 1 and one data transfer has ended, or the specified number of transfers
have ended, after data transfer ends, the SWDTE bit isheld at 1 and an SWDTEND interrupt is
generated. The interrupt handling routine should clear the SWDTE hit to 0.

When the DTC is activated by software, an SWDTEND interrupt is not generated during a data
transfer wait or during data transfer even if the SWDTE bit isset to 1.

Note: When the DTCR contains avalue equal to or greater than 2, the SWDTE bit is
automatically cleared to 0. When the DTCR is set to 1, the SWDTE bit isagain set to 1.

8.35 Operation Timing

When register information is located in on-chip RAM, each mode requires 4 cycles for transfer
information reads, and 3 cycles for writes.

o NN NNNANNNNT ST

Activating

source —0 / \

DTC

request — \

Address O ORI XTI
Vector Transfer information Data Transfer
read read transfer information write

Figure8.10 DTC Operation Timing Example (Normal Mode)
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Section 8 Data Transfer Controller (DTC)

8.3.6 DTC Execution State Counts

Table 8.5 shows the execution state for one DTC data transfer. Furthermore, Table 8.6 shows the
state counts needed for execution state.

Table85 Execution State of DTC

Register
Information Internal
Vector Read Read/Write Data Read Data Write Operation
Mode | J K L M
Normal 1 7 1 1 1
Repeat 1 7 1 1 1
Block transfer 1 7 N N 1

Note: N means a block size (default set values of DTCRB)

Table8.6 State CountsNeeded for Execution State

On-chip  On-chip

Access Objective RAM ROM Internal I/O Register
Bus width 32 32 32 32
Access state 1 1 2" 3*
Execution Vector read S, O 1 O O
state Register information read/write S, 1 1 O O
Byte data read S, 1 1 2 3
Word data read S, 1 1 2 3
Longword data read S, 1 1 4 6
Byte data write S, 1 1 2 3
Word data write S, 1 1 2 3
Longword data write S, 1 1 4 6
Internal operation S, 1 1 1 1

Notes: 1. Two state access modules: Port, INT, CMT, SCI, etc.
2. Three state access modules: WDT, UBC, etc.

The execution state count is calculated using the following formula. X indicates the number of
transfers by one activating source (count + 1 when CHNE bit isset to 1).

Execution state count=1-S +>(J-S,+K-S +L-S)+M-S,
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Section 8 Data Transfer Controller (DTC)

84 Proceduresfor Using DTC

84.1 Activation by Interrupt

The procedure for using the DTC with interrupt activation is asfollows:

1

a s~ DN

Set the DTMR, DTCRA, DTSAR, DTDAR, DTCRB, and DTIAR register information in
memory space.

Establish the register information start address with DTBR and the DTC vector table.

Set the corresponding DTER hit to 1.

The DTC is activated when an interrupt source occurs.

When interrupt requests are not made to the CPU, the interrupt source is cleared, but the DTER
is not. When interrupts are requested, the interrupt source is not cleared, but the DTER is.
Interrupt sources are cleared within the CPU interrupt routine. When doing continuous DTC
datatransfers, set the DTER to 1.

84.2 Activation by Software

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

1

o gk, WD

Set the DTMR, DTCRA, DTSAR, DTDAR, DTCRB, and DTIAR register information in
memory space.

Set the start address of the register information in the DTC vector address.

Check that the SWDTE hit isO.

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

Check the vector number written to DTVEC.

After the end of one data transfer, if the DISEL bit is 0 and a CPU interrupt is not requested,
the SWDTE hit is cleared to 0. If the DTC is to continue transferring data, set the SWDTE bit
to 1. When the DISEL bit is 1, or after the specified number of data transfers have ended, the
SWDTE hit isheld at 1 and a CPU interrupt is requested.

The SWDTE bit is cleared to 0 within the CPU interrupt routine. For continuous DTC data
transfer, set the SWDTE bit to 1 after confirming that its current value is 0. Then write the
vector number to DTVEC for continuous DTC transfer.

Rev. 4.00 Dec 05, 2005 page 125 of 564
REJ09B0270-0400
RENESAS
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8.4.3 DTC Use Example

Thefollowing isa DTC use example of a 128-byte data reception by the SCI;

1

The settings are: DTMR source address fixed (SM1 = SMO0 = 0), destination address
incremented (DM1 = 1, DMO = 0), normal mode (MD1 =MDO = 0), byte size (SZ1 = SZ0 =
0), one transfer per activating source (CHNE = 0), and a CPU interrupt request after the
designated number of datatransfers (DISEL = 0). DTS bit can be set to any value. 128
(H'0080) isset in DTCRA, the RDR address of the SCI isset in DTSAR, and the start address
of the RAM storing the receive datais set in DTDAR. DTCRB can be set to any value.

Set the register information start address with DTBR and the DTC vector table.

Set the corresponding DTER bit to 1.

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.

Each time reception of one byte of data ends on the SCI, the RDRF flagin SSRisset to 1, an
RXI interrupt is generated, and the DTC is activated. The receive datais transferred from RDR
to RAM by the DTC. DTDAR isincremented and DTCRA is decremented. The RDRF flag is
automatically cleared to 0.

When DTCRA is 0 after the 128 data transfers have ended, the RDRF flag isheld at 1, the
DTER bit is cleared to 0, and an RXI interrupt request is sent to the CPU. The interrupt
handling routine should perform completion processing.
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85 Cautionson Use

85.1 Prohibition against DTC Register Accessby DTC

DTC register access by the DTC is prohibited.

85.2 M odule Standby M ode Setting

DTC operation can be disabled or enabled using the module standby control register. The initial
setting isfor DTC operation to be halted. Register accessis enabled by clearing module standby
mode.

When the MSTP24 and MSTP25 bitsin MSTCRL1 are set to 1, the DTC clock is halted and the
DTC enters module standby mode. Do not write 1 on MSTP24 bit or MSTP25 bit during
activation of the DTC.

For details, refer to section 21, Power-Down Modes.

853 On-Chip RAM

The DTMR, DTSAR, DTDAR, DTCRA,DTCRB and DTIAR registers are al located in on-chip
RAM. When the DTC is used, the RAME bit in SY SCR must not be cleared to 0.
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Section 9 Bus State Controller (BSC)

The bus state controller (BSC) provides an access control function to the on-chip ROM, RAM and
peripheral module register.

9.1 Features
The BSC hasthe following festures:

» Busarbitration between CPU and DTC
e On-chip ROM and RAM interfaces

O On-chip ROM and RAM access of 32 hitsin 1 state
e On-chip module I/O register access control

9.2 I nput/Output Pin

This LSl has no input/output pin for the BSC module.

9.3 Register Configuration

The BSC has four registers. For details on these register addresses and register statesin each
processing states, refer to appendix A, Internal 1/0 Register.

e Buscontrol register 1 (BCRL1)
*  RAM emulation register (RAMER)
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Table9.1 AddressMap

Size Bus

Address Space* Memory SH7046F  SH7148 SH7048 Width

H'0000 0000 to H'0000 FFFF  On-chip ROM On-chip ROM 64 kbytes 64 kbytes 64 kbytes 32 bits

H'0001 0000 to H'0001 FFFF 64 kbytes  Reserved 64 kbytes 32 bits
H'0002 0000 to H'0003 FFFF 128 kbytes Reserved Reserved 32 bits
H'0004 0000 to H'001F FFFF  Reserved Reserved Reserved Reserved Reserved

H'0020 0000 to H'0023 FFFF  Reserved Reserved

H'0024 0000 to H'FFFF 7FFF  Reserved Reserved

H'FFFF 8000 to H'FFFF BFFF  On-chip On-chip 16 kbytes 16 kbytes  16kbytes 8, 16
peripheral peripheral bits
module module

H'FFFF C000 to H'FFFF CFFF Reserved Reserved Reserved Reserved Reserved

H'FFFF D000 to H'FFFF DFFF  On-chip RAM On-chip RAM 4 kbytes Reserved Reserved 32 bits

H'FFFF E00O to H'FFFF EFFF 4 kbytes Reserved Reserved 32 bits

H'FFFF FOOO to H'FFFF FFFF 4 kbytes 4 kbytes 4 kbytes 32 hits

Note: * Do not access reserved spaces. Operation cannot be guaranteed if they are accessed.
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9.4 Register Descriptions

94.1 Bus Control Register 1 (BCR1)

BCR1 isa 16-hit readable/writable register that enables accessto the MMT and MTU control
registers.

Initial
Bit Bit Name  Value R/W Description
15 O 0 R Reserved

This bit is always read as 0 and should always be
written with O.

14 MMTRWE 1 R/W MMT Read/Write Enable

This bit enables MMT control register access. For
details, refer to MMT section.

0: MMT control register access is disabled
1: MMT control register access is enabled
13 MTURWE 1 R/W MTU Read/Write Enable

This bit enables MTU control register access. For
details, refer to MTU section.

0: MTU control register access is disabled
1: MTU control register access is enabled
12t08 O AllO R Reserved

These bits are always read as 0 and should always be
written with 0.

7to4 [ All O R Reserved

These bits are always read as 0 and should always be
written with 0.

3to0 O All 1 R Reserved

These bits are always read as 1 and should always be
written with 1.

94.2 RAM Emulation Register (RAMER)

The RAM emulation register (RAMER) is a 16-hbit readable/writable register that selects the RAM
area to be used when emulating realtime programming of flash memory. For details, refer to
section 18.5.5, RAM Emulation Register.
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95 Bus Arbitration

This LSl has a bus arbitration function that, when a bus rel ease request is received from a bus
masters, releases the bus to that module. There are two internal bus masters, the CPU and DTC.
The priority for arbitrate the bus mastership between these bus mastersis:

DTC>CPU

9.6

On-chip Peripheral I/O Register Access

On-chip peripheral /O registers are accessed from the bus state controller, as shown in Table 9.2.

Table9.2 On-chip Peripheral /0 Register Access

On-chip

Peripheral MTU, PFC,

Module SCI POE INTC PORT CMT A/D UBC WDT DTC MMT
Connected 8bit 16bit 16bit 16bit 16bit 16bit 16bit 16bit 16bit 16bit
bus width

Access cycle  2cyc*' 2cyc*' 2cyc*? 2cyc*' 2cyc*t 2cyc*' 3cyc*? 3cyc*? 3cyc? 2cyc*?

Notes: 1. Converted to the peripheral clock.
2. Converted to the system clock.
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Section 10 Multi-Function Timer Pulse Unit (MTU)

This LSI has an on-chip multi-function timer pulse unit (MTU) that comprises five 16-bit timer
channels.

The block diagram is shown in figure 10.1.

10.1 Features

Maximum 16-pulse input/output
Selection of 8 counter input clocks for each channel
The following operations can be set for each channel:
O Waveform output at compare match
O Input capture function
O Counter clear operation
Multiple timer counters (TCNT) can be written to simultaneoudly
Simultaneous clearing by compare match and input captureis possible
Register simultaneous input/output is possible by synchronous counter operation
O A maximum 12-phase PWM output is possible in combination with synchronous operation
Buffer operation settable for channels 0, 3, and 4
Phase counting mode settable independently for each of channels 1 and 2
Cascade connection operation
Fast access viainternal 16-bit bus
23 interrupt sources
Automatic transfer of register data
A/D converter conversion start trigger can be generated
Module standby mode can be set

Positive and negative 3-phase waveforms (6-phase waveformsin total) can be output by
channel 3 and channel 4 connected in complementary PWM or reset PWM mode

AC synchronous motor (brushless DC motor) drive mode can be set by channel O, channel 3,
and channel 4 connected in complementary PWM or reset PWM mode.

Selection of chopping or level waveform outputs in AC synchronous motor drive mode
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Section 10 Multi-Function Timer Pulse Unit (MTU)

Table10.1 MTU Functions

Item Channel 0 Channel 1 Channel 2 Channel 3 Channel 4
Count clock P@l Pg1l Pg1l Pg1 P@1l
P@4 P@4 P@4 P4 P@4
P@16 P@16 P@16 P@16 P@16
P@64 P@64 P@64 P@64 Pq@64
TCLKA P@256 P@1024 P@256 P@256
TCLKB TCLKA TCLKA P@1024 P@1024
TCLKC TCLKB TCLKB TCLKA TCLKA
TCLKD TCLKC TCLKB TCLKB
General registers TGRA O TGRA_1 TGRA_2 TGRA_3 TGRA 4
TGRB_0 TGRB_1 TGRB_2 TGRB_3 TGRB_4
General registers/ TGRC_O0 ad TGRC_3 TGRC_4
buffer registers TGRD_O TGRD_3 TGRD_4
1/0O pins TIOCOA TIOC1A TIOC2A TIOC3A TIOC4A
TIOCOB TIOC1B TIOC2B TIOC3B TIOC4B
TIOCOC TIOC3C TIOC4C
TIOCOD TIOC3D TIOC4D
Counter clear TGR TGR TGR TGR TGR
function compare compare compare compare compare
match or match or match or match or match or

input capture

input capture

input capture

input capture

input capture

Compare 0 output

O

O

O

O

O

match

loutput O @) O O O
output
Toggle O O O O O
output
Input capture @) O O O O
function
Synchronous O O O O O
operation
PWM mode 1 O O O O O
PWM mode 2 O @) O O
Complementary O O O
PWM mode
Reset synchronous O g O O
PWM mode
AC synchronous O a O O

motor drive mode
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Item Channel 0 Channel 1 Channel 2 Channel 3 Channel 4
Phase counting O O O ad
mode
Buffer operation O ad O O
DTC activation TGR TGR TGR TGR TGR
compare compare compare compare compare
match or match or match or match or match or
input capture input capture input capture input capture input
capture and
TCNT
overflow
underflow
A/D converter start TGRA_O TGRA_1 TGRA_2 TGRA_3 TGRA_4
trigger compare compare compare compare compare
match or match or match or match or match or
input capture input capture input capture input capture input
capture
Interrupt sources 5 sources 4 sources 4 sources 5 sources 5 sources
e Compare « Compare * Compare « Compare e Compare
match or match or match or match or match or
input input input input input
capture OA capture 1A capture 2A capture 3A capture 4A
e Compare « Compare * Compare « Compare e Compare
match or match or match or match or match or
input input input input input
capture OB capture 1B capture 2B capture 3B capture 4B
» Compare * Overflow * Overflow » Compare * Compare
matchor ., ynderflow  « Underflow ~ Matchor match or
input input input
capture 0C capture 3C capture 4C
e Compare * Compare e Compare
match or match or match or
input input input
capture 0D capture 3D capture 4D
« Overflow  Overflow « Overflow/
Underflow

Notes:
O : Possible
O : Not possible
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TSTR: Timer start register TIER: Timer interrupt enable register
TSYR: Timer synchro register TSR: Timer status register
TCR: Timer control register TCNT: Timer counter
TMDR: Timer mode register TGR (A, B, C, D): Timer general registers (A, B, C, D)

TIOR (H, L): Timer I/O control registers (H, L)

Figure10.1 Block Diagram of MTU
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10.2  Input/Output Pins

Table10.2 MTU Pins

Channel Symbol 1/O Function
Common TCLKA  Input External clock A input pin
(Channel 1 phase counting mode A phase input)
TCLKB Input  External clock B input pin
(Channel 1 phase counting mode B phase input)
TCLKC  Input External clock C input pin
(Channel 2 phase counting mode A phase input)
TCLKD  Input External clock D input pin
(Channel 2 phase counting mode B phase input)
0 TIOCOA 1/O TGRA_O input capture input/output compare output/PWM output pin
TIOCOB I/O TGRB_O0 input capture input/output compare output/PWM output pin
TIOCOC 1/O TGRC_0 input capture input/output compare output/PWM output pin
TIOCOD 1/O TGRD_0 input capture input/output compare output/PWM output pin
1 TIOC1A I/O TGRA_1 input capture input/output compare output/PWM output pin
TIOC1B 1/O TGRB_1 input capture input/output compare output/PWM output pin
2 TIOC2A 1/O TGRA_2 input capture input/output compare output/PWM output pin
TIOC2B 1/O TGRB_2 input capture input/output compare output/PWM output pin
3 TIOC3A 1/O TGRA_3 input capture input/output compare output/PWM output pin
TIOC3B 1/O TGRB_3 input capture input/output compare output/PWM output pin
TIOC3C /O TGRC_3 input capture input/output compare output/PWM output pin
TIOC3D 1/O TGRD_3 input capture input/output compare output/PWM output pin
4 TIOC4A 1/O TGRA_4 input capture input/output compare output/PWM output pin
TIOC4B 1/O TGRB_4 input capture input/output compare output/PWM output pin
TIOC4C 1/O TGRC_4 input capture input/output compare output/PWM output pin
TIOC4D I/O TGRD_4 input capture input/output compare output/PWM output pin
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Section 10 Multi-Function Timer Pulse Unit (MTU)

10.3 Register Descriptions

The MTU has the following registers. For details on register addresses and register states during
each process, refer to appendix A, Internal 1/0 Register. To distinguish registersin each channel,
an underscore and the channel number are added as a suffix to the register name; TCR for channel
Oisexpressed as TCR_O.

» Timer control register_0 (TCR_0)

e Timer moderegister 0 (TMDR_0)

» Timer 1/O control register H_O (TIORH_0)
e Timer I/O control register L_0 (TIORL_0)
o Timer interrupt enable register_0 (TIER_O)
e Timer statusregister 0 (TSR_0)

» Timer counter O (TCNT_0)

e Timer general register A_0 (TGRA_0)

» Timer general register B_0 (TGRB_0)

e Timer general register C_ 0 (TGRC_0)

» Timer general register D_0 (TGRD_0)

e Timer control register 1 (TCR_1)

* Timer moderegister_1 (TMDR_1)

e Timer I/O control register 1 (TIOR_1)

o Timer interrupt enableregister_1 (TIER_1)
e Timer statusregister 1 (TSR _1)

» Timer counter_1 (TCNT_1)

e Timer general register A_1 (TGRA_1)

o Timer general register B_1 (TGRB_1)

e Timer control register 2 (TCR_2)

* Timer moderegister 2 (TMDR_2)

e Timer I/O control register_2 (TIOR_2)

o Timer interrupt enable register_2 (TIER_2)
e Timer statusregister 2 (TSR _2)

» Timer counter_2 (TCNT_2)

e Timer general register A_2 (TGRA_2)

» Timer general register B_2 (TGRB_2)

e Timer control register 3 (TCR_3)

» Timer moderegister 3 (TMDR_3)
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Section 10 Multi-Function Timer Pulse Unit (MTU)

Timer 1/0 control register H_3 (TIORH_3)
Timer 1/0 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 H_4 (TIORH_4)
Timer 1/0 control register L_4 (TIORL_4)
Timer interrupt enable register_4 (TIER_4)
Timer statusregister_4 (TSR_4)

Timer counter_4 (TCNT_4)

Timer general register A_4 (TGRA_4)
Timer general register B_4 (TGRB_4)
Timer general register C_4 (TGRC_4)
Timer general register D_4 (TGRD_4)

Common Registers

Timer start register (TSTR)
Timer synchro register (TSYR)

Common Registersfor timers 3 and 4

Timer output master enable register (TOER)
Timer output control enable register (TOCR)
Timer gate control register (TGCR)

Timer cycle dataregister (TCDR)

Timer dead time dataregister (TDDR)
Timer subcounter (TCNTS)

Timer cycle buffer register (TCBR)
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Section 10 Multi-Function Timer Pulse Unit (MTU)

10.3.1 Timer Control Register (TCR)

The TCR registers are 8-hit readabl e/writable registers that control the TCNT operation for each
channel. The MTU has atotal of five TCR registers, one for each channel (channel 0to 4). TCR
register settings should be conducted only when TCNT operation is stopped.

Bit Bit Name

Initial
value

R/W

Description

CCLR2
CCLR1
CCLRO

0

R/W
R/W
R/W

Counter Clear 0 to 2

These bits select the TCNT counter clearing source.
See tables 10.3 and 10.4 for details.

CKEG1
CKEGO

w O O N

o O|o o

R/W
R/W

Clock Edge 0 and 1

These bits select the input clock edge. When the input
clock is counted using both edges, the input clock
period is halved (e.g. P@4 both edges = P@'2 rising
edge). If phase counting mode is used on channels 1
and 2, this setting is ignored and the phase counting
mode setting has priority. Internal clock edge selection
is valid when the input clock is P@4 or slower. When
Pq@'1, or the overflow/underflow of another channel is
selected for the input clock, although values can be
written, counter operation compiles with the initial value.

00: Count at rising edge
01: Count at falling edge
1X: Count at both edges

Legend:
X: Don’t care

2 TPSC2
1 TPSC1
0 TPSCO

R/W
R/W
R/W

Time Prescaler 0 to 2

These bits select the TCNT counter clock. The clock
source can be selected independently for each channel.
See tables 10.5 to 10.8 for details.
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Section 10 Multi-Function Timer Pulse Unit (MTU)

Table10.3 CCLROto CCLR2 (channelsO, 3, and 4)

Bit 7 Bit 6 Bit 5
Channel CCLR2 CCLR1 CCLRO Description
0,34 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 CCLROto CCLR2 (channels1 and 2)

Bit 7 Bit 6 Bit 5
Channel Reserved*® CCLR1 CCLRO Description
1,2 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 is reserved in channels 1 and 2. It is always read as O.
Writing is ignored.
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Section 10 Multi-Function Timer Pulse Unit (MTU)

Table10.5 TPSCOto TPSC2 (channel 0)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
0 0 0 0 Internal clock: counts on Pq/1
1 Internal clock: counts on Pq@/4
1 0 Internal clock: counts on P@/16
1 Internal clock: counts on P@/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 TPSCOto TPSC2 (channel 1)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
1 0 0 0 Internal clock: counts on Pq/1
1 Internal clock: counts on Pq@/4
1 0 Internal clock: counts on P@/16
1 Internal clock: counts on P@/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 P@/256
1 Counts on TCNT_2 overflow/underflow

Note: This setting is ignored when channel 1 is in phase counting mode.
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Section 10 Multi-Function Timer Pulse Unit (MTU)

Table10.7 TPSCOto TPSC2 (channel 2)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
2 0 0 0 Internal clock: counts on Pq/1
1 Internal clock: counts on Pq@/4
1 0 Internal clock: counts on P@/16
1 Internal clock: counts on P@/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 P@/1024
Note: This setting is ignored when channel 2 is in phase counting mode.

Table10.8 TPSCOto TPSC2 (channels 3 and 4)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
3,4 0 0 0 Internal clock: counts on P@/1
1 Internal clock: counts on Pq@/4
1 0 Internal clock: counts on P@/16
1 Internal clock: counts on P@/64
1 0 0 Internal clock: counts on P@/256
1 Internal clock: counts on P@/1024
1 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
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Section 10 Multi-Function Timer Pulse Unit (MTU)

10.3.2 Timer Mode Register (TMDR)

The TMDR registers are 8-hit readable/writable registers that are used to set the operating mode of
each channel. The MTU has five TMDR registers, one for each channel. TMDR register settings
should be changed only when TCNT operation is stopped.

Initial
Bit Bit Name value R/W Description
7,6 O All 1 ad Reserved

These bits are always read as 1, and should only be
written with 1.

5 BFB 0 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 and 2, which have no TGRD, bit 5 is
reserved. It is always read as 0, and should only be
written with 0.

0: TGRB and TGRD operate normally

1: TGRB and TGRD used together for buffer
operation

4 BFA 0 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 and 2, which have no TGRC, bit 4 is
reserved. It is always read as 0, and should only be
written with 0.

0: TGRA and TGRC operate normally
1: TGRA and TGRC used together for buffer

operation
3 MD3 0 R/W Modes O to 3
2 MD2 0 R/W These bits are used to set the timer operating mode.
1 MD1 0 R/W See table 10.9 for details.
0 MDO 0 R/W
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Section 10 Multi-Function Timer Pulse Unit (MTU)

Table10.9 MDOtoMD3

Bit 3 Bit 2 Bit 1 Bit 0
MD3 MD2 MD1 MDO Description
0 0 0 0 Normal operation
1 Reserved (do not set)
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 0 0 0 Reset synchronous PWM mode**
1 Reserved (do not set)
X Reserved (do not set)
1 0 0 Reserved (do not set)
1 Complementary PWM mode 1 (transmit at peak)**
1 0 Complementary PWM mode 2 (transmit at bottom)**
1 Complementary PWM mode 2 (transmit at peak and
bottom)**
Legend:
X: Don't care

Notes: 1. PWM mode 2 can not be set for channels 3, 4.
2. Phase counting mode can not be set for channels 0, 3, 4.

3. Reset synchronous PWM mode, complementary PWM mode can only be set for
channel 3. When channel 3 is set to reset synchronous PWM mode or complementary
PWM mode, the channel 4 settings become ineffective and automatically conform to the
channel 3 settings. However, do not set channel 4 to reset synchronous PWM mode or
complementary PWM mode. Reset synchronous PWM mode and complementary PWM
mode can not be set for channels 0, 1, 2.
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Section 10 Multi-Function Timer Pulse Unit (MTU)

10.3.3 Timer I/O Control Register (TIOR)

The TIOR registers are 8-hit readabl e/writable registers that control the TGR registers. The MTU
has eight TIOR registers, two each for channels 0, 3, and 4, and one each for channels 1 and 2.

Careisrequired as TIOR is affected by the TMDR setting. The initial 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.

TIORH_O, TIOR_1, TIOR_2, TIORH_3, TIORH_4

Initial

Bit Bit Name  value R/W Description

7 10B3 0 R/W I/O Control BO to B3

6 10B2 0 R/W Specify the function of TGRB.

5 10B1 0 R/W See the following tables.

4 [0]=10] 0 R/W TIORH_O: Table 10.10
TIOR_1: Table 10.14
TIOR_2: Table 10.16
TIORH_3: Table 10.18
TIORH_4: Table 10.22

3 I0A3 0 R/W I/O Control AO to A3

2 I0A2 0 R/W Specify the function of TGRA.

1 I0A1 0 R/W See the following tables.

0 I0A0 0 R/W TIORH_O: Table 10.11

TIOR 1. Table 10.15
TIOR 2: Table 10.17
TIORH_3: Table 10.19
TIORH_4: Table 10.23
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TIORL_O, TIORL_3, TIORL_4

Initial
Bit Bit Name value R/W Description
7 10D3 0 R/W I/O Control DO to D3
6 10D2 0 R/W Specify the function of TGRD.
5 10D1 0 R/W When TGRD is used as the buffer register of TGRB, this
4 |10DO 0 R/W setting is disabled, and input capture/output compare
does not occur.
See the following tables.
TIORL_O: Table 10.12
TIORL_3: Table 10.20
TIORL_4: Table 10.24
3 10C3 0 R/W I/O Control CO to C3
2 10C2 0 R/W Specify the function of TGRC.
1 I0C1 0 R/W When TGRC is used as the buffer register of TGRA, this
0 10CO 0 R/W setting is disabled, and input capture/output compare

does not occur.
See the following tables.

TIORL_O: Table 10.13
TIORL_3: Table 10.21
TIORL_4: Table 10.25
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Table 10.10 TIORH_0 (channel 0)

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRB_O
IOB3 10B2 I0B1 I0OBO Function TIOCOB Pin Function

0 0 0 0 Output Output hold*
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 hold

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 Input capture at rising edge
capture :
1 . Input capture at falling edge
register P P gedg
1 X 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: * The low level output is retained until TIOR contents is specified after a power-on reset.
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Table 10.11 TIORH_O (channel 0)

Description

Bit 3 Bit 2 Bit 1 Bit O TGRA_O
IOA3 I0OA2 IOA1 IOAO0 Function

TIOCOA Pin Function

0 0 0 0 Output
1 compare
register

Output hold*
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 hold

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

Input capture at rising edge

Input capture at falling edge

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: * The low level output is retained until TIOR contents is specified after a power-on reset.
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Table 10.12 TIORL_0 (channel 0)

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRD_O
IOD3 I0OD2 I0D1 I0ODO Function TIOCOD Pin Function

0 0 0 0 Output Output hold™*
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 hold

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 Input capture at rising edge
1 f:;tsli;?*z Input capture at falling edge
1 X 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

Notes: 1. The low level output is retained until TIOR contents is specified after a power-on reset.

2. When the BFB bitin TMDR_O 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 10.13 TIORL_0 (channel 0)

Description

Bit3 Bit2 Bitl Bit0O TGRC_O
IOC3 10C2 I0C1 [I0CO Function

TIOCOC Pin Function

0 0 0 0 Output
1 compare
register

Output hold™*
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 hold

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*’

Input capture at rising edge

Input capture at falling edge

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

Notes: 1. The low level output is retained until TIOR contents is specified after a power-on reset.

2. When the BFA bitin TMDR_0 is set to 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 10.14 TIOR_1 (channel 1)

Description
Bit7 Bit6é Bit5 Bit4 TGRB_1
IOB3 10B2 10B1 I0OBO Function TIOC1B Pin Function
0 0 0 0 Output Output hold*
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 hold
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 Input capture at rising edge
1 f:;;ut;? Input capture at falling edge
1 X Input capture at both edges
1 X X Input capture at generation of TGRC_0 compare
match/input capture
Legend:
X: Don't care

Note: * The low level output is retained until TIOR contents is specified after a power-on reset.
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Table 10.15 TIOR_1 (channel 1)

Description

Bit 3 Bit 2 Bit 1 Bit O TGRA_1
IOA3 I0OA2 IOA1 IOAO0 Function

TIOC1A Pin Function

0 0 0 0 Output
1 compare
register

Output hold*
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 hold

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

Input capture at rising edge

Input capture at falling edge

Input capture at both edges

Input capture at generation of channel 0/TGRA_0
compare match/input capture

Legend:
X: Don’t care

Note: * The low level output is retained until TIOR contents is specified after a power-on reset.
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Table 10.16 TIOR_2 (channel 2)

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRB_2
IOB3 10B2 I10B1 I0OBO Function TIOC2B Pin Function

0 0 0 0 Output Output hold*
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 hold

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 Input capture at rising edge
capture Input capture at falling edge
- register P s gedq
1 X Input capture at both edges
Legend:
X: Don’t care

Note: * The low level output is retained until TIOR contents is specified after a power-on reset.
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Table 10.17 TIOR_2 (channel 2)

Description
Bit3 Bit2 Bitl Bit0O TGRA_2
IOA3 I0OA2 I0OA1 IOAO0 Function TIOC2A Pin Function
0 0 0 0 Output Output hold*
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 hold
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 Input capture at rising edge
f:;;utg Input capture at falling edge
1 Input capture at both edges
Legend:
X: Don't care
Note: * The low level output is retained until TIOR contents is specified after a power-on reset.
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Table 10.18 TIORH_3 (channel 3)

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRB_3
IOB3 10B2 I10B1 I0OBO Function TIOC3B Pin Function

0 0 0 0 Output Output hold*
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 hold

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 Input capture at rising edge
capture :
. Input capture at falling edge
-~ register P s gedq
1 X Input capture at both edges
Legend:
X: Don't care

Note: * The low level output is retained until TIOR contents is specified after a power-on reset.
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Table 10.19 TIORH_3 (channel 3)

Description
Bit3 Bit2 Bitl Bit0O TGRA_3
IOA3 I0OA2 I0OA1 IOAO0 Function TIOC3A Pin Function
0 0 0 0 Output Output hold*
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 hold
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 Input capture at rising edge
f:;;utg Input capture at falling edge
1 Input capture at both edges
Legend:
X: Don't care
Note: * The low level output is retained until TIOR contents is specified after a power-on reset.
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Table 10.20 TIORL _3 (channel 3)

Description
Bit7 Bit6 Bit5 Bit4 TGRD_3
IOD3 10D2 10D1 I0ODO Function TIOC3D Pin Function
0 0 0 0 Output Output hold™*
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 hold
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 Input capture at rising edge
f:;tsli;?*z Input capture at falling edge
1 Input capture at both edges
Legend:
X: Don't care

Notes: 1. The low level output is retained until TIOR contents is specified after a power-on reset.

2. When the BFB bitin TMDR_3 is set to 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 10.21 TIORL_3(channel 3)

Description
Bit3 Bit2 Bitl Bit0O TGRC_3
IOC3 10C2 I0Cl1 I0CO Function TIOC3C Pin Function
0 0 0 0 Output Output hold™*
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 hold
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 Input capture at rising edge
f:;tsli;?*z Input capture at falling edge
1 Input capture at both edges
Legend:
X: Don't care

Notes: 1. The low level output is retained until TIOR contents is specified after a power-on reset.

2. When the BFA bitin TMDR_3 is set to 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 10.22 TIORH_4 (channel 4)

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRB_4
IOB3 10B2 I10B1 I0OBO Function TIOC4B Pin Function

0 0 0 0 Output Output hold*
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 hold

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 Input capture at rising edge
capture :
. Input capture at falling edge
-~ register P s gedq
1 X Input capture at both edges
Legend:
X: Don't care

Note: * The low level output is retained until TIOR contents is specified after a power-on reset.
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Table 10.23 TIORH_4 (channel 4)

Description
Bit3 Bit2 Bitl Bit0O TGRA_4
IOA3 I0OA2 I0OA1 IOAO0 Function TIOC4A Pin Function
0 0 0 0 Output Output hold*
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 hold
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 Input capture at rising edge
f:;;utg Input capture at falling edge
1 Input capture at both edges
Legend:
X: Don't care
Note: * The low level output is retained until TIOR contents is specified after a power-on reset.
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Table 10.24 TIORL _4 (channel 4)

Description
Bit7 Bit6 Bit5 Bit4 TGRD_4
IOD3 10D2 10D1 I0ODO Function TIOC4D Pin Function
0 0 0 0 Output Output hold™*
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 hold
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 Input capture at rising edge
f:;tsli;?*z Input capture at falling edge
1 Input capture at both edges
Legend:
X: Don't care

Notes: 1. The low level output is retained until TIOR contents is specified after a power-on reset.

2. When the BFB bitin TMDR_4 is set to 1 and TGRC_4 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table 10.25 TIORL _4 (channel 4)

Description
Bit3 Bit2 Bitl Bit0O TGRC 4
IOC3 10C2 I0Cl1 I0CO Function TIOCA4C Pin Function
0 0 0 0 Output Output hold™*
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 hold
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 Input capture at rising edge
f:;tsli;?*z Input capture at falling edge
1 Input capture at both edges
Legend:
X: Don't care

Notes: 1. The low level output is retained until TIOR contents is specified after a power-on reset.

2. When the BFA bitin TMDR_4 is set to 1 and TGRC_4 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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10.3.4 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 MTU has five TIER registers, one for each channel.

Initial
Bit Bit Name 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 O 1 R Reserved
This bit is always read as 1, and should only be written
with 1.
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 and 2.

In channels 0, 3, and 4, bit 5 is reserved. It is always read
as 0, and should only be written with 0.

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, 3, and 4.

In channels 1 and 2, bit 3 is reserved. It is always read as
0, and should only be written with 0.

0: Interrupt requests (TGID) by TGFD bit disabled
1: Interrupt requests (TGID) by TGFD bit enabled
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Initial
Bit Bit Name 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, 3, and 4.

In channels 1 and 2, bit 2 is reserved. It is always read as
0, and should only be written with 0.

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-bit readable/writable registers that indicate the status of each channel. The
MTU hasfive TSR registers, one for each channel.

Initial
Bit Bit Name 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, 3, and 4.

In channel 0, bit 7 is reserved. It is always read as 1, and
should only be written with 1.

0: TCNT counts down
1: TCNT counts up
6 O 1 R Reserved

This bit is always read as 1, and should only be written
with 1.

5 TCFU 0 R/(W) Underflow Flag

Status flag that indicates that TCNT underflow has
occurred when channels 1 and 2 are set to phase
counting mode. Only 0 can be written, for flag clearing.

In channels 0, 3, and 4, bit 5 is reserved. It is always read
as 0, and should only be written with 0.

[Setting condition]

¢ When the TCNT value underflows (changes from
H'0000 to H'FFFF)

[Clearing condition]

¢« When 0 is written to TCFU after reading TCFU =1
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Bit

Bit Name

Initial
value

R/W

Description

4

TCFV

0

RI(W)

Overflow Flag

Status flag that indicates that TCNT overflow has
occurred. Only 0 can be written, for flag clearing.

[Setting condition]

e When the TCNT value overflows (changes from
H'FFFF to H'0000 )

* In channel 4, when TCNT-4 is underflowed (H'0001 -
H'0000) in complementary PWM mode.

[Clearing condition]

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

« In channel 4, when DTC is activated by the TCIV
interrupt and the DISEL bitin DTMR of DTC is 0.

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, 3, and 4. Only 0
can be written, for flag clearing. In channels 1 and 2, bit 3
is reserved. It is always read as 0, and should only be
written with 0.

[Setting conditions]

e When TCNT = TGRD and TGRD is functioning as
output compare register

¢« When TCNT value is transferred to TGRD by input
capture signal and TGRD is functioning as input
capture register

[Clearing conditions]

* When DTC is activated by TGID interrupt and the
DISEL bit of DTMR in DTCis O

¢ When 0 is written to TGFD after reading TGFD =1
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Bit

Bit Name

Initial
value

R/W

Description

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, 3, and 4. Only 0
can be written, for flag clearing. In channels 1 and 2, bit 2
is reserved. It is always read as 0, and should only be
written with 0.

[Setting conditions]

« When TCNT = TGRC and TGRC is functioning as
output compare register

«  When TCNT value is transferred to TGRC by input
capture signal and TGRC is functioning as input
capture register

[Clearing conditions]

¢« When DTC is activated by TGIC interrupt and the
DISEL bit of DTMR in DTC is O

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

1

TGFB

0

RI(W)

Input Capture/Output Compare Flag B

Status flag that indicates the occurrence of TGRB input
capture or compare match. Only 0 can be written, for flag
clearing.

[Setting conditions]

¢ When TCNT = TGRB and TGRB is functioning as
output compare register

«  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 DTMR in DTCis O

¢« When 0 is written to TGFB after reading TGFB = 1
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Initial
Bit Bit Name value R/W Description
0 TGFA 0 R/(W) Input Capture/Output Compare Flag A

Status flag that indicates the occurrence of TGRA input
capture or compare match. Only 0 can be written, for flag
clearing.

[Setting conditions]

*  When TCNT = TGRA and TGRA is functioning as
output compare register

«  When TCNT value is transferred to TGRA by input
capture signal and TGRA is functioning as input
capture register

[Clearing conditions]

* When DTC is activated by TGIA interrupt and the
DISEL bit of DTMR in DTCis O

¢« When 0 is written to TGFA after reading TGFA =1

10.36  Timer Counter (TCNT)

The TCNT registers are 16-bit readable/writable counters. The MTU hasfive TCNT counters, one
for each channel.

The TCNT counters are initialized to H'0000 by a reset.

The TCNT counters cannot be accessed in 8-bit units; they must aways be accessed as a 16-bit
unit.

10.3.7 Timer General Register (TGR)

The TGR registers are dua function 16-bit readable/writable registers, functioning as either output
compare or input capture registers. The MTU has 16 TGR registers, four each for channels 0, 3,
and 4 and two each for channels 1 and 2. TGRC and TGRD for channels 0, 3, and 4 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

TGRAO TGRC and TGRBO TGRD. Theiinitial value of TGR is H'FFFF.
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10.3.8 Timer Start Register (TSTR)

TSTR is an 8-hit readable/writable register that selects operation/stoppage for channels 0 to 4.
When setting the operating mode in TMDR or setting the count clock in TCR, first stop the TCNT
counter.

Initial
Bit Bit Name value R/W Description
7 CST4 0 R/W Counter Start 4 and 3
6 CST3 0 R/W These bits select operation or stoppage for TCNT.

If O is written to the CST bit during operation with the TIOC
pin designated for output, the counter stops but the TIOC
pin output compare output level is retained. If TIOR is
written to when the CST bit is cleared to 0, the pin output
level will be changed to the set initial output value.

0: TCNT_4 and TCNT_3 count operation is stopped
1: TCNT_4 and TCNT_3 performs count operation

5t03 O AllO R Reserved

These bits are always read as 0. Only 0 should be written
to these bits.

2 CST2 0 R/W Counter Start 2to 0
CST1 0 R/W These bits select operation or stoppage for TCNT.
0 CSTO 0 R/W If O is written to the CST bit during operation with the TIOC

pin designated for output, the counter stops but the TIOC
pin output compare output level is retained. If TIOR is
written to when the CST bit is cleared to 0, the pin output
level will be changed to the set initial output value.

0: TCNT_2 to TCNT_O count operation is stopped
1: TCNT_2 to TCNT_O performs count operation

10.39 Timer Synchro Register (TSYR)

TSYR isan 8-bit readable/writable register that selects independent operation or synchronous
operation for the channel 0to 4 TCNT counters. A channel performs synchronous operation when
the corresponding bit in TSYR isset to 1.
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Initial
Bit Bit Name value

R/W

Description

7 SYNC4 0
6 SYNC3 0

R/W
R/W

Timer Synchro 4 and 3

These bits are used to select whether operation is
independent of or synchronized with other channels.

When synchronous operation is selected, the TCNT
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 set to 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
CCLR2in TCR.

0: TCNT_4 and TCNT_3 operate independently (TCNT
presetting/clearing is unrelated to other channels)

1: TCNT_4 and TCNT_3 performs synchronous operation

TCNT synchronous presetting/synchronous clearing is
possible

5to3 0O AllO

Reserved

These bits are always read as 0. Only 0 should be written
to these bits.

SYNC2
SYNC1
0 SYNCO

R/W
R/W
R/W

Timer Synchro 2to 0

These bits are used to select whether operation is
independent of or synchronized with other channels.

When synchronous operation is selected, the TCNT
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 set to 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_2 to TCNT_O operates independently (TCNT
presetting /clearing is unrelated to other channels)

1: TCNT_2 to TCNT_O performs synchronous operation

TCNT synchronous presetting/synchronous clearing is
possible
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10.3.10 Timer Output Master Enable Register (TOER)

TOER is an 8-hit readabl e/writable register that enables/disables output settings for output pins
TIOCAD, TIOCAC, TIOC3D, TIOC4B, TIOC4A, and TIOC3B. These pins do not output
correctly if the TOER bits have not been set. Set TOER of CH3 and CH4 prior to setting TIOR of

CH3 and CH4.

Bit Bit Name

Initial
value

R/W

Description

7,6 O

All'1

Reserved

These bits are always read as 1. Only 1 should be written
to these bits.

5 OE4D

R/W

Master Enable TIOC4D

This bit enables/disables the TIOC4D pin MTU output.
0: MTU output is disabled

1: MTU output is enabled

4 OE4C

R/W

Master Enable TIOC4C

This bit enables/disables the TIOC4C pin MTU output.
0: MTU output is disabled

1: MTU output is enabled

3 OE3D

R/W

Master Enable TIOC3D

This bit enables/disables the TIOC3D pin MTU output.
0: MTU output is disabled

1: MTU output is enabled

2 OE4B

R/W

Master Enable TIOC4B

This bit enables/disables the TIOC4B pin MTU output.
0: MTU output is disabled

1: MTU output is enabled

1 OE4A

R/W

Master Enable TIOC4A

This bit enables/disables the TIOC4A pin MTU output.
0: MTU output is disabled

1: MTU output is enabled

0 OE3B

R/W

Master Enable TIOC3B

This bit enables/disables the TIOC3B pin MTU output.
0: MTU output is disabled

1: MTU output is enabled
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10.3.11 Timer Output Control Register (TOCR)

TOCR is an 8-bit readable/writable register that enables/disables PWM synchronized toggle
output in complementary PWM mode/reset synchronized PWM mode, and controls output level
inversion of PWM output.

Bit

Bit Name

Initial
value

R/W

Description

O

0

Reserved

This bit is always read as 0. Only 0 should be written to
this bit.

PSYE

R/W

PWM Synchronous Output Enable

This bit selects the enable/disable of toggle output
synchronized with the PWM period.

0: Toggle output is disabled
1: Toggle output is enabled

5to2

AllO

Reserved

These bits are always read as 0. Only 0 should be written
to this bit.

OLSN

R/W

Output Level Select N

This bit selects the reverse phase output level in reset-
synchronized PWM mode/complementary PWM mode.
See table 10.26

OLSP

R/W

Output Level Select P

This bit selects the positive phase output level in reset-
synchronized PWM mode/complementary PWM mode.
See table 10.27

Table 10.26 Output Level Select Function

Bit 1 Function
. ) Compare Match Output
OLSN | Initial Output | Active Level
Increment Count Decrement Count
0 High level Low level High level Low level
1 Low level High level Low level High level

Note: The reverse phase waveform initial output value changes to active level after elapse of the
dead time after count start.
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Table 10.27 Output Level Select Function

Bit 1 Function
. ) Compare Match Output
OLSP | Initial Output | Active Level
Increment Count Decrement Count
0 High level Low level Low level High level
Low level High level High level Low level

Figure 10.2 shows an example of complementary PWM mode output (1 phase) when OLSN =1,
OoLSP=1.

TCNT_3, and
TCNT_4 values
A
TGRA_3
TCNT 3
TCNT 4
TGRA 4
TDDR : :
H0000 AV —» Time
Compare match v P
o . i output (up count) ! v
Positive ¢ 1 Initial -y , ; Compare match ;
phase output : output | Active level ' output (down count) ! |_
Lo Initial 1ot P Compare match po
| output ! ' output (down count) !

Compare match

Reverse |
output (up count) !

phase output Active level .

' | Active ;
: level '

Figure10.2 Complementary PWM M ode Output Level Example

10.3.12 Timer Gate Control Register (TGCR)

TGCR is an 8-bit readable/writable register that controls the waveform output necessary for
brushless DC motor control in reset-synchronized PWM mode/complementary PWM mode.
These register settings are ineffective for anything other than complementary PWM mode/reset-
synchronized PWM mode.
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Bit

Bit Name

Initial
value

R/W

Description

O

Reserved

This bit is always read as 1. Only 1 should be written to
this bit.

BDC

R/W

Brushless DC Motor

This bit selects whether to make the functions of this
register (TGCR) effective or ineffective.

0: Ordinary output
1: Functions of this register are made effective

R/W

Reverse Phase Output (N) Control

This bit selects whether the level output or the reset-
synchronized PWM/complementary PWM output while the
reverse pins (TIOC3D, TIOC4C, and TIOC4D) are on-
output.

0: Level output

1: Reset synchronized PWM/complementary PWM output

R/W

Positive Phase Output (P) Control

This bit selects whether the level output or the reset-
synchronized PWM/complementary PWM output while the
positive pin (TIOC3B, TIOC4A, and TIOC4B) are on-
output.

0: Level output

1: Reset synchronized PWM/complementary PWM output

FB

R/W

External Feedback Signal Enable

This bit selects whether the switching of the output of the
positive/reverse phase is carried out automatically with the
MTU/channel 0 TGRA, TGRB, TGRC input capture
signals or by writing 0 or 1 to bits 2 to 0 in TGCR.

0: Output switching is carried out by external input (Input
sources are channel 0 TGRA, TGRB, TGRC input
capture signal)

1: Output switching is carried out by software (TGCR's UF,
VF, WF settings).

WF
VF
UF

R/W
R/W
R/W

Output Phase Switch 2 to 0

These bits set the positive phase/negative phase output
phase on or off state. The setting of these bits is valid
only when the FB bit in this register is set to 1. In this
case, the setting of bits 2 to 0 is a substitute for external
input. See table 10.28.
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Table 10.28 Output level Select Function

Function
Bit 2 Bit 1 Bit 0 TIOC3B TIOC4A TIOC4B TIOC3D TIOC4C TIOC4D
WF VF UF U Phase V Phase W Phase UPhase VPhase W Phase
0 0 0 OFF OFF OFF OFF OFF OFF
1 ON OFF OFF OFF OFF ON
1 0 OFF ON OFF ON OFF OFF
1 OFF ON OFF OFF OFF ON
1 0 0 OFF OFF ON OFF ON OFF
1 ON OFF OFF OFF ON OFF
1 0 OFF OFF ON ON OFF OFF
1 OFF OFF OFF OFF OFF OFF

10.3.13 Timer Subcounter (TCNTS)

TCNTS s a 16-bit read-only counter that is used only in complementary PWM mode. The initia
value is H’ 0000.

Note: Accessing the TCNTS in 8-bit unitsis prohibited. Always accessin 16-bit units.

10.3.14 Timer Dead Time Data Register (TDDR)

TDDR isa 16-bit register, used only in complementary PWM mode, that specifiesthe TCNT_3
and TCNT_4 counter offset values. In complementary PWM mode, when the TCNT_3 and
TCNT _4 counters are cleared and then restarted, the TDDR register value isloaded into the
TCNT_3 counter and the count operation starts. Theinitia value is H'FFFF.

Note: Accessing the TDDR in 8-bit unitsis prohibited. Always accessin 16-bit units.

10.3.15 Timer Period Data Register (TCDR)

TCDR isa 16-bit register used only in complementary PWM mode. Set half the PWM carrier
sync value asthe TCDR register value. Thisregister is constantly compared with the TCNTS
counter in complementary PWM mode, and when a match occurs, the TCNTS counter switches
direction (decrement to increment). Theinitial value is H'FFFF.

Note: Accessing the TCDR in 8-bit unitsis prohibited. Alwaysaccessin 16-bit units.
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10.3.16 Timer Period Buffer Register (TCBR)

The timer period buffer register (TCBR) is a 16-bit register used only in complementary PWM
mode. It functions as a buffer register for the TCDR register. The TCBR register values are
transferred to the TCDR register with the transfer timing set in the TMDR register. Theinitial
valueis H'FFFF.

Note: Accessing the TCBR in 8-hit unitsis prohibited. Always accessin 16-hit units.

10.3.17 BusMaster Interface

The timer counters (TCNT), general registers (TGR), timer subcounter (TCNTS), timer period
buffer register (TCBR), and timer dead time data register (TDDR), and timer period data register
(TCDR) are 16-hit registers. A 16-bit data bus to the bus master enables 16-bit read/writes. 8-bit
read/writeis not possible. Always accessin 16-bit units.

All registers other than the above registers are 8-hit registers. These are connected to the CPU by
a 16-bit data bus, so 16-bit read/writes and 8-bit read/writes are both 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, synchronous counting, and external event counting.

Each TGR can be used as an input capture register or output compare register.
Always set the MTU external pins function using the pin function controller (PFC).
Counter Operation

When one of bits CSTOto CST4 issetto 1in TSTR, the TCNT counter for the corresponding
channel begins counting. TCNT can operate as a free-running counter, periodic counter, for
example.

Example of Count Operation Setting Procedure: Figure 10.3 shows an example of the count
operation setting procedure.

C Operation selection ) [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] For periodic counter
C Periodic counter ) ( Free-running counter) operation, select the TGR
| to be used as the TCNT
clearing source with bits
Select counter clearing 2] CCLR2 to CCLRO in TCR.

source .
[3] Designate the TGR
| selected in [2] as an output

Select output compare [3] compare register by means
register of TIOR.
| [4] Set the periodic counter
Set period [4] ::g/([:g]a in the TGR selected

Start count operation

Start count operation [[5] [5] Setthe CST bitin TSTR to
1 to start the counter
operation.

—

5]

— <Free-running counter>
<Periodic counter>

Figure 10.3 Example of Counter Operation Setting Procedure
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Free-Running Count Operation and Periodic Count Operation: Immediately after areset, the
MTU’s TCNT counters are all designated as free-running counters. When the relevant bit in TSTR
isset to 1 the corresponding TCNT counter starts up-count operation as a free-running counter.
When TCNT overflows (from H'FFFF to H'0000), the TCFV bit in TSR is set to 1. If the value of
the corresponding TCIEV bit in TIER is 1 at this point, the MTU requests an interrupt. After
overflow, TCNT starts counting up again from H'0000.

Figure 10.4 illustrates free-running counter operation.

TCNT value

H'0000 . Time

CST bit

TCFV

Figure10.4 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
CCLRO to CCLR2in 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
thevaluein TGR, the TGF bit in TSR isset to 1 and TCNT iscleared to H'0000.

If the value of the corresponding TGIE bitin TIER is 1 at this point, the TPU requests an interrupt.
After acompare match, TCNT starts counting up again from H'0000.

Figure 10.5 illustrates periodic counter operation.
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Counter cleared by TGR
compare match

TCNT value

TGR <
H'0000 . . Time
CST bit 5 5
. Flag cleared by software or
.~ DTC activation
TGF

Figure10.5 Periodic Counter Operation
Waveform Output by Compare Match

The MTU can perform 0, 1, or toggle output from the corresponding output pin using compare
match.

Example of Setting Procedur e for Waveform Output by Compare Match: Figure 10.6 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 compare match output value 0

output, 1 output, or toggle output, by
means of TIOR. The set initial value is

output at the TIOC pin until the first
Select waveform output | [1] compare match occurs.
mode
[2] Set the timing for compare match
generation in TGR.
[3] Setthe CST bitin TSTR to 1 to start the
Set output timing 2] count operation.

Start count operation

3]

<Waveform output>

Figure 10.6 Example of Setting Procedurefor Waveform Output by Compare Match
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Examples of Waveform Output Operation: Figure 10.7 shows an example of 0 output/1 output.

In thisexample 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
H'0000

: ! : ,E\No change ! fE\No change

' T N v N\
TIOCA ! I | | 1 output

TIOCB | _~No change ~ No change 0 output
/ -/

Figure 10.7 Example of 0 Output/1 Output Operation
Figure 10.8 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
Counter cleared by TGRB compare match
H'FFFF
TGRB
TGRA
H'0000 * * * * Time
TIOCB ! : ! : Toggle output

TIOCA | | | | Toggle output

Figure 10.8 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 and 1,
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 1, ¢/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.

Example of Input Capture Operation Setting Procedur e: Figure 10.9 shows an example of the
input capture operation setting procedure.

> [1] Designate TGR as an input capture

register by 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.

C Input selection

Select input capture input [1]

Start count [2]

<Input capture operation>

Figure 10.9 Example of Input Capture Operation Setting Procedure

Example of Input Capture Operation: Figure 10.10 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.
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Counter cleared by TIOCB
TCNT value / input (falling edge)
H'O180 |---- - - m oo m e e ) e

117 ] Y el L

H'0010
H'0005
H'0000

TGRB X X H'0180

Figure10.10 Example of Input Capture Operation

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 a single time base.

Channels 0 to 4 can al be designated for synchronous operation.
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Example of Synchronous Operation Setting Procedur e: Figure 10.11 shows an example of the
synchronous operation setting procedure.

Synchronous operation
selection

Set synchronous 1
operation (1]
(Synchronous presetting) ( Synchronous clearing)
Set TCNT (2] .
Clearing No
source generation
channel?
Select counter 3] Set synchronous 4]
clearing source counter clearing
Start count [5] 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.

[2] When the TCNT counter of any of the channels designated for synchronous operation is written to,
the same value is simultaneously written to the other TCNT counters.

[3] Use bits CCLR2 to CCLRO in TCR to specify TCNT clearing by input capture/output compare, etc.

[4] Use bits CCLR2 to CCLRO in TCR to designate synchronous clearing for the counter clearing source.

[5] Setto 1the CST bits in TSTR for the relevant channels, to start the count operation.

Figure10.11 Example of Synchronous Operation Setting Procedure
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Example of Synchronous Operation: Figure 10.12 shows an example of synchronous operation.

In this example, synchronous operation and PWM mode 1 have been designated for channels 0 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 source.

Three-phase PWM waveforms are output from pins TIOCOA, TIOC1A, and TIOC2A. At this
time, synchronous presetting, and synchronous clearing by TGRB_0 compare match, are
performed for channel 0 to 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 |- mmmm o e e oo e D
TGRB_1 f--------=======- R R S
TGRA O f-------------; L ----------------- -----------------
TORB.2 [eeneennes AT B VAT B
TGRA_1 [------ N S T . 0 IO AR
TGRA_2 [--A- R S R tnmtennen TR R
H'0000 R B S - ' '

Time

TIOCAO |

TIOCA 1

TIOCA 2 i | |_| |: |

Figure 10.12 Example of Synchronous Operation

10.4.3 Buffer Operation

Buffer operation, provided for channels 0, 3, and 4, 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 10.29 shows the register combinations used in buffer operation.
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Table 10.29 Register Combinationsin Buffer Operation

Channel Timer General Register Buffer Register

0 TGRA_O TGRC_O
TGRB_O TGRD_0

3 TGRA_3 TGRC_3
TGRB_3 TGRD_3

4 TGRA 4 TGRC_4
TGRB_4 TGRD_4

e When TGR is an output compare register

When a compare match occurs, the value in the buffer register for the corresponding channel is

transferred to the timer general register.
Thisoperation isillustrated in figure 10.13.

Compare match signal

Buffer
register

Timer general [\
register  [—]

Comparator

[, —
|

TCNT

Figure 10.13 Compare Match Buffer Operation

*  When TGRisan input capture register

When input capture occurs, the value in TCNT istransferred to TGR and the value previously

held in the timer general register istransferred to the buffer register.
This operation isillustrated in figure 10.14.

Input capture
signal

Buffer
register

Timer general
register

TCNT

Figure10.14 Input Capture Buffer Operation
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Example of Buffer Operation Setting Procedure: Figure 10.15 shows an example of the buffer
operation setting procedure.

Buffer operation [1] Designate TGR as an input capture register or

P output compare register by means of TIOR.
| [2] Designate TGR for buffer operation with bits

Select TGR function (1] BFA and BFB in TMDR.
| [3] Setthe CST bitin TSTR to 1 start the count

operation.
Set buffer operation [2]
Start count [3]

!

<Buffer operation>

Figure 10.15 Example of Buffer Operation Setting Procedure
Examples of Buffer Operation:

* When TGR is an output compare register
Figure 10.16 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 thisexample are TCNT clearing by compare match B, 1 output at compare match A, and 0
output at compare match B.
As buffer operation has been set, when compare match A occurs the output changes and the
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.
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TCNT value
TGRB_0 H'0520
TGRA_0 :
H'0000 T 5 i Time
TGRC_O H0200! X | HO450 ! X HO520 5 X:
Transferi\ \‘ . \‘ \ - N :
TGRA_0 X | HO200! X H'0450

Figure10.16 Example of Buffer Operation (1)

*  When TGRisan input capture register
Figure 10.17 shows an operation example in which TGRA has been designated as an input
capture register, and buffer operation has been designated for TGRA and TGRC.
Counter clearing by TGRA input capture has been set for TCNT, and both rising and falling
edges have been selected as the TIOCA pin input capture input edge.
As buffer operation has been set, when the TCNT value is stored in TGRA upon the
occurrence of input capture A, the value previoudy stored in TGRA is simultaneously
transferred to TGRC.
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TCNT value

0]

HOOFB |- - memmmmmme e

H0532 | ocmmoeee oo .

H'0000 Time

TIOCA

TGRA I X H'0532 X H'OF07 X H'09FB
| \ \ \

ToRC | X X H0532 X HoFo7

Figure10.17 Example of Buffer Operation (2)

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 counter clock upon overflow/underflow of
TCNT_2 as set in bits TPSCO to TPSC2 in TCR.

Underflow occurs only when the lower 16-bit TCNT isin phase-counting mode.
Table 10.30 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 10.30 Cascaded Combinations

Combination Upper 16 Bits Lower 16 Bits
Channels 1 and 2 TCNT_1 TCNT_2
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Example of Cascaded Operation Setting Procedure: Figure 10.18 shows an example of the
setting procedure for cascaded operation.

C Cascaded operation ) [1] Set bits TPSC2 to TPSCO in the channel 1
TCR to B'1111 to select TCNT_2 overflow/
| underflow counting.
Set cascading [1] [2] Setthe CST bitin TSTR for the upper and
lower channel to 1 to start the count
| operation.
Start count [2]

<Cascaded operation>

Figure 10.18 Cascaded Operation Setting Procedure

Examples of Cascaded Operation: 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_1isincremented by TCNT_2 overflow and decremented by TCNT_2 underflow.

toke — [ L] [

oo LT
TCNT 2 FFFE 0000 Y0001 0002 X 0001 X 0000 X FFFF X

TCNT_1 0000 X 0001 X 0000

Figure 10.19 Example of Cascaded Operation
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1045 PWM Modes

In PWM mode, PWM waveforms are output from the output pins. The output level can be selected
as 0, 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.

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 IOAO to IOA3 and IOC0 to IOC3in TIOR is
output from the TIOCA and TIOCC pins at compare matches A and C, and the output
specified by bits I0OB0 to IOB3 and IODO0 to IOD3 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, a maximum 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 registers.
The output specified in TIOR is performed by means of compare matches. Upon counter
clearing by a synchronization register compare match, the output value of each pinistheinitial
value setin TIOR. If the set values of the cycle and duty registers are identical, the output
value does not change when a compare match occurs.

In PWM mode 2, a maximum 8-phase PWM output is possible in combination use with
synchronous operation.

The correspondence between PWM output pins and registers is shown in table 10.31.
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Table 10.31 PWM Output Registersand Output Pins

Output Pins

Channel Registers PWM Mode 1 PWM Mode 2

0 TGRA_O TIOCOA TIOCOA
TGRB_0O TIOCOB
TGRC_O0 TIOCOC TIOCOC
TGRD_O TIOCOD

1 TGRA_1 TIOC1A TIOC1A
TGRB_1 TIOC1B

2 TGRA_2 TIOC2A TIOC2A
TGRB_2 TIOC2B

3 TGRA_3 TIOC3A Cannot be set
TGRB_3 Cannot be set
TGRC_3 TIOC3C Cannot be set
TGRD_3 Cannot be set

4 TGRA_4 TIOC4A Cannot be set
TGRB_4 Cannot be set
TGRC_4 TIOC4C Cannot be set
TGRD_4 Cannot be set

Note: In PWM mode 2, PWM output is not possible for the TGR register in which the period is set.
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Example of PWM Mode Setting Procedure: Figure 10.20 shows an example of the PWM mode

setting procedure.

C PWM mode

)

Select counter clock

Select counter clearing
source

Select waveform
output level

Set TGR

Set PWM mode

Start count

<PWM mode>

(1]

—

2]

(3]

[4]

5]

[6]

(1]

(2]

(3]

(4]

(5]

(6]

Select the counter clock with bits TPSC2 to
TPSCO in TCR. Atthe same time, select the
input clock edge with bits CKEG1 and
CKEGO in TCR.

Use bits CCLR2 to CCLRO in TCR to select
the TGR to be used as the TCNT clearing
source.

Use TIOR to designate the TGR as an output
compare register, and select the initial value
and output value.

Set the cycle in the TGR selected in [2], and
set the duty in the other TGR.

Select the PWM mode with bits MD3 to MDO
in TMDR.

Set the CST bitin TSTR to 1 to start the
count operation.

Figure 10.20 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 as the duty cycle.
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Counter cleared by
/ TGRA compare match

TCNT value

TGRA

TGRB

H'0000

Time

TIOCA A

L

Figure10.21 Example of PWM Mode Operation (1)

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 O 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 isused asthe cycle, and the values set in the other TGRs are

used asthe duty levels.

TCNT value

TGRB_1
TGRA_1
TGRD_0
TGRC_0
TGRB_0
TGRA O | --
H'0000

Counter cleared by
TGRB_1 compare match

TIOCOA | .

TIOCOB | ;

TIOCOC

TIOCOD

TIOC1A

Figure 10.22 Example of PWM Mode 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

TGRB rewritten

TGRA

——— e —
_______________________ P
|
o - TGRB
TGRB rewrittén E (B_rev_v@rj__
L~ :
| 0 i |
TIOCA 0% duty cycle '

TCNT value

TGRB rewritten
o—

TGRA

Output does not change when cycle register and duty register
compare matches occur simultaneously

100% duty cycle

TCNT value

TGRB rewritten

TGRA

Output does not change when cycle register and duty
register compare matches occur simultaneously

TGRB rewritten

4
(9]
Y
e ]

100% duty cycle 0% duty cycle

Time

rewritten

Time

Figure 10.23

Example of PWM M ode Oper ation (3)
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10.4.6  Phase Counting Mode

In phase counting mode, the phase difference between two external clock inputsis detected and
TCNT counts up or down accordingly. This mode can be set for channels 1 and 2.

When phase counting mode is set, an external clock is selected as the counter input clock and
TCNT operates as an up/down-counter regardless of the setting of bits TPSCO to TPSC2 and bits
CKEGO and CKEGL1 in TCR. However, the functions of bits CCLRO and CCLR1 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 isthe count direction flag. Reading the TCFD flag reveals whether TCNT is
counting up or down.

Table 10.32 shows the correspondence between external clock pins and channels.

Table 10.32 Phase Counting Mode Clock Input Pins

External Clock Pins

Channels A-Phase B-Phase
When channel 1 is set to phase counting mode TCLKA TCLKB
When channel 2 is set to phase counting mode TCLKC TCLKD

Example of Phase Counting Mode Setting Procedure: Figure 10.24 shows an example of the
phase counting mode setting procedure.

Ph i d [1] Select phase counting mode with bits
ase counting mode MD3 to MDO in TMDR.

‘ [2] Setthe CST bitin TSTR to 1 to start

Select phase counting [1] the count operation.
mode
Start count [2]

<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.

¢ Phase counting mode 1

Figure 10.25 shows an example of phase counting mode 1 operation, and table 10.33
summarizesthe TCNT up/down-count conditions.

TCLKA (channel 1)
TCLKC (channel 2) ! l I l I l ! l ! I

TCLKB (channel 1) 5 ; - ; - : j : j
TOLKD (ehamet 2y L]+ L[ LT T

TCNT value A R

Time

Figure10.25 Example of Phase Counting Mode 1 Operation

Table 10.33 Up/Down-Count Conditionsin Phase Counting Mode 1

TCLKA (Channel 1) TCLKB (Channel 1)

TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level ) Up-count
Low level B

Ky Low level

ER High level

High level KR Down-count
Low level Ry

2y High level

KR Low level

Legend:

_} :Rising edge

1_: Falling edge

Rev. 4.00 Dec 05, 2005 page 197 of 564
REJ09B0270-0400
RENESAS




Section 10 Multi-Function Timer Pulse Unit (MTU)

¢ Phase counting mode 2

Figure 10.26 shows an example of phase counting mode 2 operation, and table 10.34

summarizesthe TCNT up/down-count conditions.

TCLKA (channel 1)
TCLKC (channel 2) | | | | | I [

TCLKB (channel 1)

TCLKD (channel 2) ' : I '
TCNT value : : :

Time

Figure 10.26 Example of Phase Counting M ode 2 Operation

Table 10.34 Up/Down-Count Conditionsin Phase Counting Mode 2

TCLKA (Channel 1) TCLKB (Channel 1)

TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level Ky Don't care
Low level KR Don't care
Ky Low level Don'’t care
KX High level Up-count
High level R Don't care
Low level Ky Don't care
) High level Don't care
KR Low level Down-count
Legend:

_} :Rising edge

Y_: Falling edge
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¢ Phase counting mode 3

Figure 10.27 shows an example of phase counting mode 3 operation, and table 10.35
summarizesthe TCNT up/down-count conditions.

TCLKA (channel 1)

TOLKC (channel 2) 1 |1 [T LI

TCLKB (channel 1) : :
TCLKD (channel 2) | 1

TCNT value

1L

I L

Figure 10.27 Example of Phase Counting Mode 3 Operation

Time

Table 10.35 Up/Down-Count Conditionsin Phase Counting Mode 3

TCLKA (Channel 1) TCLKB (Channel 1)

TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level Y Don't care
Low level R Don't care
Ky Low level Don't care
R High level Up-count
High level KR Down-count
Low level ) Don't care
Ky High level Don't care
KR Low level Don'’t care
Legend:

_§ :Rising edge

1_: Falling edge
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¢ Phase counting mode 4

Figure 10.28 shows an example of phase counting mode 4 operation, and table 10.36

summarizesthe TCNT up/down-count conditions.

TCLKA (channel 1)

TCLKC(channeIZ)J b | b | b [ |

TCLKB (channel 1)
TCLKD (channel 2)

TCNT value :

Time

Figure 10.28 Example of Phase Counting Mode 4 Operation

Table 10.36 Up/Down-Count Conditionsin Phase Counting Mode 4

TCLKA (Channel 1) TCLKB (Channel 1)

TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level ) Up-count
Low level B

Ky Low level Don'’t care
KR High level

High level KR Down-count
Low level Ky

) High level Don't care
KR Low level

Legend:

_} :Rising edge

1_: Falling edge
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Phase Counting M ode 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 enables the accurate detection of position and speed.
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TCLKA
TCLKB

Edge
detection
circuit

Channel 1
TCNT_1
j
(speedgiffcﬁi—iapture) C<]_
i
(pOSitiOI‘-lr SeF:iialcapture) C<]_

TCNT_O

TGRA_O

(speed control period)

TGRC_0

(position control period)

TGRB_O (pulse width capture) C<]—

_[>_

TGRD_O0 (buffer operation)

Channel 0

1 [

Figure 10.29 Phase Counting Mode Application Example
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10.4.7 Reset-Synchronized PWM Mode

In the reset-synchronized PWM mode, three-phase output of positive and negative PWM
waveforms that share acommon wave transition point can be obtained by combining channels 3
and 4.

When set for reset-synchronized PWM mode, the TIOC3B, TIOC3D, TIOC4A, TIOCAC,
TIOC4B, and TIOCA4D pins function as PWM output pins and TCNT3 functions as an upcounter.

Table 10.37 shows the PWM output pins used. Table 10.38 shows the settings of the registers.

Table 10.37 Output Pinsfor Reset-Synchronized PWM Mode

Channel Output Pin Description
3 TIOC3B PWM output pin 1
TIOC3D PWM output pin 1' (negative-phase waveform of PWM output 1)
4 TIOC4A PWM output pin 2
TIOC4C PWM output pin 2' (negative-phase waveform of PWM output 2)
TIOC4B PWM output pin 3
TIOC4D PWM output pin 3' (negative-phase waveform of PWM output 3)

Table 10.38 Register Settings for Reset-Synchronized PWM Mode

Register Description of Setting

TCNT_3 Initial setting of H'0000

TCNT_4 Initial setting of H'0000

TGRA_3 Set count cycle for TCNT_3

TGRB_3 Sets the turning point for PWM waveform output by the TIOC3B and TIOC3D pins
TGRA 4 Sets the turning point for PWM waveform output by the TIOC4A and TIOCA4C pins
TGRB_4 Sets the turning point for PWM waveform output by the TIOC4B and TIOCA4D pins
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Procedurefor Selecting the Reset-Synchronized PWM Mode: Figure 10.30 shows an example
of procedure for selecting the reset synchronized PWM mode.

1. Clear the CST3 and CST4 bitsin the TSTR to 0 to halt the counting of TCNT. The reset-
synchronized PWM mode must be set up while TCNT_3 and TCNT_4 are halted.

2. Set bits TPSC2-TPSC0 and CKEGL1 and CKEGO in the TCR_3 to select the counter clock and
clock edge for channel 3. Set bits CCLR2—CCLRO0 in the TCR_3 to select TGRA compare-
match as a counter clear source.

3. When performing brushless DC motor control, set bit BDC in the timer gate control register
(TGCR) and set the feedback signal input source and output chopping or gate signal direct
output.

4. Reset TCNT_3 and TCNT_4 to H'0000.

5. TGRA_3isthe period register. Set the waveform period valuein TGRA _3. Set the transition
timing of the PWM output waveformsin TGRB_3, TGRA_4, and TGRB_4. Set timeswithin
the compare-match range of TCNT_3.

X < TGRA_3 (X: set value).

6. Select enabling/disabling of toggle output synchronized with the PMW cycle using bit PSYE
in the timer output control register (TOCR), and set the PWM output level with bits OLSP and
OLSN.

7. Set bitsMD3-MDOin TMDR_3to B'1000 to select the reset-synchronized PWM mode.
TIOC3A, TIOC3B, TIOC3D, TIOC4A, TIOC4B, TIOCAC and TIOC4D function as PWM
output pins”. Do not set to TMDR_4.

8. Set the enabling/disabling of the PWM waveform output pinin TOER.

9. Setthe CST3 hitinthe TSTR to 1 to start the count operation.

Notes: The output waveform starts to toggle operation at the point of TCNT_3=TGRA_3=X
by setting X = TGRA, i.e., cycle = duty.
*  PFC registers should be specified before this procedure.
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Reset-synchronized
PWM mode

| Stop counting | @)

Select counter clock and @
counter clear source

Brushless DC motor @
control setting

| Set TCNT | ®

| Set TGR | ®

PWM cycle output enabling, @
PWM output level setting

Set reset-synchronized @
PWM mode

| Enable waveform output |

| Start count operation | ®

v

Reset-synchronized PWM mode

Figure 10.30 Procedurefor Selecting the Reset-Synchronized PWM Mode
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Reset-Synchronized PWM M ode Operation: Figure 10.31 shows an example of operation in the
reset-synchronized PWM mode. TCNT_3 and TCNT_4 operate as upcounters. The counter is
cleared when a TCNT_3 and TGRA_3 compare-match occurs, and then begins counting up from
H'0000. The PWM output pin output toggles with each occurrence of aTGRB_3, TGRA 4,
TGRB_4 compare-match, and upon counter clears.

TCNT3 and TCNT4
values

TIOC3B i _! i _! i
S I I I B
TIOC4A | I i “ l 1—: “ l_I

(
I
i
I
I
I
I
l
TIOC3D |
I
I
I
I
I
I
I
I

TIoC4B | |_ |_ i_
TIOC4D _| _| _| |_

Figure10.31 Reset-Synchronized PWM M ode Operation Example (When the TOCR’s
OLSN=1and OLSP=1)
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10.4.8 Complementary PWM Mode

In the complementary PWM mode, three-phase output of non-overlapping positive and negative
PWM waveforms can be obtained by combining channels 3 and 4.

In complementary PWM mode, TIOC3B, TIOC3D, TIOC4A, TIOC4B, TIOCAC, and TIOC4D
pins function as PWM output pins, the TIOC3A pin can be set for toggle output synchronized with
the PWM period. TCNT_3 and TCNT_4 function as increment/decrement counters.

Table 10.39 shows the PWM output pins used. Table 10.40 shows the settings of the registers
used.

A function to directly cut off the PWM output by using an external signal is supported as a port
function.

Table 10.39 Output Pinsfor Complementary PWM M ode

Channel Qutput Pin Description
3 TIOC3A Toggle output synchronized with PWM period (or /O port)
TIOC3B PWM output pin 1
TIOC3C 110 port”
TIOC3D PWM output pin 1' (non-overlapping negative-phase waveform
of PWM output 1)
4 TIOC4A PWM output pin 2
TIOC4B PWM output pin 3
TIOC4C PWM output pin 2' (non-overlapping negative-phase waveform
of PWM output 2)
TIOC4D PWM output pin 3' (non-overlapping negative-phase waveform

of PWM output 3)
Note: * Avoid setting the TIOC3C pin as a timer 1/O pin in the complementary PWM mode.
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Table 10.40 Register Settingsfor Complementary PWM Mode

Channel Counter/Register Description Read/Write from CPU
3 TCNT_3 Start of up-count from value set Maskable by BSC/BCR1
in dead time register setting”
TGRA_3 Set TCNT_3 upper limit value Maskable by BSC/BCR1
(/2 carrier cycle + dead time) setting”
TGRB_3 PWM output 1 compare register Maskable by BSC/BCR1
setting”
TGRC_3 TGRA_3 buffer register Always readable/writable
TGRD_3 PWM output 1/TGRB_3 buffer Always readable/writable
register
4 TCNT_4 Up-count start, initialized to Maskable by BSC/BCR1
H'0000 setting”
TGRA_4 PWM output 2 compare register Maskable by BSC/BCR1
setting”
TGRB_4 PWM output 3 compare register Maskable by BSC/BCR1
setting”
TGRC_4 PWM output 2/TGRA_4 buffer Always readable/writable
register
TGRD_4 PWM output 3/TGRB_4 buffer Always readable/writable

register

Timer dead time data register
(TDDR)

Set TCNT_4 and TCNT_3 offset
value (dead time value)

Maskable by BSC/BCR1
setting”

Timer cycle data register
(TCDR)

Set TCNT_4 upper limit value
(/2 carrier cycle)

Maskable by BSC/BCR1
setting”

Timer cycle buffer register
(TCBR)

TCDR buffer register

Always readable/writable

Subcounter (TCNTS)

Subcounter for dead time
generation

Read-only

Temporary register 1 (TEMP1)

PWM output 1/TGRB_3
temporary register

Not readable/writable

Temporary register 2 (TEMP2)

PWM output 2/TGRA_4
temporary register

Not readable/writable

Temporary register 3 (TEMP3)

PWM output 3/TGRB_4
temporary register

Not readable/writable

Note: *

BSC/BCR1 (bus controller/bus control register 1).

Access can be enabled or disabled according to the setting of bit 13 (MTURWE) in
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¢ |3
5| [ Torc 3 | TcBR |
€53
oE| c
UE > l l
™ < B8
<ol 2 RTDDR ﬂ{TGRA 33§ TCDR QI
n:% Zo
PEICE | ! !
O PWM cycle
Comparator Match output
signal g
T g = —( PWM output 1
c
S |- —(O PWM output 2
ETCNT 3§l TCNTS [\\TCNT 43 ; |, S —~() PWM output 3
l l £ 2 —() PWM output 4
O |~ S O PWM output 5
Comparator N
p :D7 Natch g —( PWM output 6
signal 5 External cutoff
= input
£ [—OPOED
- ™ o~ = ™ - O [———QPOET
g. m g— < g— as} —
E % £ % £ % ~—) POE2
= = | = ~ [ <~——() POE3
| TGRD_3 | | TGRC_4 | | TGRD_4 |

-

External cutoff
interrupt

¢
|l

: Registers that can always be read or written from the CPU

: Registers that can be read or written from the CPU
(but for which access disabling can be set by the bus controller)

: Registers that cannot be read or written from the CPU
(except for TCNTS, which can only be read)

Figure 10.32 Block Diagram of Channels 3 and 4 in Complementary PWM Mode
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Example of Complementary PWM M ode Setting Procedure: An example of the
complementary PWM maode setting procedureis shown in Figure 10.33.

1. Clear bits CST3 and CST4 in the timer start register (TSTR) to 0, and halt timer counter
(TCNT) operation. Perform complementary PWM mode setting when TCNT_3 and TCNT_4
are stopped.

2. Set the same counter clock and clock edge for channels 3 and 4 with bits TPSC2-TPSCO and
bits CKEG1 and CKEGO in the timer control register (TCR). Use bits CCLR2—CCL RO to set
synchronous clearing only when restarting by a synchronous clear from another channel during
complementary PWM mode operation.

3. When performing brushless DC motor control, set bit BDC in the timer gate control register
(TGCR) and set the feedback signal input source and output chopping or gate signal direct
output.

4. Setthedeadtimein TCNT_3. Set TCNT_4 to H'0000.

5. Set only when restarting by a synchronous clear from another channel during complementary
PWM mode operation. In this case, synchronize the channel generating the synchronous clear
with channels 3 and 4 using the timer synchro register (TSYR).

6. Set the output PWM duty in the duty registers (TGRB_3, TGRA_4, TGRB_4) and buffer
registers (TGRD_3, TGRC 4, TGRD_4). Set the same initial valuein each corresponding
TGR.

7. Set the dead time in the dead time register (TDDR), 1/2 the carrier cyclein the carrier cycle
dataregister (TCDR) and carrier cycle buffer register (TCBR), and 1/2 the carrier cycle plus
the dead timein TGRA_3 and TGRC 3.

8. Select enabling/disabling of toggle output synchronized with the PWM cycle using bit PSYE
in the timer output control register (TOCR), and set the PWM output level with bits OLSP and
OLSN.

9. Select complementary PWM mode in timer mode register 3 (TMDR_3). Pins TIOC3A,
TIOC3B, TIOC3D, TIOC4A, TIOC4B, TIOCAC, and TIOC4D function as output pins®. Do
not setin TMDR_4.

10. Set enabling/disabling of PWM waveform output pin output in the timer output master enable
register (TOER).

11. Set the port control and port /O registers.

12. Set bits CST3 and CST4 in TSTR to 1 simultaneously to start the count operation.

Note: * PFC registers should be specified before this procedure.
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CCompIementary PWM mode)

Stop count operation @)

Counter clock, counter clear @
source selection

Brushless DC motor control ©
setting

TCNT setting @

Inter-channel synchronization ®

setting
TGR setting @
Dead time, carrier cycle @
setting

PWM cycle output enabling,
PWM output level setting

Complementary PWM mode ©
setting

Enable waveform output (@)

Start count operation @

|

<Complementary PWM mode>

Figure 10.33 Example of Complementary PWM M ode Setting Procedure
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Outline of Complementary PWM M ode Operation

In complementary PWM maode, 6-phase PWM output is possible. Figure 10.34 illustrates counter
operation in complementary PWM mode, and Figure 10.35 shows an example of complementary
PWM mode operation.

Counter Operation: In complementary PWM mode, three counterst] TCNT_3, TCNT_4, and
TCNTSO perform up/down-count operations.

TCNT_3isautomatically initialized to the value set in TDDR when complementary PWM mode
is selected and the CST bit in TSTRisO.

When the CST hitisset to 1, TCNT_3 counts up to the value set in TGRA _3, then switchesto
down-counting when it matches TGRA _3,. When the TCNT3 value matches TDDR, the counter
switches to up-counting, and the operation is repeated in this way.

TCNT_4 isinitialized to H'0000.

When the CST hit isset to 1, TCNT4 counts up in synchronization with TCNT_3, and switchesto
down-counting when it matches TCDR . On reaching H'0000, TCNT4 switches to up-counting,
and the operation is repeated in thisway.

TCNTSisaread-only counter. It need not beinitialized.

When TCNT_3 matches TCDR during TCNT_3 and TCNT_4 up/down-counting, down-counting
is started, and when TCNTS matches TCDR, the operation switches to up-counting. When
TCNTS matches TGRA _3, it is cleared to H'0000.

When TCNT_4 matches TDDR during TCNT_3 and TCNT_4 down-counting, up-counting is
started, and when TCNTS matches TDDR, the operation switches to down-counting. When
TCNTS reaches H'0000, it is set with the value in TGRA_3.

TCNTS s compared with the compare register and temporary register in which the PWM duty is
set during the count operation only.
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TCNT_3
TCNT_4
TCNTS
Counter value
A
TGRA_3
TCDR \ :
TCNT_3 !
TCNT—”’: TChTS ‘
; : ; :
H'0000 : . : :

Time

Figure 10.34 Complementary PWM Mode Counter Operation

Register Operation: In complementary PWM mode, nine registers are used, comprising compare
registers, buffer registers, and temporary registers. Figure 10.35 shows an exampl e of
complementary PWM mode operation.

The registers which are constantly compared with the counters to perform PWM output are
TGRB_3, TGRA 4, and TGRB_4. When these registers match the counter, the value set in bits
OL SN and OLSP in the timer output control register (TOCR) is outpuit.

The buffer registers for these compare registers are TGRD_3, TGRC 4, and TGRD_4.

Between a buffer register and compare register there is atemporary register. The temporary
registers cannot be accessed by the CPU.

Datain a compare register is changed by writing the new data to the corresponding buffer register.
The buffer registers can be read or written at any time.

The data written to a buffer register is constantly transferred to the temporary register inthe Ta
interval. Datais not transferred to the temporary register in the Th interval. Data written to a
buffer register in thisinterval is transferred to the temporary register at the end of the Th interval.

The value transferred to atemporary register is transferred to the compare register when TCNTS
for which the Tb interval ends matches TGRA_3 when counting up, or H'0000 when counting
down. The timing for transfer from the temporary register to the compare register can be selected
with bits MD3-M DO in the timer mode register (TMDR). Figure 10.35 shows an examplein
which the mode is selected in which the change is made in the trough.
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Inthetb interval (tbl in Figure 10.35) in which data transfer to the temporary register is not
performed, the temporary register has the same function as the compare register, and is compared
with the counter. In thisinterval, therefore, there are two compare match registers for one-phase
output, with the compare register containing the pre-change data, and the temporary register
containing the new data. In thisinterval, the three counterst] TCNT_3, TCNT_4, and

TCNTSO and two registers] compare register and temporary register] are compared, and PWM
output controlled accordingly.
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Figure 10.35 Example of Complementary PWM M ode Operation
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Initialization: In complementary PWM mode, there are six registers that must be initialized.

Before setting complementary PWM mode with bits MD3-MDO in the timer mode register
(TMDR), the following initial register values must be set.

TGRC_3 operates as the buffer register for TGRA _3, and should be set with 1/2 the PWM carrier
cycle + dead time Td. Thetimer cycle buffer register (TCBR) operates as the buffer register for
the timer cycle data register (TCDR), and should be set with 1/2 the PWM carrier cycle. Set dead
time Td in the timer dead time data register (TDDR).

Set the respective initial PWM duty values in buffer registers TGRD_3, TGRC 4, and TGRD_4.

The values set in the five buffer registers excluding TDDR are transferred simultaneously to the
corresponding compare registers when complementary PWM mode is set.

Set TCNT_4 to H'0000 before setting complementary PWM mode.

Table 10.41 Registersand Counters Requiring I nitialization

Register/Counter Set Value

TGRC_3 1/2 PWM carrier cycle + dead time Td
TDDR Dead time Td

TCBR 1/2 PWM carrier cycle

TGRD_3, TGRC_4, TGRD_4 Initial PWM duty value for each phase
TCNT_4 H'0000

Note: The TGRC_3 set value must be the sum of 1/2 the PWM carrier cycle setin TCBR and
dead time Td setin TDDR.

PWM Output Level Setting: In complementary PWM mode, the PWM pulse output level is set
with bits OLSN and OL SP in the timer output control register (TOCR).

The output level can be set for each of the three positive phases and three negative phases of 6-
phase output.

Complementary PWM mode should be cleared before setting or changing output levels.

Dead Time Setting: In complementary PWM mode, PWM pulses are output with a non-
overlapping relationship between the positive and negative phases. This non-overlap timeis called
the dead time.
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The non-overlap time is set in the timer dead time data register (TDDR). Thevaue setin TDDRis
used asthe TCNT_3 counter start value, and creates non-overlap between TCNT_3 and TCNT_4.
Complementary PWM mode should be cleared before changing the contents of TDDR.

PWM Cycle Setting: In complementary PWM mode, the PWM pulse cycleis set in two
registerst] TGRA_3, in which the TCNT_3 upper limit value is set, and TCDR, in which the
TCNT_4 upper limit value is set. The settings should be made so as to achieve the following
relationship between these two registers:

TGRA_3 set value = TCDR set value + TDDR set value

The TGRA_3 and TCDR settings are made by setting the valuesin buffer registers TGRC_3 and
TCBR. Thevalues set in TGRC_3 and TCBR are transferred simultaneously to TGRA_3 and
TCDR in accordance with the transfer timing selected with bits MD3-MDO in the timer mode
register (TMDR).

The updated PWM cycle isreflected from the next cycle when the data update is performed at the
crest, and from the current cycle when performed in the trough. Figure 10.36 illustrates the
operation when the PWM cycleis updated at the crest.

See the following section, Register data updating, for the method of updating the dataiin each
buffer register.

Counter value GRC_3 TGRA_3

update update
Lo
TCNT_3
TGRA 3 TCNT_4

Time

Figure 10.36 Example of PWM Cycle Updating
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Register Data Updating: In complementary PWM mode, the buffer register is used to update the
datain a compare register. The update data can be written to the buffer register at any time. There
are five PWM duty and carrier cycle registers that have buffer registers and can be updated during
operation.

Thereisatemporary register between each of these registers and its buffer register. When
subcounter TCNTS is not counting, if buffer register data is updated, the temporary register value
is also rewritten. Transfer is not performed from buffer registers to temporary registers when
TCNTS s counting; in this case, the value written to a buffer register istransferred after TCNTS
halts.

The temporary register value is transferred to the compare register at the data update timing set
with bits MD3-MDO in the timer mode register (TMDR). Figure 10.37 shows an example of data
updating in complementary PWM mode. This example shows the mode in which data updating is
performed at both the counter crest and trough.

When rewriting buffer register data, awrite to TGRD_4 must be performed at the end of the
update. Data transfer from the buffer registersto the temporary registersis performed
simultaneoudly for al five registers after the write to TGRD_4.

A writeto TGRD_4 must be performed after writing data to the registers to be updated, even when
not updating all five registers, or when updating the TGRD_4 data. In this case, the data written to
TGRD_4 should be the same as the data prior to the write operation.
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Figure 10.37 Example of Data Updatein Complementary PWM Mode
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Section 10 Multi-Function Timer Pulse Unit (MTU)

Initial Output in Complementary PWM Mode: In complementary PWM mode, the initial
output is determined by the setting of bits OLSN and OL SP in the timer output control register
(TOCR).

Thisinitial output isthe PWM pulse non-active level, and is output from when complementary
PWM mode is set with the timer mode register (TMDR) until TCNT_4 exceeds the value set in
the dead time register (TDDR). Figure 10.38 shows an example of theinitia output in
complementary PWM mode.

An example of the waveform when the initial PWM duty valueis smaller than the TDDR valueis
shown in Figure 10.39.

Timer output control register settings

OLSN bit: 0 (initial output: high; active level: low)
OLSP bit: O (initial output: high; active level: low)

TCNT3, 4 value

TCNT_3
TCNT_4
TGR4_A N
TDDR —
! L R L1 Time
T aae 1 ] 04 1
Initial output + Dead time [
Positive phase : — — ) |—'—.
output 4 . ! I Active level '
Negative phase U T ' . ' '
output ./ : I Active level I I_
\ \
Complementary TCNTS3, 4 count start
PWM mode (TSTR setting)

(TMDR setting)

Figure 10.38 Example of Initial Output in Complementary PWM Mode (1)
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Timer output control register settings

OLSN bit: 0 (initial output: high; active level: low)
OLSP bit: 0 (initial output: high; active level: low)

TCNT_3, 4 value

TCNT_3
TCNT_4
TDDR
v
~ TGR_4 \/\:
. N Time
i Initial output 1 |
Positive phase : — )
output Y/ ! Active level
Negative phase - —
output / :
\ Y
Complementary TCNT_3, 4 count start
PWM mode (TSTR setting)

(TMDR setting)

Figure 10.39 Example of Initial Output in Complementary PWM Mode (2)

Complementary PWM Mode PWM Output Generation Method: In complementary PWM
mode, 3-phase output is performed of PWM waveforms with a non-overlap time between the
positive and negative phases. This non-overlap timeis called the dead time.

A PWM waveform is generated by output of the output level selected in the timer output control
register in the event of a compare-match between a counter and dataregister. While TCNTSis
counting, data register and temporary register values are simultaneously compared to create
consecutive PWM pulses from 0 to 100%. The relative timing of on and off compare-match
occurrence may vary, but the compare-match that turns off each phase takes precedence to secure
the dead time and ensure that the positive phase and negative phase on times do not overlap.
Figures 10.40 to 10.42 show examples of waveform generation in complementary PWM mode.
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Section 10 Multi-Function Timer Pulse Unit (MTU)

The positive phase/negative phase off timing is generated by a compare-match with the solid-line
counter, and the on timing by a compare-match with the dotted-line counter operating with a delay
of the dead time behind the solid-line counter. In the T1 period, compare-match a that turns off the
negative phase has the highest priority, and compare-matches occurring prior to a areignored. In
the T2 period, compare-match c that turns off the positive phase has the highest priority, and
compare-matches occurring prior to ¢ areignored.

In normal cases, compare-matches occur intheordera - b - ¢c - d(orc - d - @ - b'),as
shown in Figure 10.40.

If compare-matches deviate fromthea — b — ¢ - d order, since the time for which the negative
phaseis off is less than twice the dead time, the figure shows the positive phase is not being turned
on. If compare-matches deviate fromthec - d - a' - b' order, since the time for which the
positive phase is off is less than twice the dead time, the figure shows the negative phase is not
being turned on.

If compare-match ¢ occurs first following compare-match a, as shown in Figure 10.41, compare-
match b isignored, and the negative phase is turned off by compare-match d. Thisis because
turning off of the positive phase has priority due to the occurrence of compare-match ¢ (positive
phase off timing) before compare-match b (positive phase on timing) (consequently, the waveform
does not change since the positive phase goes from off to off).

Similarly, in the example in Figure 10.42, compare-match @' with the new data in the temporary
register occurs before compare-match ¢, but other compare-matches occurring up to ¢, which turns
off the positive phase, areignored. As aresult, the positive phase is not turned on.

Thus, in complementary PWM mode, compare-matches at turn-off timings take precedence, and
turn-on timing compare-matches that occur before a turn-off timing compare-match are ignored.
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<— T1 period T2 period —4<—T1 period —

TGR3A 3+

TCDR :

TDDR |

H'0000

Positive phase

Negative phase | | I

Figure 10.40 Example of Complementary PWM Mode Waveform Output (1)

47 T1 period T2 period T1 period —
TGRA_3 |

TCDR !

TDDR |

H'0000 *

Positive phase - L

: 1 ]

Negative phase

Figure10.41 Example of Complementary PWM M ode Waveform Output (2)
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71 period T2 period T1 period—
TGRA 3 | :

TCDR

TDDR

H'0000

Positive phase

Negative phase

Figure 10.42 Example of Complementary PWM Mode Waveform Output (3)

<~ T1 period 4 , T2 period T1 period —

TGRA_3

TCDR

TDDR

H'0000

Positive phase

Negative phase | i I

Figure 10.43 Example of Complementary PWM Mode 0% and 100% Waveform Output (1)
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|l«—T1 period T2 period T1 period—

TGRA 3

TCDR

TDDR

H'0000

Positive phase

Negative phase

Figure 10.44 Example of Complementary PWM Mode 0% and 100% Waveform Output (2)

<——T1 period T2 period ———><——T1 period —

TGRA_3

TCDR

TDDR

H'0000

Positive phase

Negative phase Q |

Figure 10.45 Example of Complementary PWM Mode 0% and 100% Waveform Output (3)
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l«——T1 period

T2 period

T1 period——

TGRA 3

TCDR

TDDR |

H'0000

Positive phase

Negative phase l

Figure 10.46 Example of Complementary PWM Mode 0% and 100% Waveform Output (4)

T1 period—

{———T1 period
c

b

T2 period

TGRA 3

TCDR

TDDR

H'0000

Positive phase

Negative phase

Figure 10.47 Example of Complementary PWM Mode 0% and 100% Waveform Output (5)
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Complementary PWM Mode 0% and 100% Duty Output: In complementary PWM mode, 0%
and 100% duty cycles can be output as required. Figures 10.43 to 10.47 show output examples.

100% duty output is performed when the data register value is set to H'0000. The waveform in this
case has a positive phase with a 100% on-state. 0% duty output is performed when the data
register value is set to the same value as TGRA _3. The waveform in this case has a positive phase
with a 100% off-state.

On and off compare-matches occur simultaneoudly, but if a turn-on compare-match and turn-off
compare-match for the same phase occur simultaneously, both compare-matches are ignored and
the waveform does not change.

Toggle Output Synchronized with PWM Cycle: In complementary PWM mode, toggle output
can be performed in synchronization with the PWM carrier cycle by setting the PSYE bitto 1 in
the timer output control register (TOCR). An example of atoggle output waveform is shownin
Figure 10.48.

This output istoggled by a compare-match between TCNT_3 and TGRA _3 and a compare-match
between TCNT4 and H'0000.

The output pin for thistoggle output isthe TIOC3A pin. Theinitial output is 1.

TGRA_3

H'0000

Toggle output
TIOC3A pin

Figure 10.48 Example of Toggle Output Waveform Synchronized with PWM Output
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Counter Clearing by another Channel: In complementary PWM mode, by setting a mode for
synchronization with another channel by means of the timer synchro register (TSYR), and
selecting synchronous clearing with bits CCLR2—CCLRO in the timer control register (TCR), itis
possible to have TCNT_3, TCNT_4, and TCNTS cleared by another channel.

Figure 10.49 illustrates the operation.

Use of this function enables counter clearing and restarting to be performed by means of an
external signal.

TCNTS

TGRA_3

TCDR /
TCNT_3
TCNT_4 /
TDDR /

H'0000

Channel 1
Input capture A

_— i

TCNT_1

Synchronous counter clearing by channel 1 input capture A

Figure10.49 Counter Clearing Synchronized with Another Channel
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Example of AC Synchronous Motor (BrushlessDC Motor) Drive Waveform Output: In
complementary PWM maode, a brushless DC motor can easily be controlled using the timer gate
control register (TGCR). Figures 10.50 to 10.53 show examples of brushless DC motor drive
waveforms created using TGCR.

When output phase switching for a 3-phase brushless DC motor is performed by means of externa
signals detected with a Hall element, etc., clear the FB bit in TGCR to 0. In this case, the external
signalsindicating the polarity position are input to channel 0 timer input pins TIOCOA, TIOCOB,
and TIOCOC (set with PFC). When an edge is detected at pin TIOCOA, TIOCOB, or TIOCOC, the
output on/off state is switched automatically.

When the FB hit is 1, the output on/off state is switched when the UF, VF, or WF bitin TGCR is
clearedto O or setto 1.

The drive waveforms are output from the complementary PWM mode 6-phase output pins. With
this 6-phase output, in the case of on output, it is possible to use complementary PWM mode
output and perform chopping output by setting the N bit or P bit to 1. When the N bit or P bit is0,
level output is selected.

The 6-phase output active level (on output level) can be set with the OLSN and OL SP hitsin the
timer output control register (TOCR) regardless of the setting of the N and P hits.
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TIOCOA pin

External input

£
Q.
o
o
O
©
T

TIOCOC pin
TIOC3D pin
TIOC4A pin

6-phase output TIOC3B pin

TIOCAC pin

TIOC4B pin
TIOCA4D pin

high

0, output active level =

0,FB =

0,P=

1,N=

When BDC

Figure 10.50 Example of Output Phase Switching by External Input (1)

TIOCOA pin

External input

TIOCOB pin

TIOCOC pin

TIOC3B pin

6-phase output

TIOC3D pin

TIOC4A pin

TIOCAC pin

TIOC4B pin

TIOC4D pin

high

0, output active level =

1,FB =

1,P=

1,N=

When BDC

Figure10.51 Example of Output Phase Switching by External Input (2)
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TGCR UF bit
VF bit
WF bit
6-phase output  TIOC3B pin | : ' : : : | : :
L i L T
TIOC3D pin 1 | 1 | i i i i

TIOC4Apin | ! : N |

TIOCAC pin

TIOC4Bpin | . | ! Lo

TIOC4D pin | , | | | |

When BDC =1,N=0, P=0, FB =1, output active level = high

Figure 10.52 Example of Output Phase Switching by Means of UF, VF, WF Bit Settings (1)

TGCR UF bit

VF bit

WF bit

6-phase output TIOC3B pin |||||||||||| : : : |||||||||||| : :

TIOC3D pin b : b

TiocaApn || “””“”“ A
TIOC4Cpin|_|-|_|-|_|-|_|-|
Toc4D pin | “””””H ||||||||||||

When BDC=1,N=1,P =1, FB =1, output active level = high

Figure 10.53 Example of Output Phase Switching by Means of UF, VF, WF Bit Settings (2)
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A/D Conversion Start Request Setting: In complementary PWM mode, an A/D conversion start
request can be set using a TGRA _3 compare-match or a compare-match on a channel other than
channels 3 and 4.

When start requests using a TGRA _3 compare-match are set, A/D conversion can be started at the
center of the PWM pulse.

A/D conversion start requests can be set by setting the TTGE bit to 1 in the timer interrupt enable
register (TIER).

Complementary PWM M ode Output Protection Function

Complementary PWM mode output has the following protection functions.

Register and counter miswrite prevention function

With the exception of the buffer registers, which can be rewritten at any time, access by the
CPU can be enabled or disabled for the mode registers, control registers, compare registers,
and counters used in complementary PWM mode by means of bit 13 in the bus controller’s bus
control register 1 (BCR1). Some registersin channels 3 and 4 concerned are listed below: total
21 registersof TCR_3 and TCR_4; TMDR_3 and TMDR_4; TIORH_3 and TIORH_4;
TIORL_3and TIORL_4; TIER _3and TIER_4; TCNT_3 and TCNT_4; TGRA_3 and
TGRA 4; TGRB 3 and TGRB 4; TOER; TOCR; TGCR; TCDR; and TDDR. Thisfunction
enables the CPU to prevent miswriting due to the CPU runaway by disabling CPU access to
the mode registers, control register, and counters. In access disabled state, an undefined value
isread from the registers concerned, and cannot be modified.

Halting of PWM output by external signal

The 6-phase PWM output pins can be set automatically to the high-impedance state by
inputting specified external signals. There are four external signal input pins.

See section 10.9, Port Output Enable (POE), for details.

Halting of PWM output when oscillator is stopped

If it is detected that the clock input to this LS| has stopped, the 6-phase PWM output pins
automatically go to the high-impedance state. The pin states are not guaranteed when the clock
isrestarted.

See section 4.2, Function for Detecting the Oscillator Halt.
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10.5 Interrupts

1051 Interruptsand Priorities

There are three kinds of MTU interrupt source; TGR input capture/compare match, TCNT
overflow, and TCNT underflow. Each interrupt source has its own status flag and enable/disabled
bit, allowing the generation of interrupt request signalsto be enabled or disabled individually.

When an interrupt request is generated, the corresponding statusflag 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 0.

Relative channel priorities can be changed by the interrupt controller, however the priority order
within achannel isfixed. For details, see section 6, Interrupt Controller (INTC).

Table 10.42 lists the TPU interrupt sources.
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Table 10.42 MTU Interrupts

Interrupt DTC

Channel  Name Interrupt Source Flag Activation Priority
0 TGIOA TGRA_0 input capture/compare match TGFA_O Possible High
TGIOB TGRB_0 input capture/compare match TGFB_O Possible *
TGIOC TGRC_0 input capture/compare match TGFC_0 Possible
TGIOD TGRD_0 input capture/compare match TGFD_0 Possible
TCIloV TCNT_O overflow TCFV_0 Not possible
1 TGI1A TGRA_1 input capture/compare match TGFA_1 Possible
TGI1B TGRB_1 input capture/compare match TGFB_1 Possible
TCl1V TCNT_1 overflow TCFV_1 Not possible
TCI1U TCNT_1 underflow TCFU_1 Not possible
2 TGI2A TGRA_2 input capture/compare match TGFA_2 Possible
TGI2B TGRB_2 input capture/compare match TGFB_2 Possible
TCI2V TCNT_2 overflow TCFV_2 Not possible
TCIl2U TCNT_2 underflow TCFU_2 Not possible
3 TGI3A TGRA_3 input capture/compare match TGFA_3 Possible
TGI3B TGRB_3 input capture/compare match TGFB_3 Possible
TGI3C TGRC_3 input capture/compare match TGFC_3 Possible
TGI3D TGRD_3 input capture/compare match TGFD_3 Possible
TCI3V TCNT_3 overflow TCFV_3 Not possible
4 TGI4A TGRA_4 input capture/compare match TGFA_4 Possible
TGl4B TGRB_4 input capture/compare match TGFB_4 Possible
TGl4C TGRC_4 input capture/compare match TGFC_4 Possible
TGI4D TGRD_4 input capture/compare match TGFD_4 Possible v
TCl4v TCNT_4 overflow/underflow TCFV_4 Possible Low

Note: This table shows the initial state immediately after a reset. The relative channel priorities
can be changed by the interrupt controller.

Input Capture/Compare Match Interrupt: Aninterrupt is requested if the TGIE bit in TIER is
set to 1 when the TGF flag in TSR is set to 1 by the occurrence of a TGR input capture/compare
match on a particular channel. The interrupt request is cleared by clearing the TGF flag to 0. The
MTU has 16 input capture/compare match interrupts, four each for channels 0, 3, and 4, and two
each for channels 1 and 2.
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Overflow Interrupt: Aninterrupt isrequested if the TCIEV bitin TIER is set to 1 when the
TCFV flagin TSRisset to 1 by the occurrence of TCNT overflow on a channel. The interrupt
request is cleared by clearing the TCFV flag to 0. The MTU has five overflow interrupts, one for
each channel.

Underflow Interrupt: Aninterrupt isrequested if the TCIEU bitin 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
request is cleared by clearing the TCFU flag to 0. The MTU has four underflow interrupts, one
each for channels 1 and 2.

10.52 DTC Activation

The DTC can be activated by the TGR input capture/compare match interrupt in each channel. For
details, see section 8, Data Transfer Controller (DTC).

A total of 17 MTU 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 and 2, and five for channel 4.

10.5.3 A/D Converter Activation
The A/D converter can be activated by the TGRA input capture/compare match in each channel.

If the TTGE bit in TIER is set to 1 when the TGFA flag in TSR is set to 1 by the occurrence of a
TGRA input capture/compare match on a particular channel, arequest to start A/D conversion is
sent to the A/D converter. If the MTU conversion start trigger has been selected on the A/D
converter at thistime, A/D conversion starts.

Inthe MTU, atotal of five TGRA input capture/compare match interrupts can be used as A/D
converter conversion start sources, one for each channel.

Rev. 4.00 Dec 05, 2005 page 235 of 564
REJ09B0270-0400
RENESAS



Section 10 Multi-Function Timer Pulse Unit (MTU)

10.6

10.6.1

Operation Timing

I nput/Output Timing

TCNT Count Timing: Figure 10.54 shows TCNT count timing in internal clock operation, and
Figure 10.55 shows TCNT count timing in external clock operation (normal mode), and Figure
10.56 shows TCNT count timing in external clock operation (phase counting mode).

JS [ I A A

(I) Rising edge |

Internal clock j} Falling edge

TCNT input | | | | | |

clock

TCNT N1 X N X N+1 T
Figure 10.54 Count Timingin Internal Clock Operation

Py UL

External clock _Cl) Falling edge

(I) Rising edge

[ ]

(I) Falling edge

[ ]

TCNT input | |
clock
TCNT N-1 X N X

N+1 X

N+2

Figure10.55 Count Timingin External Clock Operation
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J

Po

L] [ 1

External
clock

1} Falling edge

(b Rising edge q} Falling edge

TCNT input
clock

\
B

TCNT

N+1

N ) N X

Figure10.56 Count Timing in External Clock Operation (Phase Counting M ode)

Output Compare Output Timing: A compare match signal is generated in the final 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 (TIOC pin). After amatch between TCNT and TGR, the compare match
signal is not generated until the TCNT input clock is generated.

Figure 10.57 shows output compare output timing (normal mode and PWM mode) and Figure
10.58 shows output compare output timing (complementary PWM mode and reset synchronous

PWM mode).
oo 0L L L L
TCNT input | |
clock
TCNT N X N+1
TGR N
Compare | |
match signal
TIOC pin X
Figure 10.57 Output Compare Output Timing (Normal Mode/PWM Mode)
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o L [ ]
TCNT input |
clock

TCNT N X N+1

TGR N

Compare

match signal

TIOC pin X

Figure 10.58 Output Compare Output Timing
(Complementary PWM Mode/Reset Synchronous PWM M ode)

Input Capture Signal Timing: Figure 10.59 shows input capture signal timing.

S O I o O

Input capture

input J |

Isrllg:; Icapture _l _l

TCNT ) N Y ona ) N+2§ X X:
\ \

TGR X N X N+2

Figure10.59 Input Capture Input Signal Timing
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Timing for Counter Clearing by Compare Match/Input Capture: Figure 10.60 shows the
timing when counter clearing on compare match is specified, and Figure 10.61 shows the timing
when counter clearing on input capture is specified.

o L LU L
Compare | |
match signal
Counter | |
clear signal

TCNT N X H'0000

TGR N

Figure10.60 Counter Clear Timing (Compare Match)

G I O
Input capture I
signal |
Counter clear o |
signal H

TCNT N ; X H'0000
\
TGR X N

Figure10.61 Counter Clear Timing (Input Capture)

Rev. 4.00 Dec 05, 2005 page 239 of 564
REJ09B0270-0400

RENESAS




Section 10 Multi-Function Timer Pulse Unit (MTU)

Buffer Operation Timing: Figures 10.62 and 10.63 show the timing in buffer operation.

N

Py
TCNT n ! n+1
maten Sgnal [
e : /x :
TR v
Figure 10.62 Buffer Operation Timing (Compare Match)
o LT LT L L L L L L

Input capture

signal

TCNT

TGRA,

TGRB

TGRC,

TGRD

XN+1
N

[ ]
X

N+1

L)/

Figure 10.63 Buffer Operation Timing (Input Capture)
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10.6.2 Interrupt Signal Timing

TGF Flag Setting Timing in Case of Compare Match: Figure 10.64 shows the timing for
setting of the TGF flag in TSR on compare match, and TGI interrupt request signal timing.

Po

TCNT input
clock

TCNT

TGR

Compare
match signal

TGF flag

TGl interrupt

Uy

[

N X N+1

[ ]

Figure 10.64

TGI Interrupt Timing (Compare Match)
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TGF Flag Setting Timing in Case of Input Capture: Figure 10.65 shows the timing for setting
of the TGF flag in TSR on input capture, and TGI interrupt request signal timing.

O [ O O o I

Input capture |
signal |

TCNT N

TGR B

TGF flag |

TGl interrupt |

Figure10.65 TGI Interrupt Timing (Input Capture)
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TCFV Flag/TCFU Flag Setting Timing: Figure 10.66 shows the timing for setting of the TCFV
flag in TSR on overflow, and TCIV interrupt request signal timing.

Figure 10.67 shows the timing for setting of the TCFU flag in TSR on underflow, and TCIU
interrupt request signal timing.

P9 NSRS EREEERERERE
TCNT input | |
clock

TCNT \ \
overfion) H'EFFE ) Hoooo
Overflow

signal | |
TCFV flag

TCIV interrupt

Figure10.66 TCIV Interrupt Setting Timing

& S L
TCNT |_|
input clock

TCNT : '
(underflow) H'0000 X H'FFFF
Underflow

signal | |
TCFU flag |

TCIU interrupt |

Figure 10.67 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
Otoit. When the DTC is activated, the flag is cleared automatically. Figure 10.68 shows the

timing for status flag clearing by the CPU, and Figure 10.69 shows the timing for status flag
clearing by the DTC.

TSR write cycle
T1 T2

et
oo LT LT LT L L L
Address X TSR address X
Write signal | |
Status flag |

Interrupt |
request signal

Figure 10.68 Timingfor StatusFlag Clearing by the CPU

DTC DTC
read cycle write cycle

Lo, T2 71, T2
f T T T 1

N I I I

Address X Source address Do X
Status flag |

Interrupt |
request signal

Figure 10.69 Timing for Status Flag Clearing by DTC Activation
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10.7  Usage Notes

10.7.1 Module Standby Mode Setting

MTU operation can be disabled or enabled using the module standby register. The initial setting is
for MTU operation to be halted. Register accessis enabled by clearing module standby mode. For
details, refer to section 21, Power-Down Modes.

10.7.2  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 10.70 shows the input clock
conditions in phase counting mode.

Phase Phase
differ- differ-
i Overlap :ence :Overlap: ence | i Pulse width | i Pulse width |
TCLKA E | ; ' E E — '
(TCLKC) ! 5 ! ! 5
TCLKB : , : : ,
(TCLKD) ; : : : :
: : : :
' Pulse width ! ' Pulse width

Notes: Phase difference and overlap : 1.5 states or more
Pulse width : 2.5 states or more

Figure 10.70 Phase Difference, Overlap, and Pulse Width in Phase Counting Mode
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10.7.3  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:

fo__ PO
(N+1)
Where f : Counter frequency
Po : Peripheral clock operating frequency
N : TGRsetvaue
10.7.4  Contention between TCNT Write and Clear Operations

If the counter clear signal is generated in the T2 state of a TCNT write cycle, TCNT clearing
takes precedence and the TCNT write is not performed.

Figure 10.71 shows the timing in this case.

TCNT write cycle

T1 T2
Po JUL L L L L
Address XTCNT addressX

Write signal | |
Counter clear
signal | |

TCNT N X H'0000

Figure10.71 Contention between TCNT Writeand Clear Operations
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10.75 Contention between TCNT Write and I ncrement Operations

If incrementing occursin the T2 state of a TCNT write cycle, the TCNT write takes precedence
and TCNT is not incremented.

Figure 10.72 shows the timing in this case.

TCNT write cycle

T1 T2
o LT L L L L
Address XTCNT addressX

Write signal | |
TCNT input | |
clock

TCNT N X LM

TCNT write data

Figure 10.72 Contention between TCNT Writeand I ncrement Operations
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10.7.6  Contention between TGR Write and Compare Match

When a compare match occurs in the T2 state of a TGR write cycle, the TGR write is executed
and the compare match signal is generated.

Figure 10.73 shows the timing in this case.

TGR write cycle

T1 T2
- JU L L L L
Address X TGR address X

Write signal | |
Compare I_l
match signal

TCNT N X N+1

TGR N X M

TGR write data

Figure 10.73 Contention between TGR Writeand Compare Match
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10.7.7  Contention between Buffer Register Write and Compare Match

If acompare match occursin the T2 state of a TGR write cycle, the data that is transferred to TGR
by the buffer operation differs depending on channel 0 and channels 3 and 4: dataon channel O is
that after write, and on channels 3 and 4, before write.

Figures 10.74 and 10.75 show the timing in this case.

TGR write cycle
T1 T2

fe——

Py UL e
Buffer register
Address X drads X
Write signal | |
Compare I_l
match signal
Compare I_l
match buffer
signal Buffer register write data
~
Buffer register N X M
|

TGR X M

Figure10.74 Contention between Buffer Register Write and Compare Match (Channel 0)
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TGR write cycle
T1 T2
D R
Py S L L e

Address Buffer register X
address

Write signal

Compare match
signal

Compare match

2

buffer signal
' Buffer register write data
r ;/ ’

Buffer register N : X M

TGR X N

Figure10.75 Contention between Buffer Register Write and Compare Match
(Channels 3 and 4)
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10.7.8  Contention between TGR Read and | nput Capture

If an input capture signal is generated in the T1 state of a TGR read cycle, the data that is read will
be that in the buffer after input capture transfer.

Figure 10.76 shows the timing in this case.

TGR read cycle

T1 T2
"

. 1L L L L L L

Address

x TGR address X

Read signal

Input capture
signal

TGR

S O

Internal data bus

X M

Figure 10.76

Contention between TGR Read and I nput Capture
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10.7.9  Contention between TGR Writeand Input Capture

If an input capture signal is generated in the T2 state of a TGR write cycle, the input capture
operation takes precedence and the write to TGR is not performed.

Figure 10.77 shows the timing in this case.

TGR write cycle

T1 T2
Po SO UL L L
Address X TGR address X

Write signal | |
Input capture |_|
signal

TCNT LM

TGR X M

Figure10.77 Contention between TGR Writeand Input Capture
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10.7.10 Contention between Buffer Register Writeand Input Capture

If an input capture signal is generated in the T2 state of abuffer register write cycle, the buffer
operation takes precedence and the write to the buffer register is not performed.

Figure 10.78 shows the timing in this case.

Buffer register write cycle

T1 T2

Po S L e
Buffer register

Address X addre%s X

Write signal

L
Input capture I_l

signal |

TCNT LN
TN

TGR M L) N
\

Buffer register X M

Figure10.78 Contention between Buffer Register Writeand Input Capture

10.7.11 TCNT2 Write and Overflow/Underflow Contention in Cascade Connection

With timer counters TCNT1 and TCNT2 in a cascade connection, when a contention occurs
during TCNT_1 count (during a TCNT_2 overflow/underflow) in the T, state of the TCNT_2
write cycle, the writeto TCNT_2 is conducted, and the TCNT_1 count signal isdisabled. At this
point, if thereis match with TGRA_1 and the TCNT _1 value, acompare signal is issued.
Furthermore, when the TCNT_1 count clock is selected as the input capture source of channel 0,
TGRA_Oto D_O carry out the input capture operation. In addition, when the compare match/input
capture is selected as the input capture source of TGRB_1, TGRB_1 carries out input capture
operation. The timing is shown in Figure 10.79.

For cascade connections, be sure to synchronize settings for channels 1 and 2 when setting TCNT
clearing.
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TCNT write cycle

T1 T1
& IR ERERERERERE
Address XTCNT_Z addressX

Write signal

TCNT_2 X HFFFE X H'FFFF X‘N X N+1 X

TCNT_2 write data

TGR2A_2to )
TGR2B_2 HFFFF

Ch2 compare-
match signal A/B

TCNT_1 input : : Disabled
clock ' '

TCNT 1 M

TGRA 1 M

Ch1 compare-
match signal A

TGRB_1 N X M
Chl input capture

signal B

TCNT_O P

TGRA_0 to X
TGRD_0 Q P

ChO input capture
signal Ato D

Figure10.79 TCNT_2 Write and Overflow/Underflow Contention with Cascade
Connection
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10.7.12 Counter Value during Complementary PWM Mode Stop

When counting operation is stopped with TCNT_3 and TCNT_4 in complementary PWM mode,
TCNT_3 hasthe timer dead time register (TDDR) value, and TCNT_4 is set to H'0000.

When restarting complementary PWM mode, counting begins automatically from theinitialized
state. This explanatory diagram is shown in Figure 10.80.

When counting begins in another operating mode, be surethat TCNT_3 and TCNT_4 are set to
theinitial values.

TGRA 3
TCDR
TDDR
H'0000
|
)
‘ Complementary PWM Complementary PWM
mode operation mode operation
Counter Complementary

operation stop PMW restart

Figure10.80 Counter Value during Complementary PWM Mode Stop

10.7.13 Buffer Operation Setting in Complementary PWM Mode

In complementary PWM mode, conduct rewrites by buffer operation for the PWM cycle setting
register (TGRA _3), timer cycle data register (TCDR), and duty setting registers (TGRB_3,
TRGA_4, and TGRB_4).

In complementary PWM mode, channel 3 and channel 4 buffers operate in accordance with bit
settings BFA and BFB of TMDR_3. When TMDR_3's BFA hitissetto 1, TGRC_3functionsasa
buffer register for TGRA_3. At the sametime, TGRC_4 functions as the buffer register for
TRGA_4, while the TCBR functions as the TCDR'’s buffer register.
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10.7.14 Reset Sync PWM Mode Buffer Operation and Compare Match Flag

When setting buffer operation for reset sync PWM mode, set the BFA and BFB bits of TMDR_4
to 0. The TIOCAC pin will be unable to produce its waveform output if the BFA bit of TMDR_4 is
setto 1.

In reset sync PWM maode, the channel 3 and channel 4 buffers operate in accordance with the BFA
and BFB bit settings of TMDR_3. For example, if the BFA bit of TMDR_3issetto 1, TGRC_3
functions as the buffer register for TGRA_3. At the same time, TGRC_4 functions as the buffer
register for TRGA_4.

The TGFC bit and TGFD bit of TSR_3 and TSR _4 are not set when TGRC_3 and TGRD_3 are
operating as buffer registers.

Figure 10.81 shows an example of operationsfor TGR_3, TGR_4, TIOC3, and TIOC4, with
TMDR_3's BFA and BFB bits set to 1, and TMDR_4's BFA and BFB bits set to 0.

TGRA_3 Buffer transfer with

compare match A3

TCNT3

Point a
TGRC 3 -———-———-—————¢——— TGRA_3,

TGRC_3

TGRB_3, TGRA_4,
TGRB_4

I
I
I
Point b !
TGRD_3,TGRC_4,| _ o _ __ _; _____ o TGRB_3, TGRD_3,
I
I
I
T
I
I
I
1
I

TGRD_4 TGRA_4, TGRC 4,
TGRB_4, TGRD_4

H'0000

TIOC3A
TIOC3B
TIOC3D !
TIOC4A

TIoc4ac |—_I""j}"_l_| 11
TIOC4B - -
TIOC4D
TGFC
TGFD

Figure10.81 Buffer Operation and Compare-Match Flagsin Reset Sync PWM Mode
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10.7.15 Overflow Flagsin Reset Sync PWM Mode

When set to reset sync PWM mode, TCNT_3 and TCNT _4 start counting when the CST3 hit of
TSTRisset to 1. At this point, TCNT_4's count clock source and count edge obey the TCR_3
setting.

In reset sync PWM mode, with cycle register TGRA_3's set value at H'FFFF, when specifying
TGR3A compare-match for the counter clear source, TCNT_3 and TCNT_4 count up to H'FFFF,
then a compare-match occurs with TGRA_3, and TCNT_3 and TCNT_4 are both cleared. At this
point, TSR’s overflow flag TCFV bit is not set.

Figure 10.82 shows a TCFV bit operation example in reset sync PWM mode with a set value for
cycle register TGRA _3 of H'FFFF, when a TGRA _3 compare-match has been specified without
synchronous setting for the counter clear source.

Counter cleared by compare match 3A
TGRA_3

(HFFFF)

TCNT_3=TCNT_4

H'0000
L o o | ;/_ ______________ Lo I
TCFV_3 ! | Not set |

Figure10.82 Reset Sync PWM Mode Overflow Flag
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10.7.16 Contention 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 10.83 shows the operation timing when a TGR compare match is specified as the clearing
source, and when H'FFFF is set in TGR.

o LT L
TCNT input | |
clock

TCNT HFFFF \ 10000

Counter clear I_l

signal

TGF |

TCFV Disabled —» :' -----------------------------

Figure 10.83 Contention between Overflow and Counter Clearing
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10.7.17 Contention between TCNT Write and Over flow/Under flow

If thereis an up-count or down-count in the T2 state of a TCNT write cycle, and
overflow/underflow occurs, the TCNT write takes precedence and the TCFV/TCFU flag in TSR is
not set.

Figure 10.84 shows the operation timing when there is contention between TCNT write and
overflow.

TCNT write cycle

| T1 »l T2 »l
L2 I S I A
Address X TCNT address X
Write signal |—| J/ TCNT write data
TCNT H'FFFF X M

TCFV flag ,

Figure 10.84 Contention between TCNT Write and Overflow

10.7.18 Cautionson Transition from Normal Operation or PWM Mode 1 to Reset-
Synchronous PWM Mode

When making atransition from channel 3 or 4 normal operation or PWM mode 1 to reset-
synchronous PWM mode, if the counter is halted with the output pins (TIOC3B, TIOC3D,
TIOC4A, TIOCAC, TIOC4B, TIOCA4D) in the high-impedance state, followed by the transition to
reset-synchronous PWM mode and operation in that mode, the initial pin output will not be
correct.

When making a transition from normal operation to reset-synchronous PWM mode, write H'11 to
registers TIORH_3, TIORL_3, TIORH_4, and TIORL_4 to initialize the output pinsto low level
output, then set an initial register value of H'00 before making the mode transition.

When making atransition from PWM mode 1 to reset-synchronous PWM mode, first switch to
normal operation, then initialize the output pinsto low level output and set an initial register value
of H'00 before making the transition to reset-synchronous PWM mode.
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10.7.19 Output Level in Complementary PWM M ode and Reset-Synchronous PWM Mode

When channels 3 and 4 are in complementary PWM mode or reset-synchronous PWM mode, the
PWM waveform output level is set with the OLSP and OLSN bitsin the timer output control
register (TOCR). In the case of complementary PWM mode or reset-synchronous PWM mode,
TIOR should be set to H'00.

10.7.20 Interruptsin Module Standby Mode

If module standby 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 standby mode.

10.7.21 Simultaneous Input Capture of TCNT_1 and TCNT_2 in Cascade Connection

When cascade-connected timer counters (TCNT_1 and TCNT_2) are operated, cascade values
cannot be captured even if input capture is executed simultaneously with TIOC1A or TIOC1B and
TIOC2A or TIOC2B.

10.7.22 Notes on Buffer Operation Settings

When enabling buffer operation, clear to O bit TGIEC or TGIED in the timer interrupt enable
register (TIER) corresponding to the TGRC or TGRD register used as the buffer register.
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10.8 MTU Output Pin Initialization

10.8.1 Operating Modes

The MTU has the following six operating modes. Waveform output is possiblein al of these
modes.

e Norma mode (channels 0 to 4)

*  PWM mode 1 (channels 0 to 4)

PWM mode 2 (channels 0 to 2)

* Phase counting modes 14 (channels 1 and 2)

¢ Complementary PWM mode (channels 3 and 4)

¢ Reset-synchronous PWM mode (channels 3 and 4)

The MTU output pin initialization method for each of these modesis described in this section.

10.8.2 Reset Start Operation

The MTU output pins (TIOC*) are initialized low by areset or in standby mode. Since MTU pin
function selection is performed by the pin function controller (PFC), when the PFC is set, the
MTU pin states at that point are output to the ports. When MTU output is selected by the PFC
immediately after areset, the MTU output initial level, low, is output directly at the port. When
the active level islow, the system will operate at this point, and therefore the PFC setting should
be made after initialization of the MTU output pinsis completed.

Note: Channel number and port notation are substituted for *.
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10.8.3  Operation in Case of Re-Setting Dueto Error During Oper ation, etc.

If an error occurs during MTU operation, MTU output should be cut by the system. Cutoff is
performed by switching the pin output to port output with the PFC and outputting the inverse of
the active level. For large-current pins, output can also be cut by hardware, using port output
enable (POE). The pin initialization procedures for re-setting due to an error during operation, etc.,
and the procedures for restarting in a different mode after re-setting, are shown below.

The MTU has six operating modes, as stated above. There are thus 36 mode transition
combinations, but some transitions are not available with certain channel and mode combinations.
Possible mode transition combinations are shown in table 10.43.

Table 10.43 Mode Transition Combinations

After
Before Normal PWM1 PWM2 PCM CPWM RPWM
Normal 1) (2 3 4) (5) (6)
PWM1 @ (8) 9) (20) (11) (12)
PWM2 (13) (14) (15) (16) None None
PCM a7 (18) (29) (20) None None
CPWM (22) (22) None None (23) (24) (25)
RPWM (26) (27) None None (28) (29)

Legend:

Normal: Normal mode

PWM1: PWM mode 1

PWM2: PWM mode 2

PCM: Phase counting modes 1-4
CPWM: Complementary PWM mode
RPWM: Reset-synchronous PWM mode

The above abbreviations are used in some places in following descriptions.
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10.8.4 Overview of Initialization Procedures and Mode Transitionsin Case of Error
during Operation, Etc.

* When making atransition to a mode (Normal, PWM 1, PWM2, PCM) in which the pin output
level is selected by the timer 1/0O control register (TIOR) setting, initialize the pins by means of
aTIOR setting.

* In PWM mode 1, since awaveform is not output to the TIOC*B (TIOC *D) pin, setting TIOR
will not initialize the pins. If initialization is required, carry it out in normal mode, then switch
to PWM mode 1.

* In PWM mode 2, since awaveform is not output to the cycle register pin, setting TIOR will
not initialize the pins. If initialization is required, carry it out in normal mode, then switch to
PWM mode 2.

e Innorma mode or PWM mode 2, if TGRC and TGRD operate as buffer registers, setting
TIOR will not initialize the buffer register pins. If initialization is required, clear buffer mode,
carry out initialization, then set buffer mode again.

¢ InPWM mode 1, if either TGRC or TGRD operates as a buffer register, setting TIOR will not
initialize the TGRC pin. To initialize the TGRC pin, clear buffer mode, carry out initialization,
then set buffer mode again.

¢ When making atransition to a mode (CPWM, RPWM) in which the pin output level is
selected by the timer output control register (TOCR) setting, switch to normal mode and
perform initialization with TIOR, then restore TIOR to itsinitial value, and temporarily disable
channel 3 and 4 output with the timer output master enable register (TOER). Then operate the
unit in accordance with the mode setting procedure (TOCR setting, TMDR setting, TOER
Setting).

Pin initialization procedures are described below for the numbered combinations in table 10.43.
The active level is assumed to be [ow.

Note: Channel number is substituted for * indicated in this article.
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(1) Operation when Error Occursduring Normal Mode Operation, and Operation is
Restarted in Normal Mode: Figure 10.85 shows an explanatory diagram of the case where an
error occurs in normal mode and operation is restarted in normal mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(normal) (1) (init (MTU) (1) occurs (PORT) (0) (normal) (1init (MTU) (1)

MTU module 0 out) 0 out)

S O S Y O o

Port output

Pen— ¢ mWohz [ v 1 - [

PEn— | wWghz [ [ T v [
n=0to 15

Figure10.85 Error Occurrencein Normal Mode, Recovery in Normal Mode

After areset, MTU output islow and ports are in the high-impedance state.
After areset, the TMDR setting is for normal mode.
For channels 3 and 4, enable output with TOER before initializing the pinswith TIOR.

Initialize the pinswith TIOR. (The example shows initial high output, with low output on
compare-match occurrence.)

5. Set MTU output with the PFC.

6. Thecount operation is started by TSTR.

7. Output goes low on compare-match occurrence.
8

9

A 0w DN

An error occurs.
. Set port output with the PFC and output the inverse of the active level.
10. The count operation is stopped by TSTR.
11. Not necessary when restarting in normal mode.
12. Initialize the pinswith TIOR.
13. Set MTU output with the PFC.
14. Operation isrestarted by TSTR.
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(2) Operation when Error Occursduring Normal Mode Operation, and Operation is
Restarted in PWM Mode 1: Figure 10.86 shows an explanatory diagram of the case where an
error occurs in normal mode and operation is restarted in PWM mode 1 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(normal) (1) (LTinit (MTU) (1) occurs (PORT) (0) (PWM1) (1init (MTU) (1)
MTU module 0 out) 0 out)
output
TIOC*A —j
TIOC*B —

Portoutput 3 3 3 : 3 3 3 : 3 3 3 3 3
PEn—( . Highz [ [ R
pen | mohz o | i [ [ ]

n=0to 15

Figure10.86 Error Occurrencein Normal Mode, Recovery in PWM Mode 1
1to 10 arethe same asin Figure 10.85.

11. Set PWM mode 1.

12. Initiaize the pinswith TIOR. (In PWM mode 1, the TIOC*B sideis not initialized. If
initialization is required, initialize in normal mode, then switch to PWM mode 1.)

13. Set MTU output with the PFC.
14. Operation isrestarted by TSTR.
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(3) Operation when Error Occursduring Normal Mode Operation, and Operation is
Restarted in PWM Mode 2: Figure 10.87 shows an explanatory diagram of the case where an
error occurs in normal mode and operation is restarted in PWM mode 2 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(normal) (1) (init (MTU) (1) occurs (PORT) (0) (PWM2) (linit (MTU) (1)

0 out) 0 out)

S S SN A SN S SO SO SN T SO TR SO

« Not initialized (cycle register)

Port output

pen— ez [ 1 L]

PEn— | wWghz [ [ T v [
n=0to 15

Figure 10.87 Error Occurrencein Normal Mode, Recovery in PWM Mode 2
1to 10 arethe same asin Figure 10.85.

11. Set PWM mode 2.

12. Initialize the pinswith TIOR. (In PWM mode 2, the cycle register pins are not initialized. If
initialization is required, initialize in normal mode, then switch to PWM mode 2.)

13. Set MTU output with the PFC.
14. Operation isrestarted by TSTR.

Note: PWM mode 2 can only be set for channels 0-2, and therefore TOER setting is not
necessary.
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(4) Operation when Error Occursduring Normal Mode Operation, and Operation is
Restarted in Phase Counting Mode: Figure 10.88 shows an explanatory diagram of the case
where an error occurs in normal mode and operation is restarted in phase counting mode after re-
setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(normal) (1) (init (MTU) (1) occurs (PORT) (0) (PCM) (linit (MTU) (1)

0 out) 0 out)

AT N S A A O TG S o S

Port output

Pen— - mWohz [ v 1 [

PEn— | wWghz [ [ T v [
n=0to 15

Figure10.88 Error Occurrencein Normal Mode, Recovery in Phase Counting Mode
1to 10 arethe same asin Figure 10.85.

11. Set phase counting mode.

12. Initiaize the pinswith TIOR.
13. Set MTU output with the PFC.
14. Operation isrestarted by TSTR.

Note:  Phase counting mode can only be set for channels 1 and 2, and therefore TOER setting is
not necessary.
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(5) Operation when Error Occursduring Normal Mode Operation, and Operation is
Restarted in Complementary PWM Mode: Figure 10.89 shows an explanatory diagram of the
case where an error occursin normal mode and operation is restarted in complementary PWM
mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16) (17) (@18)
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TIOR TIOR TOER TOCR TMDR TOER PFC TSTR
(normal) (1)  (Linit (MTU) (1) occurs (PORT)  (0)  (O'init (disabled) (0) (CPWM) (1) (MTU) (1)
0 out 0 out
MTU module ou ouy
output

TIOC3A —

TIOC3B —

TIOC3D —

Port output

pee—] | Hghz 1 | 1 | R O O OO N SO OO SO A r

PE9 —] | High-z : | L I I L A
PEM— | wWghz [ T v [

Figure10.89 Error Occurrencein Normal Mode, Recovery in Complementary PWM Mode
1to 10 arethe same asin Figure 10.85.

11. Initialize the norma mode waveform generation section with TIOR.
12. Disable operation of the normal mode waveform generation section with TIOR.
13. Disable channel 3 and 4 output with TOER.

14. Select the complementary PWM output level and cyclic output enabling/disabling with
TOCR.

15. Set complementary PWM.

16. Enable channel 3 and 4 output with TOER.
17. Set MTU output with the PFC.

18. Operation isrestarted by TSTR.
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Section 10 Multi-Function Timer Pulse Unit (MTU)

(6) Operation when Error Occursduring Normal Mode Operation, and Operation is
Restarted in Reset-Synchronous PWM Mode: Figure 10.90 shows an explanatory diagram of
the case where an error occurs in normal mode and operation is restarted in reset-synchronous
PWM mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TIOR TIOR TOER TOCR TMDR TOER PFC TSTR
(normal) (1)  (Linit (MTU) (1) occurs (PORT)  (0)  (0init (disabled) (0) (CPWM) (1) (MTU) (1)
MTU module 0 out) 0 ou
output
TIOC3A —
TIOC3B —
TIOC3D —
Portoutput ' '
pEs —| | High-z
PE9 —] ! High-z
PE11 —] | High-Z

Figure10.90 Error Occurrencein Normal Mode, Recovery in Reset-Synchronous
PWM Mode

1to 13 arethe same asin Figure 10.89.

14. Select the reset-synchronous PWM output level and cyclic output enabling/disabling with
TOCR.

15. Set reset-synchronous PWM.

16. Enable channel 3 and 4 output with TOER.
17. Set MTU output with the PFC.

18. Operation isrestarted by TSTR.
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Section 10 Multi-Function Timer Pulse Unit (MTU)

(7) Operation when Error Occursduring PWM Mode 1 Operation, and Operation is
Restarted in Normal Mode: Figure 10.91 shows an explanatory diagram of the case where an
error occursin PWM mode 1 and operation is restarted in normal mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(PWM1) (1) (1init (MTU) (1) occurs (PORT) (0) (normal) (1init (MTU) (1)
0 out) 0 out)
MTU module

ouput ¥ ¥ ¥ ) LI N S L2 S S 2 Py
TocsA— v v b ; ; ; ; I R

TlocB— 1 L -Notinitialized (TIOC*B): &+ 1 LN | :

porouput L 4 b i 4 bbb b b
PEn— . Highz | o | [ .
PEn—] | Highz : | T T T D

n=0to 15

Figure10.91 Error Occurrencein PWM Mode 1, Recovery in Normal Mode

After areset, MTU output islow and ports are in the high-impedance state.
Set PWM mode 1.
For channels 3 and 4, enable output with TOER before initializing the pinswith TIOR.

Initialize the pinswith TIOR. (The example shows initial high output, with low output on
compare-match occurrence. In PWM mode 1, the TIOC* B side is not initialized.)

5. Set MTU output with the PFC.

6. The count operation is started by TSTR.

7. Output goes low on compare-match occurrence.
8

9

A w0 DN

An error occurs.
. Set port output with the PFC and output the inverse of the active level.
10. The count operation is stopped by TSTR.
11. Set norma mode.
12. Initialize the pinswith TIOR.
13. Set MTU output with the PFC.
14. Operation isrestarted by TSTR.
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Section 10 Multi-Function Timer Pulse Unit (MTU)

(8) Operation when Error Occursduring PWM Mode 1 Operation, and Operation is
Restarted in PWM Mode 1: Figure 10.92 shows an explanatory diagram of the case where an
error occursin PWM mode 1 and operation is restarted in PWM mode 1 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(PWM1) (1) (linit (MTU) (1) occurs (PORT) (0) (PWM1) (linit (MTU) (1)
0 out) 0 out)

RSt T A B T LN S SR S t 4

Port output

PEn —|

ren =

n=0to 15

Figure10.92 Error Occurrencein PWM Mode 1, Recovery in PWM Mode 1
1to 10 arethe same asin Figure 10.91.

11. Not necessary when restarting in PWM mode 1.

12. Initiaize the pinswith TIOR. (In PWM mode 1, the TIOC*B sideis not initialized.)
13. Set MTU output with the PFC.

14. Operation isrestarted by TSTR.
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Section 10 Multi-Function Timer Pulse Unit (MTU)

(9) Operation when Error Occursduring PWM Mode 1 Operation, and Operation is
Restarted in PWM Mode 2: Figure 10.93 shows an explanatory diagram of the case where an
error occursin PWM mode 1 and operation is restarted in PWM mode 2 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(PWM1) (1) (Linit (MTU) (1) occurs (PORT) (0) (PWM2) (Linit (MTU) (1)
0 out] 0 out;
MTU module uo) u)
ouput_ Y Y. Y._ Y\ ¥ ¥ oy L 2NN SO 2 TN S SN 20

TIOC*A — « Not initialized (cycle register)

Potoutput | & i 4 bbb o
pen— | Hopz [ - 1 v o]
Pen—] | hHighz [ | i O U O
n=0to 15

Figure10.93 Error Occurrencein PWM Mode 1, Recovery in PWM Mode 2
1to 10 arethe same asin Figure 10.91.

11. Set PWM mode 2.

12. Initiaize the pinswith TIOR. (In PWM mode 2, the cycle register pins are not initialized.)
13. Set MTU output with the PFC.

14. Operation isrestarted by TSTR.

Note: PWM mode 2 can only be set for channels 0-2, and therefore TOER setting is not
necessary.
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Section 10 Multi-Function Timer Pulse Unit (MTU)

(10) Operation when Error Occursduring PWM Mode 1 Operation, and Operation is
Restarted in Phase Counting Mode: Figure 10.94 shows an explanatory diagram of the case
where an error occursin PWM mode 1 and operation is restarted in phase counting mode after re-
setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(PWML) (1) (Linit (MTU) (1) occurs (PORT)  (0) (PCM) (Linit (MTU) (1)
MTU module 0 out) 0 out)

output___ ¥ ¥ I S SN S S 2 .
mocA—— i | S S S
TiocB — 1 i eNotinitialized (TIOC*B) & 1 i

Potoutut . . ¢ b b
PEn — | High-z . [ .
PEnT]__ | Highz | A DS O T

n=0to 15

Figure10.94 Error Occurrencein PWM Mode 1, Recovery in Phase Counting M ode
1to 10 arethe same asin Figure 10.91.

11. Set phase counting mode.

12. Initiaize the pinswith TIOR.
13. Set MTU output with the PFC.
14. Operation isrestarted by TSTR.

Note: Phase counting mode can only be set for channels 1 and 2, and therefore TOER setting is
not necessary.
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Section 10 Multi-Function Timer Pulse Unit (MTU)

(11) Operation when Error Occursduring PWM Mode 1 Operation, and Operation is
Restarted in Complementary PWM Mode: Figure 10.95 shows an explanatory diagram of the
case where an error occursin PWM mode 1 and operation is restarted in complementary PWM
mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR TIOR TOER TOCR TMDR TOER PFC TSTR
(PWM1) (1) (1init (MTU) (1) occurs (PORT)  (0) (normal) (O init (disabled) (0) (CPWM) (1) (MTU) (1)

MT e 4 b} R I A T R

,,,,,,,,,,,,,,,

TIOC3B —j : : « Not initialized (TIOC3B) | : T ; 3 —

Port output

pES —] | High-z_.

PO — | Hghz |
PE11 —] . High-Z

Figure10.95 Error Occurrencein PWM Mode 1, Recovery in Complementary PWM Mode
1to 10 arethe same asin Figure 10.91.

11. Set normal mode for initialization of the norma mode waveform generation section.
12. Initialize the PWM mode 1 waveform generation section with TIOR.

13. Disable operation of the PWM mode 1 waveform generation section with TIOR.

14. Disable channel 3 and 4 output with TOER.

15. Select the complementary PWM output level and cyclic output enabling/disabling with
TOCR.

16. Set complementary PWM.

17. Enable channel 3 and 4 output with TOER.
18. Set MTU output with the PFC.

19. Operation isrestarted by TSTR.
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(12) Operation when Error Occursduring PWM Mode 1 Operation, and Operation is
Restarted in Reset-Synchronous PWM Mode: Figure 10.96 shows an explanatory diagram of
the case where an error occursin PWM mode 1 and operation is restarted in reset-synchronous
PWM mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR TIOR TOER TOCR TMDR TOER PFC TSTR
(PWM1) (1) (1init (MTU) (1) occurs (PORT)  (0) (normal) (O init (disabled) (0) (RPWM) (1) (MTU) (1)

0 out) 0 out)

v S N A MR N R S TR O T TR AN P AR A A IR AN
L R R R R R D A I

« Not initialized (TIOC3B)

TIOC3D —

Port output i 1
pEg —] | High-Z
PE9 —| Hiqh-z
PE11 —] . High-z

Figure10.96 Error Occurrencein PWM Mode 1, Recovery in Reset-Synchronous
PWM Mode

1to 14 arethe same asin Figure 10.95.

15. Select the reset-synchronous PWM output level and cyclic output enabling/disabling with
TOCR.

16. Set reset-synchronous PWM.

17. Enable channel 3 and 4 output with TOER.
18. Set MTU output with the PFC.

19. Operation isrestarted by TSTR.
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Section 10 Multi-Function Timer Pulse Unit (MTU)

(13) Operation when Error Occursduring PWM Mode 2 Operation, and Operation is
Restarted in Normal Mode: Figure 10.97 shows an explanatory diagram of the case where an
error occurs in PWM mode 2 and operation is restarted in normal mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(PWM2) (1init (MTU) (1) occurs (PORT) (0) (normal) (Linit (MTU) (1)
0 out) 0 out)
MTU module
owput ¥ ¥ ¥ X ¥ ¥ d ¥y Py

TIOC*A —j i « Not initialized (cycle register)

Port output

pen—{  Hohz [ v o ]

Figure 10.97 Error Occurrencein PWM Mode 2, Recovery in Normal Mode

1. After areset, MTU output islow and ports are in the high-impedance state.
Set PWM mode 2.

Initialize the pins with TIOR. (The example showsiinitial high output, with low output on
compare-match occurrence. In PWM mode 2, the cycle register pins are not initialized. In the
example, TIOC * A isthe cycle register.)

4. Set MTU output with the PFC.

5. The count operation is started by TSTR.

6. Output goes low on compare-match occurrence.
7

8

9

w N

An error occurs.
Set port output with the PFC and output the inverse of the active level.
. The count operation is stopped by TSTR.
10. Set normal mode.
11. Initiaizethe pinswith TIOR.
12. Set MTU output with the PFC.
13. Operation isrestarted by TSTR.
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Section 10 Multi-Function Timer Pulse Unit (MTU)

(14) Operation when Error Occursduring PWM Mode 2 Operation, and Operation is
Restarted in PWM Mode 1: Figure 10.98 shows an explanatory diagram of the case where an
error occursin PWM mode 2 and operation is restarted in PWM mode 1 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Eror PFC TSTR TMDR TIOR PFC TSTR
(PWM2) (1init (MTU) (1) occurs (PORT) (0) (PWM1) (Linit (MTU) (1)
MTU module 0oup 0oup
ouput ¥ ¥ ¥ XY ¥ XYY Py

TIOC*A —j | * Not initialized (cycle register)

TIOC*B — « Not initialized (TIOC*B)
Port output
PEn —] High-Z: l i i i .
Pen — _ Highzt [ T ] I S T T I
n=0 to 15

Figure10.98 Error Occurrencein PWM Mode 2, Recovery in PWM Mode 1
1to 9 arethe sameasin Figure 10.97.

10. Set PWM mode 1.

11. Initialize the pinswith TIOR. (In PWM mode 1, the TIOC*B sideis not initialized.)
12. Set MTU output with the PFC.

13. Operation isrestarted by TSTR.
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Section 10 Multi-Function Timer Pulse Unit (MTU)

(15) Operation when Error Occursduring PWM Mode 2 Operation, and Operation is
Restarted in PWM Mode 2: Figure 10.99 shows an explanatory diagram of the case where an
error occursin PWM mode 2 and operation is restarted in PWM mode 2 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(PWM2) (1init (MTU) (1) occurs (PORT) (0) (PWM2) (Linit (MTU) (1)
0 out) 0 out)
MTU module
owput ¥ ¥y XY Y Yy Y ¥

TIOC*A ﬁ | » Not initialized (cycle register) i i « Not initialized (cycle register)

Port output

PEN —] High-Z:

Figure10.99 Error Occurrencein PWM Mode 2, Recovery in PWM Mode 2
1to 9 arethe same asin Figure 10.97.

10. Not necessary when restarting in PWM mode 2.

11. Initialize the pinswith TIOR. (In PWM mode 2, the cycle register pins are not initialized.)
12. Set MTU output with the PFC.

13. Operation isrestarted by TSTR.
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Section 10 Multi-Function Timer Pulse Unit (MTU)

(16) Operation when Error Occursduring PWM Mode 2 Operation, and Operation is
Restarted in Phase Counting Mode: Figure 10.100 shows an explanatory diagram of the case
where an error occursin PWM mode 2 and operation is restarted in phase counting mode after re-
setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Eror PFC TSTR TMDR TIOR PFC TSTR
(PWM2) (1init (MTU) (1) occurs (PORT) (0) (PCM) (Linit (MTU) (1)
MTU module 0oup 0oup
ouput _ ¥ ¥ ¥ XYY ¥ Y ¥ Py

TIOC*A —j | * Not initialized (cycle register)

TIoC*B — [ s
Port output 1
PEn —] High-Z: l i i i R
pen —  monzl [T
n=0 to 15

Figure10.100 Error Occurrencein PWM Mode 2, Recovery in Phase Counting M ode
1to 9 arethe sameasin Figure 10.97.

10. Set phase counting mode.

11. Initiaizethe pinswith TIOR.
12. Set MTU output with the PFC.
13. Operation isrestarted by TSTR.

Rev. 4.00 Dec 05, 2005 page 279 of 564
REJ09B0270-0400
RENESAS




Section 10 Multi-Function Timer Pulse Unit (MTU)

(17) Operation when Error Occursduring Phase Counting Mode Oper ation, and Oper ation
isRestarted in Normal Mode: Figure 10.101 shows an explanatory diagram of the case where an
error occurs in phase counting mode and operation is restarted in normal mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(PCM) (1init (MTU) (1) occurs (PORT) (0) (normal) (Linit (MTU) (1)
0 out) 0 out)

B T i e L S s

Figure10.101 Error Occurrencein Phase Counting Mode, Recovery in Normal Mode

1. After areset, MTU output islow and ports are in the high-impedance state.
2. Set phase counting mode.

Initialize the pins with TIOR. (The example showsiinitial high output, with low output on
compare-match occurrence.)

4. Set MTU output with the PFC.

5. The count operation is started by TSTR.

6. Output goes low on compare-match occurrence.

7.  Anerror occurs.

8. Set port output with the PFC and output the inverse of the active level.
9. The count operation is stopped by TSTR.

10. Setin norma mode.

11. Initiaize the pinswith TIOR.

12. Set MTU output with the PFC.

13. Operation isrestarted by TSTR.

Rev. 4.00 Dec 05, 2005 page 280 of 564
REJ09B0270-0400
RENESAS



Section 10 Multi-Function Timer Pulse Unit (MTU)

(18) Operation when Error Occursduring Phase Counting Mode Oper ation, and Oper ation
isRestarted in PWM Moade 1: Figure 10.102 shows an explanatory diagram of the case where an
error occurs in phase counting mode and operation is restarted in PWM mode 1 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Emor PFC TSTR TMDR TIOR PFC TSTR
(PCM) (Linit (MTU) (1) occurs (PORT)  (0) (PWM1) (Linit (MTU) (1)

MTU module
output

TIOC*A —

TIOC*B —

Port output

Figure10.102 Error Occurrencein Phase Counting Mode, Recovery in PWM Mode 1
1to 9 arethe same asin Figure 10.101.

10. Set PWM mode 1.

11. Initialize the pinswith TIOR. (In PWM mode 1, the TIOC *B sideis not initialized.)
12. Set MTU output with the PFC.

13. Operation isrestarted by TSTR.
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Section 10 Multi-Function Timer Pulse Unit (MTU)

(19) Operation when Error Occursduring Phase Counting Mode Oper ation, and Oper ation
isRestarted in PWM Moaode 2: Figure 10.103 shows an explanatory diagram of the case where an
error occurs in phase counting mode and operation is restarted in PWM mode 2 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(PCM) (1init (MTU) (1) occurs (PORT) (0) (PWM2) (Linit (MTU) (1)
0 out) 0 out)

B I Ly AN R SN S S SO S

« Not initialized (cycle register)

Figure10.103 Error Occurrencein Phase Counting Mode, Recovery in PWM Mode 2

1to 9 arethe same asin Figure 10.101.

10. Set PWM mode 2.

11. Initiaize the pinswith TIOR. (In PWM mode 2, the cycle register pins are not initialized.)
12. Set MTU output with the PFC.

13. Operation isrestarted by TSTR.
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Section 10 Multi-Function Timer Pulse Unit (MTU)

(20) Operation when Error Occursduring Phase Counting Mode Oper ation, and Oper ation
isRestarted in Phase Counting Mode: Figure 10.104 shows an explanatory diagram of the case

where an error occurs in phase counting mode and operation is restarted in phase counting mode
after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13

RESET TMDR TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR

(PCM) (Linit (MTU) (1) occurs (PORT) (0) (PCM) (Linit (MTU) (1)
MTU module
output

TIOC*A —]

TIOC*B —

Port output

PEn —] High-Z: l

n=0to 15

Figure 10.104 Error Occurrencein Phase Counting Mode, Recovery in Phase
Counting Mode

1to 9 arethe sameasin Figure 10.101.

10. Not necessary when restarting in phase counting mode.
11. Initialize the pinswith TIOR.

12. Set MTU output with the PFC.

13. Operation isrestarted by TSTR.
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Section 10 Multi-Function Timer Pulse Unit (MTU)

(21) Operation when Error Occursduring Complementary PWM Mode Oper ation, and
Operation isRestarted in Normal Mode: Figure 10.105 shows an explanatory diagram of the
case where an error occurs in complementary PWM mode and operation is restarted in normal
mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TOCR TMDR TOER PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(CPWM) (1) (MTU) (1) occurs (PORT)  (0) (normal) (Linit (MTU) (1)
0 out)

i B TR I T ¢¢¢¢[¢+§

********************************************************************

TIOC3D
Port output ] ]
PES %' : High-Z
PE9 %' 1 Hiéh-Z
PE11 —| Hiéh-Z

Figure10.105 Error Occurrencein Complementary PWM Mode, Recovery in
Normal Mode

1. After areset, MTU output islow and ports are in the high-impedance state.

Select the complementary PWM output level and cyclic output enabling/disabling with
TOCR.

Set complementary PWM.

Enable channel 3 and 4 output with TOER.

Set MTU output with the PFC.

The count operation is started by TSTR.

The complementary PWM waveform is output on compare-match occurrence.
An error occurs.

Set port output with the PFC and output the inverse of the active level.

10. The count operation is stopped by TSTR. (MTU output becomes the complementary PWM
output initial value.)

11. Set normal mode. (MTU output goes low.)
12. Initiaize the pinswith TIOR.

13. Set MTU output with the PFC.

14. Operation isrestarted by TSTR.

N

© © N o gk w
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Section 10 Multi-Function Timer Pulse Unit (MTU)

(22) Operation when Error Occursduring Complementary PWM Mode Oper ation, and
Operation isRestarted in PWM Mode 1: Figure 10.106 shows an explanatory diagram of the
case where an error occurs in complementary PWM mode and operation is restarted in PWM
mode 1 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TOCR TMDR TOER PFC TSTR Match Emor PFC TSTR TMDR TIOR PFC TSTR
(CPWM) (1) (MTU) (1) occurs (PORT)  (0) (PWM1) (1init (MTU) (1)

0 out)

et v= S S SR N I SRR O S T T T
NS S N —— [

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

TIOC3D
Port output ] ]
PES %' : High-Z
PE9 ;' 1 Higih—Z
PE11 —| Hiéh-z

Figure10.106 Error Occurrencein Complementary PWM Moaode, Recovery in PWM
Model

1to 10 arethe same asin Figure 10.105.

11. Set PWM mode 1. (MTU output goes low.)

12. Initialize the pinswith TIOR. (In PWM mode 1, the TIOC *B side is not initialized.)
13. Set MTU output with the PFC.

14. Operation isrestarted by TSTR.
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(23) Operation when Error Occursduring Complementary PWM Mode Operation, and
Operation is Restarted in Complementary PWM Mode: Figure 10.107 shows an explanatory
diagram of the case where an error occurs in complementary PWM mode and operation is
restarted in complementary PWM mode after re-setting (when operation is restarted using the
cycle and duty settings at the time the counter was stopped).

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TOCR TMDR TOER PFC TSTR Match Emor PFC TSTR PFC TSTR Match
(CPWM) (1) (MTU) (1) occurs (PORT)  (0) (MTU) (1)

R S N T T T I TR T I I
1 AR S N N S S

TIOC3D
Port output '
PES —1 | High-z
PE9 —| High-Z
PE11 —] | High-z

Figure 10.107 Error Occurrencein Complementary PWM Mode, Recovery in
Complementary PWM Mode

1to 10 arethe same asin Figure 10.105.

11. Set MTU output with the PFC.
12. Operation isrestarted by TSTR.
13. The complementary PWM waveform is output on compare-match occurrence.
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Section 10 Multi-Function Timer Pulse Unit (MTU)

(24) Operation when Error Occursduring Complementary PWM Mode Oper ation, and
Operation is Restarted in Complementary PWM Mode: Figure 10.108 shows an explanatory
diagram of the case where an error occurs in complementary PWM mode and operation is
restarted in complementary PWM mode after re-setting (when operation is restarted using
completely new cycle and duty settings).

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
RESET TOCR TMDR TOER PFC TSTR Match Eror PFC TSTR TMDR TOER TOCR TMDR TOER PFC TSTR
(CPWM) (1) (MTU) (1) occurs (PORT) (0) (normal) (0) (CPWM) (1) (MTU) (1)
MTU module
outputﬁj 777777 J( 77777 7» 777777777777777
TIOC3A —1 : : 1
TIOC3B — o T
Tiocsb — VT
Portoutput 1 : : :
PES ] . High-Z |
PEO—] | Highz |
PE11 —] ' High-z__

Figure 10.108 Error Occurrencein Complementary PWM Mode, Recovery in
Complementary PWM Mode

1to 10 arethe same asin Figure 10.105.

11. Set norma mode and make new settings. (MTU output goes low.)
12. Disable channel 3 and 4 output with TOER.

13. Select the complementary PWM mode output level and cyclic output enabling/disabling with
TOCR.

14. Set complementary PWM.

15. Enable channel 3 and 4 output with TOER.
16. Set MTU output with the PFC.

17. Operation isrestarted by TSTR.
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(25) Operation when Error Occursduring Complementary PWM Mode Oper ation, and
Operation is Restarted in Reset-Synchronous PWM Mode: Figure 10.109 shows an
explanatory diagram of the case where an error occurs in complementary PWM mode and
operation isrestarted in reset-synchronous PWM mode.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
RESET TOCR TMDR TOER PFC TSTR Match Error PFC TSTR TMDR TOER TOCR TMDR TOER PFC TSTR
(CPWM) (1) (MTU) (D) occurs (PORT) (0) (normal) (0) (RPWM) (1) (MTU) (1)

MTU modul
ot ¥ 44§

TIOC3A — ‘ ‘ ‘
TIOC3B —| """
TIocap — 3 3 ‘

Port output : :

PES — ! High-Z
PE9 —| HiQh-z
PE11 —| Hiéh-z

Figure10.109 Error Occurrencein Complementary PWM Mode,
Recovery in Reset-Synchronous PWM Mode

1to 10 arethe same asin Figure 10.105.

11. Set normal mode. (MTU output goes low.)
12. Disable channel 3 and 4 output with TOER.

13. Select the reset-synchronous PWM mode output level and cyclic output enabling/disabling
with TOCR.

14. Set reset-synchronous PWM.

15. Enable channel 3 and 4 output with TOER.
16. Set MTU output with the PFC.

17. Operation isrestarted by TSTR.
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Section 10 Multi-Function Timer Pulse Unit (MTU)

(26) Operation when Error Occurs during Reset-Synchronous PWM M ode Operation, and
Operation is Restarted in Normal Mode: Figure 10.110 shows an explanatory diagram of the
case where an error occurs in reset-synchronous PWM mode and operation is restarted in normal
mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TOCR TMDR TOER PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(CPWM) (1) (MTU) (1) occurs (PORT)  (0) (normal) (Linit (MTU) (1)
0 out)

=+ S S TR SR R R S S B by
L

mocsm— T T
mocsp— U T L
Portoutput | ] ] ] ] ] L ] ] ] ] ] ]
PES —] . High-z | [ ... L. O O T T
po— Wghz | [
pen = THehz |

Figure10.110 Error Occurrencein Reset-Synchronous PWM M ode,
Recovery in Normal Mode

1. After areset, MTU output islow and ports are in the high-impedance state.

Select the reset-synchronous PWM output level and cyclic output enabling/disabling with
TOCR.

Set reset-synchronous PWM.

Enable channel 3 and 4 output with TOER.

Set MTU output with the PFC.

The count operation is started by TSTR.

The reset-synchronous PWM waveform is output on compare-match occurrence.
An error occurs.

Set port output with the PFC and output the inverse of the active level.

10. The count operation is stopped by TSTR. (MTU output becomes the reset-synchronous PWM
output initial value.)

11. Set normal mode. (MTU positive phase output is low, and negative phase output is high.)
12. Initiaize the pinswith TIOR.

13. Set MTU output with the PFC.

14. Operation isrestarted by TSTR.

N

© © N o gk w
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Section 10 Multi-Function Timer Pulse Unit (MTU)

(27) Operation when Error Occurs during Reset-Synchronous PWM M ode Operation, and
Operation isRestarted in PWM Mode 1: Figure 10.111 shows an explanatory diagram of the
case where an error occurs in reset-synchronous PWM mode and operation is restarted in PWM
mode 1 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TOCR TMDR TOER PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(RPWM) (1) (MTU) (1) occurs (PORT)  (0) (PWM1) (Linit (MTU) (1)
0 out)
MTU module
ouput _ ¥ ¥ ¥ ¥ ¥ 4 Vv v N v
mocsA— |+ o o I T . e
Tiocas — VT ; ; Ty T |7 < Notinitiaized (TIOC3B)
mocsp — L A T T | -Netmiaized (oc3D)
Portoutput | ' ' ' ' ' L : :
PES —] i __Highz ! | N e
peo— o mghz | |1 [ e
PE11 —] . Highz . | N S A e

Figure10.111 Error Occurrencein Reset-Synchronous PWM M ode,
Recovery in PWM Mode 1

1to 10 arethe same asin Figure 10.110.

11. Set PWM mode 1. (MTU positive phase output is low, and negative phase output is high.)
12. Initialize the pinswith TIOR. (In PWM mode 1, the TIOC *B side is not initialized.)

13. Set MTU output with the PFC.

14. Operation isrestarted by TSTR.
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Section 10 Multi-Function Timer Pulse Unit (MTU)

(28) Operation when Error Occurs during Reset-Synchronous PWM M ode Operation, and
Operation is Restarted in Complementary PWM Mode: Figure 10.112 shows an explanatory
diagram of the case where an error occurs in reset-synchronous PWM mode and operation is
restarted in complementary PWM mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
RESET TOCR TMDR TOER PFC TSTR Match Ermor PFC TSTR TOER TOCR TMDR TOER PFC TSTR
(RPWM) (1) (MTU) (1) occurs (PORT)  (0)  (0) (CPWM) (1) (MTU) (1)

MTU modul
Towput ¥

,,,,,,,,,,,,,,,,

777777777777777777777777

TIOC3B —

TIOC3D —j
Port output ' '
PES —1 | High-Z
PE9 —| Hig}h-z
PE11 —| Hig;h-Z

Figure10.112 Error Occurrencein Reset-Synchronous PWM M ode,
Recovery in Complementary PWM Mode

1to 10 arethe same asin Figure 10.110.

11. Disable channel 3 and 4 output with TOER.

12. Select the complementary PWM output level and cyclic output enabling/disabling with
TOCR.

13. Set complementary PWM. (The MTU cyclic output pin goes low.)
14. Enable channel 3 and 4 output with TOER.

15. Set MTU output with the PFC.

16. Operation isrestarted by TSTR.
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Section 10 Multi-Function Timer Pulse Unit (MTU)

(29) Operation when Error Occurs during Reset-Synchronous PWM M ode Operation, and
Operation is Restarted in Reset-Synchronous PWM Mode: Figure 10.113 shows an
explanatory diagram of the case where an error occurs in reset-synchronous PWM mode and
operation isrestarted in reset-synchronous PWM mode after re-setting.

1 2 3 4 5

6 7 8 9 10 11 12 13

RESET TOCR TMDR TOER PFC TSTR Match Eror PFC TSTR PFC TSTR Match
@) occurs (PORT)  (0)  (MTU) (1)

(RPWM) (1) (MTU)

S I I

LN SR SR S S B
S I U SO N

Portoutput '

PES — . High-Z

PE9 —| i High-Z
PE11 —] ' High-Z

Figure10.113 Error Occurrencein Reset-Synchronous PWM M ode,
Recovery in Reset-Synchronous PWM Mode

1to 10 arethe same asin Figure 10.110.

11. Set MTU output with the PFC.
12. Operation isrestarted by TSTR.

13. The reset-synchronous PWM waveform is output on compare-match occurrence.
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Section 10 Multi-Function Timer Pulse Unit (MTU)

10.9  Port Output Enable (POE)

The port output enable (POE) can be used to establish a high-impedance state for high-current
pins, by changing the POEO—POES3 pin input, depending on the output status of the high-current
pins (PE9/TIOC3B, PE11/TIOC3D, PE12/TIOC4A, PE13/TIOCAB/MRES, PE14/TIOCAC,
PE15/TIOCAD/IRQOUT). It can also simultaneously generate interrupt requests.

The high-current pins also become high-impedance regardless of whether these pin functions are
selected in cases such as when the oscillator stops or in standby mode.

10.9.1 Features

« Each of the POEO—POE3 input pins can be set for falling edge, P@/8 x 16, P@/16 x 16, or
P@/128 x 16 low-level sampling.

« High-current pins can be set to high-impedance state by POEO-POE3 pin falling-edge or low-
level sampling.

e High-current pins can be set to high-impedance state when the high-current pin output levels
are compared and simultaneous low-level output continues for one cycle or more.

Interrupts can be generated by input-level sampling or output-level comparison results.
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Section 10 Multi-Function Timer Pulse Unit (MTU)

The POE has input-level detection circuitry and output-level detection circuitry, as shown in the
block diagram of Figure 10.114.

TIOC3B
TIOC3D
TIOC4A
TIOC4C
TIOC4B
TIOC4D

POE3
POE2
POET
POEO

Legend:

Output level
detection circuit

Output level
detection circuit

Output level
detection circuit

OCSR

—

ICSR1

— )

v

?

Input level detection circuit

Falling-edge
detection circuit

Low-level

detection circuit

@8 @16 @128

OCSR: Output level control/status register
ICSR1: Input level control/status register

High-
impedance
request control
signal

Interrupt request
(MTUPOE)

Figure 10.114 POE Block Diagram
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Section 10 Multi-Function Timer Pulse Unit (MTU)

10.9.2 Pin Configuration

Table 10.44 Pin Configuration

Name Abbreviation 1/0 Description

Port output enable input pins POE0-POE3 Input Input request signals to make high-
current pins high-impedance state

Table 10.45 shows output-level comparisons with pin combinations.

Table 10.45 Pin Combinations

Pin Combination 1/0 Description

PE9/TIOC3B and PE11/TIOC3D  Output  All high-current pins are made high-impedance
state when the pins simultaneously output low-level
for longer than 1 cycle.

PE12/TIOC4A and PE14/TIOC4C Output  All high-current pins are made high-impedance
state when the pins simultaneously output low-level
for longer than 1 cycle.

PE13/TIOC4B/MRES and Output  All high-current pins are made high-impedance
PE15/TIOC4D/IRQOUT state when the pins simultaneously output low-level
for longer than 1 cycle.

10.9.3 Register Configuration

The POE has the two registers. The input level control/status register 1 (ICSR1) controls both
POE(O-POE3 pin input signal detection and interrupts. The output level control/status register
(OCSR) controls both the enable/disable of output comparison and interrupts.

Input Level Control/Status Register 1 (ICSR1): Theinput level control/status register (ICSR1)
is a 16-bit readable/writable register that selects the POEO to POE3 pin input modes, controls the
enable/disable of interrupts, and indicates status.

Rev. 4.00 Dec 05, 2005 page 295 of 564
REJ09B0270-0400
RENESAS



Section 10 Multi-Function Timer Pulse Unit (MTU)

Bit

Bit Name

Initial
value

R/W

Description

15

POES3F

0

RI(W)*

POE3 Flag

This flag indicates that a high impedance request has
been input to the POE3 pin

Clear condition:
* By writing O to POE3F after reading a POE3F = 1
Set condition:

* When the input set by ICSRL1 bits 7 and 6 occurs at
the POE3 pin

14

POE2F

0

RI(W)*

POE2 Flag

This flag indicates that a high impedance request has
been input to the POE2 pin

Clear condition:
* By writing O to POE2F after reading a POE2F = 1
Set condition:

*  When the input set by ICSR1 bits 5 and 4 occurs at
the POE2 pin

13

POE1F

0

RI(W)*

POE1 Flag

This flag indicates that a high impedance request has
been input to the POE1 pin

Clear condition:
* By writing O to POE1F after reading a POE1F = 1
Set condition:

*  When the input set by ICSR1 bits 3 and 2 occurs at
the POE1 pin

12

POEOF

0

RI(W)*

POEO Flag

This flag indicates that a high impedance request has
been input to the POEO pin

Clear condition:
e By writing 0 to POEOF after reading a POEOF = 1
Set condition:

*  When the input set by ICSR1 bits 1 and 0 occurs at
the POEO pin
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Section 10 Multi-Function Timer Pulse Unit (MTU)

Bit

Initial
Bit Name value

R/W

Description

11to

O AllO

Reserved

These bits are always read as 0. These bits should
always be written with 0

PIE 0

R/W

Port Interrupt Enable

This bit enables/disables interrupt requests when any of
the POEOF to POESF bits of the ICSR1 are setto 1

0: Interrupt requests disabled
1: Interrupt requests enabled

POE3M1
POE3MO

R/W
R/W

POE3 mode 1, 0
These bits select the input mode of the POES pin
00: Accept request on falling edge of POE3 input

01: Accept request when POES input has been sampled
for 16 P@'8 clock pulses, and all are low level.

10: Accept request when POES input has been sampled
for 16 P@/16 clock pulses, and all are low level.

11: Accept request when POES input has been sampled
for 16 P@128 clock pulses, and all are low level.

POE2M1
POE2MO

R/W
R/W

POE2 mode 1, 0
These bits select the input mode of the POE2 pin
00: Accept request on falling edge of POE2 input

01: Accept request when POE2 input has been sampled
for 16 P@'8 clock pulses, and all are low level.

10: Accept request when POE2 input has been sampled
for 16 P@/16 clock pulses, and all are low level.

11: Accept request when POE2 input has been sampled
for 16 P@128 clock pulses, and all are low level.

POEIM1 O
POEIMO O

R/W
R/W

POE1 mode 1, 0

These bits select the input mode of the POET pin

00: Accept request on falling edge of POET input

01: Accept request when POET input has been sampled
for 16 P@8 clock pulses, and all are low level.

10: Accept request when POE1 input has been sampled
for 16 P@/16 clock pulses, and all are low level.

11: Accept request when POE1 input has been sampled
for 16 P@/128 clock pulses, and all are low level.
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Section 10 Multi-Function Timer Pulse Unit (MTU)

Initial
Bit Bit Name value R/W Description
1 POEOM1 O R/W POEO mode 1, 0
0 POEOMO 0 R/W These bits select the input mode of the POEQ pin
00: Accept request on falling edge of POEO input
01: Accept request when POEDO input has been sampled
for 16 P@'8 clock pulses, and all are low level.
10: Accept request when POEQ input has been sampled
for 16 P@16 clock pulses, and all are low level.
11: Accept request when POEO input has been sampled
for 16 P@128 clock pulses, and all are low level.
Note: The write value should always be 0.

Output Level Control/Status Register (OCSR): The output level control/status register (OCSR)
is a 16-hit readable/writable register that controls the enable/disable of both output level
comparison and interrupts, and indicates status. |f the OSF bit is set to 1, the high current pins
become high impedance.

Initial
Bit Bit Name value R/W Description
15 OSF 0 R/(W)*  Output Short Flag
This flag indicates that any one pair of the three pairs of 2
phase outputs compared have simultaneously become
low level outputs.
Clear condition:
e By writing 0 to OSF after reading an OSF = 1
Set condition:
* When any one pair of the three 2-phase outputs
simultaneously become low level
14t0 O AllO R Reserved
10

These bits are always read as 0. These bits should
always be written with O
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Section 10 Multi-Function Timer Pulse Unit (MTU)

Initial
Bit Bit Name value R/W Description
9 OCE 0 R/W Output Level Compare Enable

This bit enables the start of output level comparisons.
When setting this bit to 1, pay attention to the output pin
combinations shown in table 10.43, Mode Transition
Combinations. When 0 is output, the OSF bit is set to 1
at the same time when this bit is set, and output goes to
high impedance. Accordingly, bits 15 to 11 and bit 9 of
the port E data register (PEDR) are setto 1. For the
MTU output comparison, set the bit to 1 after setting the
MTU's output pins with the PFC. Set this bit only when
using pins as outputs.

When the OCE bhit is set to 1, if OIE = 0 a high-
impedance request will not be issued even if OSF is set
to 1. Therefore, in order to have a high-impedance
request issued according to the result of the output level
comparison, the OIE bit must be setto 1. When OCE =
1 and OIE = 1, an interrupt request will be generated at
the same time as the high-impedance request: however,
this interrupt can be masked by means of an interrupt
controller (INTC) setting.

0: Output level compare disabled

1: Output level compare enabled; makes an output high
impedance request when OSF = 1.

8 OIE 0 R/W Output Short Interrupt Enable

This bit makes interrupt requests when the OSF bit of
the OCSR is set.

0: Interrupt requests disabled
1: Interrupt request enabled

7t00 O AllO R Reserved

These bits are always read as 0. These bits should
always be written with O.

Note: * The write value should always be 0.
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Section 10 Multi-Function Timer Pulse Unit (MTU)

10.94 Operation
Input Level Detection Operation

If the input conditions set by the ICSR1 occur on any of the POE pins, al high-current pins
become high-impedance state. However, only when the general input/output function or MTU
function is selected, the large-current pin isin the high-impedance state.

Falling Edge Detection: When a change from high to low level isinput to the POE pins.

Low-L evel Detection: Figure 10.115 shows the low-level detection operation. Sixteen continuous
low levels are sampled with the sampling clock established by the ICSR1. If even one high level is
detected during thisinterval, the low level is not accepted.

Furthermore, the timing when the large-current pins enter the high-impedance state from the
sampling clock is the same in both falling-edge detection and in low-level detection.

8/16/128 clock

Po _FLFLFLFLFLFLI‘*I_FLHILFLFLI‘ULFLFLFLFLI‘U'IILFU'LFLFLFU'I

Sampling :
CIOCk I_I l)l) I_I {,{I I_I I I_I :
POE input \ l a l 7}

PEY/ T ] ]
TIOC3B

High-impedance
istate*

—
When low level is 'Flag set
sampled at all points @ @ @ """""""""""""""" 1 (POE received)

When high level is
g @© @

sampled at leastonce & ¢ e @  Flag not set

Note: * Other large-current pins (PE11/TIOC3D, PE12/TIOC4A, PE13/TIOC4B/MRES, PE14/TIOCAC,
PE15/TIOC4D/IRQOUT) also go to the high-impedance state at the same timing.

Figure10.115 Low-Level Detection Operation
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Section 10 Multi-Function Timer Pulse Unit (MTU)

Output-Level Compare Operation

Figure 10.116 shows an example of the output-level compare operation for the combination of
PE9/TIOC3B and PE11/TIOC3D. The operation is the same for the other pin combinations.

» JUUTUUUTUUUTUUTUUTUTUTTTUTL

H—b: 0 level overlapping detected

| v

| |

PE9/ | [
TIOC3B ! !—{—}’
o
PE11/ | ! :| N
TIOC3D —L

| | High impedance state

 —
|

Figure10.116 Output-Level Detection Operation
Release from High-Impedance State

High-current pins that have entered high-impedance state due to input-level detection can be
released either by returning them to their initial state with a power-on reset, or by clearing all of
the bit 1215 (POEOF—POE3F) flags of the ICSR1. High-current pins that have become high-
impedance due to output-level detection can be released either by returning them to their initial
state with a power-on reset, or by first clearing bit 9 (OCE) of the OCSR to disable output-level
compares, then clearing the bit 15 (OSF) flag. However, when returning from high-impedance
state by clearing the OSF flag, always do so only after outputting a high level from the high-
current pins (TIOC3B, TIOC3D, TIOC4A, TIOC4B, TIOCAC, and TIOC4D). High-level outputs
can be achieved by setting the MTU internal registers.
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Section 10 Multi-Function Timer Pulse Unit (MTU)

POE Timing

Figure 10.117 shows an example of timing from POE input to high impedance of pin.

S I R S B e Y

CK falling

_ )
POE input /
Falling edge detected
PE9/ \
TIOC3B / High impedance state

Note: Other large-current pins (PE11/TICO3D, PE12/TIOC4A, PE13/TIOC4B/MRES, PE14/TIOCAC,
PE15/TIOC4D/IRQOUT) also goes to the high impedance state at the same timing

Figure10.117 Falling Edge Detection Operation

1095 Usage Note

1

To set the POE pin as alevel-detective pin, ahigh level signal must be firstly input to the POE
pin.

To clear bits POEOF, POE1F, POE2F, POE3F, and OSF to O, read registers ICSR1 and OCSR.
Clear bits, which areread as 1, to 0, and write 1 to the other bitsin the registers.
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Section 11 Watchdog Timer

Section 11 Watchdog Timer

The watchdog timer (WDT) is an 8-bit timer that can reset thisL S| internaly if the counter
overflows without rewriting the counter value due to a system crash or the like.

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 11.1.

11.1 Features

» Switchable between watchdog timer mode and interval timer mode

In watchdog timer mode

e Output WDTOVF signal

If the counter overflows, it is possible to select whether thisLSI isinternally reset or not. A
power-on reset or manual reset can be selected as an in internal reset.

In interval timer mode

 If the counter overflows, the WDT generates an interval timer interrupt (1T1).
» Clears software standby mode
»  Selectable from eight counter input clocks.
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E Overflow l«—— @2 ;
ITI (interrupt «—i— |2;enftfrtcl’rlﬁ P «—— @64 :
request signal) | - «—— @128
Clock [«——@/256 '
! Clock select fe—@512 ,
; v /1024 :
. l«—— /4096
WDTOVF 7| Reset l«—— /8192 i
Internal reset 4—5— control Internal clock .
signal* ' Y ‘ sources :
E R E ]
] : o
| [ RsTCSR |<—| [ ToNT e TSCR | =
E Lle
1 Bus L|E
E Module bus interface !
e WDT - - < e :
Legend:
TCSR: Timer control/status register
TCNT: Timer counter
RSTCSR: Reset control/status register
Note: * The internal reset signal can be generated by making a register setting.
Power-on reset or manual reset can be selected.
Figure11.1 Block Diagram of WDT
11.2  Input/Output Pin
Table 11.1 shows the pin configuration.
Table11.1 Pin Configuration
Pin Abbreviation I/0 Function
Watchdog timer overflow ~ WDTOVF (0] Outputs the counter overflow signal in

watchdog timer mode

Note: * WDTOVF pin should not be pulled-down. If this pin need to be pulled-down, the pull-
down resistance value must be 1 MQ or higher.
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11.3 Register Descriptions

The WDT has the following three registers. For details, refer to appendix A, Internal I/0O Register.
To prevent accidental overwriting, TCSR, TCNT, and RSTCSR have to be written to in a method
different from normal registers. For details, refer to section 11.6.1, Notes on Register Access.

» Timer control/status register (TCSR)
» Timer counter (TCNT)
» Reset control/status register (RSTCSR)

11.31 Timer Counter (TCNT)

TCNT is an 8-bit readable/writable upcounter. When the timer enable bit (TME) in the timer
control/status register (TCSR) isset to 1, TCNT starts counting pulses of an internal clock selected
by clock select bits 2 to 0 (CKS2 to CKS0) in TCSR. When the value of TCNT overflows
(changes from H'FF to H'00), a watchdog timer overflow signal (WDTOVF) or interval timer
interrupt (ITI) is generated, depending on the mode selected in the WT/IT bit of TCSR. Theinitial
value of TCNT isH'00.

11.3.2 Timer Control/Status Register (TCSR)

TCSR is an 8-hit readable/writable register. Its functions include selecting the clock source to be
input to TCNT, and the timer mode.

Initial
Bit Bit Name  Value R/W Description
7 OVF 0 R/I(W)** Overflow Flag

Indicates that TCNT has overflowed in interval timer
mode. Only a write of 0 is permitted, to clear the flag.
This flag is not set in watchdog timer mode.

[Setting condition]

* When TCNT overflows in interval timer mode.
[Clearing conditions]

» Cleared after reading OVF

* When 0 is written to the TME bit in interval timer
mode
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Initial
Bit Bit Name Value R/W

Description

6 WTAT 0 R/W

Timer Mode Select

Selects whether the WDT is used as a watchdog timer
or interval timer. When TCNT overflows, the WDT either
generates an interval timer interrupt (ITIl) or generates a
WDTOVF signal, depending on the mode selected.

0: Interval timer mode

Interval timer interrupt (ITI) request to the CPU when
TCNT overflows

1: Watchdog timer mode

WDTOVF signal output externally when TCNT
overflows™”,

5 TME 0 R/W

Timer Enable
Enables or disables the timer.
0: Timer disabled
TCNT is initialized to H'00 and count-up stops
1: Timer enabled

TCNT starts counting. A WDTOVF signal or interrupt
is generated when TCNT overflows.

4,3 O All 1 R

Reserved

This bit is always read as 1, and should only be written
with 1.
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Initial
Bit Bit Name  Value R/W Description
2 CKS2 0 R/W Clock Select2to 0
CKs1 0 R/W Select one of eight internal clock sources for input to
CKSO 0 RIW TCNT. The clock signals are obtained by dividing the

frequency of the system clock (¢). The overflow
frequency for @ = 40 MHz is enclosed in parentheses™”.

000: Clock @2 (period: 12.8 us)
001: Clock @64 (period: 409.6 ps)
010: Clock @128 (period: 0.8 ms)
011: Clock @256 (period: 1.6 ms)
100: Clock @512 (period: 3.3 ms)
101: Clock ¢/1024 (period: 6.6 ms)
110: Clock @/4096 (period: 26.2 ms)
111: Clock @/8192 (period: 52.4 ms)

Notes: 1. Only a 0 can be written after reading 1.

2. Section 11.3.3, Reset Control/Status Register (RSTCSR), describes in detail what
happens when TCNT overflows in watchdog timer mode.

3. The overflow interval listed is the time from when the TCNT begins counting at H'00
until an overflow occurs.
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11.3.3 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.

Initial
Bit Bit Name 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.

[Setting condition]
» Set when TCNT overflows in watchdog timer mode
[Clearing condition]

e Cleared by reading WOVF, 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 in watchdog timer mode.

0: Reset signal is not generated even if TCNT overflows
(Though other peripheral module registers are 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 in watchdog timer mode.

0: Power-on reset
1: Manual reset
4t00 O All 1 R Reserved

These bits are always read as 1, and should only be
written with 1.

Note: * Only 0 can be written, for flag clearing.
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114  Operation

1141 Watchdog Timer Mode

To use the WDT as awatchdog timer, set the WT/IT and TME bits of TCSR to 1. Software must
prevent TCNT overflow by rewriting the TCNT value (normally by writing H'00) before overflow
occurs. No TCNT overflows will occur while the system is operating normally, but if TCNT fails
to be rewritten and overflows occur due to a system crash or the like, aWDTOVF signal is output
externaly. The WDTOVF signal can be used to reset the system. The WDTOVF signal is output
for 128 @ clock cycles.

If the RSTE bitin RSTCSR is set to 1, asignal to reset the chip will be generated internally
simultaneous to the WDTOVF signal when TCNT overflows. Either a power-on reset or a manual
reset can be selected by the RSTS bit in RSTCSR. The internal reset signal is output for 512 ¢
clock cycles.

When aWDT overflow reset is generated simultaneously with areset input at the RES pin, the
RES reset takes priority, and the WOVF bit in RSTCSR iscleared to 0.

The following are not initialized by aWDT reset signal:

» POE (port output enable) of MTU and MMT registers
» PFC (pin function controller) registers
e |/O port registers

These registers are initialized only by an external power-on reset.
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TCNT value

Overflow

/I/I/ » Time

H'00 ’ ‘ > ‘
R ' X
WTAT =1 HO0O written WOVF=1 WT/AT=1 HOO written
TME =1 in TCNT TME=1 inTCNT
WDTOVF and internal
reset generated
WDTOVF
signal -«
128 @ clocks
Internal reset
signal* 3 R
512 @clocks

WT/IT: Timer mode select bit
TME: Timer enable bit

Note: * Internal reset signal occurs only when the RSTE bit is set to 1.

Figure11.2 Operation in Watchdog Timer Mode
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11.42 Interval Timer Mode

To use the WDT asan interval timer, clear WT/IT to 0 and set TME to 1in TCSR. An interval
timer interrupt (IT1) is generated each time the timer counter (TCNT) overflows. This function can
be used to generate interval timer interrupts at regular intervals.

TCNT value

Overflow Overflow Overflow Overflow

H'00 ! " : ; > Time
b ' ' ' '
WT/IT=0 ITI ITI ITI ITI
TME=1

ITI: Interval timer interrupt request generation

Figure11.3 Operation in Interval Timer Mode

11.4.3 Clearing Software Standby Mode

The watchdog timer has a special function to clear software standby mode with an NMI interrupt
or IRQO to IRQ3 interrupts. When using software standby mode, set the WDT as described below.

Before Transition to Software Standby Mode: The TME bit in TCSR must be cleared to 0 to
stop the watchdog timer counter before entering software standby mode. The chip cannot enter
software standby mode while the TME bit is set to 1. Set bits CKS2 to CKS0 in TCSR so that the
counter overflow interval is equal to or longer than the oscillation settling time. See section 22.3,
AC Characteristics.

Recovery from Softwar e Standby Mode: When an NMI signal or IRQO to IRQ3 signals are
received in software standby mode, the clock oscillator starts running and TCNT starts
incrementing at the rate selected by bits CKS2 to CK S0 before software standby mode was
entered. When TCNT overflows (changes from H'FF to H'00), the clock is presumed to be stable
and usable; clock signals are supplied to the entire chip and software standby mode ends.

For details on software standby mode, see section 21, Power-Down Modes.
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11.4.4  Timing of Setting the Overflow Flag (OVF)

Ininterval timer mode, when TCNT overflows, the OVF bit of TCSR is set to 1 and an interval
timer interrupt (ITI) is simultaneously requested. Figure 11.4 shows thistiming.

0 T L L riri

TCNT \\| HFF X H00

Overflow signal

(internal signal) —

\

_S%

OVF

Figure11.4 Timing of Setting OVF

1145 Timing of Setting the Watchdog Timer Overflow Flag (WOVF)

When TCNT overflows in watchdog timer mode, the WOVF bit of RSTCSRissetto 1 and a
WDTOVF signal is output. When the RSTE bit in RSTCSR is set to 1, TCNT overflow enables an
internal reset signal to be generated for the entire chip. Figure 11.5 shows this timing.

o L LML rLr L

TCNT \\| HFF X H00 \{
Overflow signal
(internal signal) — (S

)
WOVF e |
_S

Figure11.5 Timing of Setting WOVF

Rev. 4.00 Dec 05, 2005 page 312 of 564
REJ09B0270-0400

RENESAS



Section 11 Watchdog Timer

11.5  Interrupts

During interval timer mode operation, an overflow generates an interval timer interrupt (ITI). The
interval timer interrupt is requested whenever the OVF flag isset to 1 in TCSR. OVF must be
cleared to 0 in the interrupt handling routine.

Table11.2 WDT Interrupt Source (in Interval Timer Mode)

Name Interrupt Source Interrupt Flag DTC Activation
ITI TCNT overflow OVF Impossible

11.6  Usage Notes

11.6.1 Noteson Register Access

The watchdog timer’'s TCNT, TCSR, and RSTCSR registers differ from other registersin being
more difficult to writeto. The procedures for writing to and reading these registers are given
below.

Writing to TCNT and TCSR: These registers must be written by aword transfer instruction.
They cannot be written by byte transfer instructions.

TCNT and TCSR both have the same write address. The write data must be contained in the lower
byte of the written word. The upper byte must be H'5A (for TCNT) or H'A5 (for TCSR) (figure
11.6). Thistransfers the write data from the lower byteto TCNT or TCSR.

e Writing to TCNT

15 8 7 0
Address: H'FFFF8610 H'5A Write data
* Writing to TCSR
15 8 7 0
Address: HFFFF8610 | H'AS | Write data

Figure11.6 Writingto TCNT and TCSR
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Writing to RSTCSR: RSTCSR must be written by aword access to address H'FFFF8612. It
cannot be written by byte transfer instructions.

Procedures for writing 0 to WOVF (bit 7) and for writing to RSTE (bit 6) and RSTS (bit 5) are
different, as shown in figure 11.7.

To write 0 to the WOVF hit, the write data must be H'A5 in the upper byte and H'00 in the lower
byte. This clearsthe WOVF hit to 0. The RSTE and RSTS bits are not affected. To write to the
RSTE and RSTS hits, the upper byte must be H'5A and the lower byte must be the write data. The
values of bits 6 and 5 of the lower byte are transferred to the RSTE and RSTS bits, respectively.
The WOVF hit is not affected.

* Writing O to the WOVF bit

15 8 7 0
Address: H'FFFF8612 H'AS H00

» Writing to the RSTE and RSTS bits
15 8 7 0
Address: HFFFF8612 | H'5A | Write data |

Figure11.7 Writingto RSTCSR

Reading from TCNT, TCSR, and RSTCSR: TCNT, TCSR, and RSTCSR are read like other
registers. Use byte transfer instructions. The read addresses are H'FFFF8610 for TCSR,
H'FFFF8611 for TCNT, and H'FFFF8613 for RSTCSR.
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11.6.2 TCNT Writeand Increment Contention

If atimer counter increment clock pulse is generated during the T3 state of awrite cycleto TCNT,
the write takes priority and the timer counter is not incremented. Figure 11.8 shows this operation.

TCNT write cycle

Address X TCNT address X

signal

TCNT input
clock

Internal write | |

TCNT N X v M
[

Counter write data

Figure11.8 Contention between TCNT Write and Increment

11.6.3 Changing CKS2to CK SO Bit Values

If the values of bits CKS2 to CKS0 in the timer control/status register (TCSR) are rewritten while
the WDT is running, the count may not increment correctly. Always stop the watchdog timer (by
clearing the TME bit to Q) before rewriting the values of bits CKS2 to CK'S0.

11.64 Changing between Watchdog Timer/Interval Timer Modes

To prevent incorrect operation, always stop the watchdog timer (by clearing the TME bit to 0)
before switching between interval timer mode and watchdog timer mode.
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11.65 System Reset by WDTOVF Signal
If aWDTOVF output signal isinput to the RES pin, the chip cannot initialize correctly.

Avoid logical input of the WDTOVF signal to the RES input pin. To reset the entire system with
the WDTOVF signal, use the circuit shown in figure 11.9.

This LSI

Reset input RES

Reset signal to entire system
WDTOVF

Figure11.9 Example of System Reset Circuit Using WDTOVF Signal

11.6.6 Internal Reset in Watchdog Timer Mode

If the RSTE bit is cleared to 0 in watchdog timer mode, the chip will not be reset internally when a
TCNT overflow occurs, but TCNT and TCSR in the WDT will be reset.

11.6.7 Manual Reset in Watchdog Timer Mode

When an internal reset is effected by TCNT overflow in watchdog timer mode, the processor waits
until the end of the bus cycle at the time of manual reset generation before making the transition to
manual reset exception processing. Therefore, the bus cycle isretained in amanual reset, but if a
manual reset occurs while the busis released, manual reset exception processing will be deferred
until the CPU acquires the bus. However, if the interval from generation of the manual reset until
the end of the bus cycleis equal to or longer than the internal manual reset interval of 512 cycles,
the internal manual reset source isignored instead of being deferred, and manual reset exception
processing is not executed.

11.6.8 Handling of WDTOVF Pin

Do not pull down the WDTOVF pin. If this pin needs to be pulled down, the pull-down resistance
value must be 1 MQ or higher.
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Section 12 Serial Communication Interface (SCI)

This LSl has two independent serial communication interface (SCI) channels. The SCI can handle
both asynchronous and clocked synchronous serial communication. In asynchronous serial
communication mode, serial data communication can be carried out with standard asynchronous
communication chips such asa Universal Asynchronous Receiver/Transmitter (UART) or
Asynchronous Communication Interface Adapter (ACIA). A function is also provided for serial
communication between processors (multiprocessor communication function).

12.1 Features

» Choice of asynchronous or clocked synchronous serial communication mode
* Full-duplex communication capability

The transmitter and receiver are mutually independent, enabling transmission and reception to
be executed simultaneoudly.

Double-buffering is used in both the transmitter and the receiver, enabling continuous
transmission and continuous reception of serial data.

» On-chip baud rate generator alows any bit rate to be selected

External clock can be selected as atransfer clock source.
» Choice of LSB-first or MSB-first transfer (except in the case of asynchronous mode 7-bit data)
« Four interrupt sources

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 interrupts can activate the data transfer
controller (DTC).

¢ Module standby mode can be set
Asynchronous mode

« Datalength: 7 or 8 bits

e Stop bit length: 1 or 2 bits

e Parity: Even, odd, or none

e Multiprocessor bit: 1 or 0

¢ Receive error detection: Parity, overrun, and framing errors

« Break detection: Break can be detected by reading the RxD pin level directly in case of a
framing error
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Clocked Synchronous mode

« Datalength: 8 bits
* Receive error detection: Overrun errors detected

Note: The description in this section are based on LSB-first transfer.

Figure 12.1 shows a block diagram of the SCI.

(0]
(&}
£ Internal
Module data bus é Odata bus
(2]
=}
T U 0 0 |
[ ror | | TDR | SSR [ BRR —
{1 SCR
v \ v SR ~—Po
RxD _,ll RSR | || TSR Baud rate |«—Pq/8
\ SDCR generator P@32
Transmission/
reception —P@/128
control
TXD
Parity generation ] Clock
Parity check
SCK < External clock
» TEI
» TXI
. » RXI
L d:
egen » ERI

RSR: Receive shift register

RDR: Receive data register

TSR: Transmit shift register

TDR: Transmit data register

SMR: Serial mode register

SCR: Serial control register

SSR: Serial status register

BRR: Bit rate register

SDCR: Serial direction control register

Figure12.1 Block Diagram of SCI
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12.2  Input/Output Pins
Table 12.1 shows the serial pinsfor each SCI channel.

Table12.1 Pin Configuration

Channel Pin Name* 110 Function

2 SCK2 Ie] SCI2 clock input/output
RxD2 Input SCI2 receive data input
TxD2 Output SCI2 transmit data output

3 SCK3 I/0 SCI3 clock input/output
RxD3 Input SCI3 receive data input
TxD3 Output SCI3 transmit data output

Notes: * Pin names SCK, RxD, and TxD are used in the text for all channels, omitting the
channel designation.

12.3  Register Descriptions

The SCI has the following registers for each channel. For details on register addresses and register
states during each processing, refer to appendix A, Internal 1/0 Register.

Channel 2

e Serial Mode Register_2 (SMR_2)

» Bit Rate Register_2 (BRR_2)

e Serial Control Register 2 (SCR_2)

e Transmit Data Register_2 (TDR_2)

¢ Seria Status Register 2 (SSR_2)

* Receive Data Register_2 (RDR_2)

¢ Seria Direction Control Register_2 (SDCR_2)

Channel 3

e Seria Mode Register_3 (SMR_3)

» Bit Rate Register_3 (BRR_3)

e Seria Control Register_3 (SCR_3)
e Transmit Data Register 3 (TDR_3)
e Seria Status Register 3 (SSR_3)
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* Receive Data Register_3 (RDR_3)
» Serial Direction Control Register 3 (SDCR_3)

12.3.1 Receive Shift Register (RSR)

RSR is a shift register used to receive serial datathat isinput 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 read or written to by the CPU.

12.3.2 Receive Data Register (RDR)

RDR is an 8-bit register that stores receive data. When the SCI has received one byte of serial
data, it transfers the received seria datafrom RSR to RDR whereit is stored. After this, RSRis
receive-enabled. Since RSR and RDR function as a double buffer in this way, enables continuous
receive operations to be performed. After confirming that the RDRF bit in SSRis set to 1, read
RDR for only once. RDR cannot be written to by the CPU. The initial value of RDR is H'00.

12.3.3 Transmit Shift Register (TSR)

TSR is ashift 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.

12.34 Transmit Data Register (TDR)

TDR isan 8-bit register that stores transmit data. When the SCI detects that TSR is empty, it
transfers the transmit data written in TDR to TSR and starts transmission. The double-buffered
structures of TDR and TSR enables continuous serial transmission. If the next transmit data has
already been written to TDR during seria 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
achieve reliable serial transmission, write transmit datato TDR for only once after confirming that
the TDRE bit in SSRis set to 1. Theinitial value of TDR isH'FF.
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1235 Serial Mode Register (SMR)

SMR isused to set the SCI’s serial transfer format and select the baud rate generator clock source.

Initial

Bit Bit Name Value R/W Description

7 C/A 0 R/W 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 (bit 7) 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.

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 hits

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.

Rev. 4.00 Dec 05, 2005 page 321 of 564
REJ09B0270-0400
RENESAS



Section 12 Serial Communication Interface (SCI)

Initial
Bit Bit Name 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: P@clock (n=0)

01: P@8clock (n=1)
10: P@/32 clock (n = 2)
11: P@128 clock (n = 3)

For the relation between the bit rate register setting and
the baud rate, see section 12.3.9, Bit Rate Register
(BRR). n is the decimal display of the value of nin BRR
(see section 12.3.9, Bit Rate Register (BRR)).

1236  Serial Control Register (SCR)

SCRisaregister that performs enabling or disabling of SCI transfer operations and interrupt
requests, and selection of the transfer clock source. For details on interrupt requests, refer to

section 12.7, SCI Interrupts.

Initial
Bit Bit Name 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 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 is set to 1, transmission is enabled.
4 RE 0 R/W Receive Enable

When this bit is set to 1, reception is enabled.
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Bit

Bit Name

Initial
Value

R/W

Description

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 hit 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 section 12.5, Multiprocessor
Communication Function.

2

TEIE

0

R/W

Transmit End Interrupt Enable
This bit is set to 1, TEI interrupt request is enabled.

0

CKE1l
CKEO

0
0

R/W
R/W

Clock Enable 1 and 0
Selects the clock source and SCK pin function.
Asynchronous mode:

00: Internal clock, SCK pin used for input pin (input signal
is ignpred) or output pin (output level is undefined)

01: Internal clock, SCK pin used for clock output (The
output clock frequency is the same as the bit rate)

10: External clock, SCK pin used for clock input (The input
clock frequency is 16 times the bit rate)

11: External clock, SCK pin used for clock input (The input
clock frequency is 16 times the bit rate)

Clocked synchronous mode:

00: Internal clock, SCK pin used for synchronous clock
output

01: Internal clock, SCK pin used for synchronous clock
output

10: External clock, SCK pin used for synchronous clock
input

11: External clock, SCK pin used for synchronous clock
input
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12.3.7 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.

Initial
Bit Bit Name Value R/W Description
7 TDRE 1 R/I(W)*  Transmit Data Register Empty

Displays whether TDR contains transmit data.

[Setting conditions]

« Power-on reset or software standby mode

¢ When the TE bitin SCRis 0

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

[Clearing conditions]

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

e When the DTC is activated by a TXI interrupt request
and transferred data to TDR

6 RDRF 0 R/I(W)*  Receive Data Register Full
Indicates that the received data is stored in RDR.
[Setting condition]
« When serial reception ends normally and receive data
is transferred from RSR to RDR
[Clearing conditions]
« Power-on reset or software standby mode
e When 0 is written to RDRF after reading RDRF = 1

*« 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]

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

[Clearing conditions]

* Power-on reset or software standby mode

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

The ORER flag is not affected and retains their previous
values when the RE bit in SCR is cleared to 0.

FER

0

RI(W)*

Framing Error

[Setting condition]

« When the stop bitis 0

[Clearing conditions]

« Power-on reset or software standby mode

e When 0 is written to FER after reading FER = 1
In 2-stop-bit mode, only the first stop bit is checked.

The FER flag is not affected and retains their previous
values when the RE bit in SCR is cleared to 0.

PER

0

RI(W)*

Parity Error

[Setting condition]

e When a parity error is detected during reception
[Clearing conditions]

* Power-on reset or software standby mode

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

The PER 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

2 TEND

1

R

Transmit End

[Setting conditions]

« Power-on reset or software standby mode
*  When the TE bitin SCRis 0

¢ 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

¢« When the DTC is activated by a TXI interrupt and
writes data to TDR

1 MPB

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 sets the multiprocessor bit value to be added to the
transmit data.

Note: * Only O can be written, for flag clearing.
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12.38  Serial Direction Control Register (SDCR)

The DIR bit in the serial direction control register (SDCR) selects L SB-first or MSB-first transfer.
With an 8-bit data length, LSB-first/M SB-first selection is available regardless of the
communication mode. With a 7-bit data length, L SB-first transfer must be selected. The
description in this section assumes L SB-first transfer.

Initial
Bit Bit Name Value R/W Description
7to4 O All 1 R Reserved

The write value must always be 1. Operation cannot be
guaranteed if O is written.

3 DIR 0 R/W Data Transfer Direction

Selects the serial/parallel conversion format. Valid for an
8-bit transmit/receive format.

0: TDR contents are transmitted in LSB-first order
Receive data is stored in RDR in LSB-first

1: TDR contents are transmitted in MSB-first order
Receive data is stored in RDR in MSB-first

2 O 0 R Reserved

The write value must always be 0. Operation cannot be
guaranteed if 1 is written.

1 O 1 R Reserved
This bit is always read as 1, and cannot be modified.
0 O 0 R Reserved

The write value must always be 0. Operation cannot be
guaranteed if 1 is written.

12.39 Bit Rate Register (BRR)

BRR is an 8-hit register that adjusts the hit rate. Asthe SCI performs baud rate generator control
independently for each channel, different bit rates can be set for each channel. Table 12.2 shows
the relationships between the N setting in BRR and the effective bit rate B, for asynchronous and
clocked synchronous modes. Theinitial value of BRR is H'FF, and it can be read or written to by
the CPU at all times.
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Table12.2 Relationshipsbetween N Setting in BRR and Effective Bit Rate B,

Mode Bit Rate Error
Asynchronous mode 5
Pex 10 B
(n=0) Bo= —— Error (%) =2—2 — 15 x 100
32 x 22" x (N + 1) O, U
Asynchronous mode Po x 106 B
(n=1to3) Bz — 20 Error (%) = —2 — 17 x 100
32 x 221 x (N +1) B,
Clocked synchronous 6
Pex 1
mode (n =0) By = (p—O -
4 %220 x (N + 1)
Clocked synchronous Pgx 10°
mode (n=1to 3) By = —

4 x 221 x (N +1)

Notes: B,: Effective bit rate (bit/s) Actual transfer speed according to the register settings
B,: Logical bit rate (bit/s) Specified transfer speed of the target system
N: BRR setting for baud rate generator (0 < N < 255)
P@: Peripheral clock operating frequency (MHz)
n: Determined by the SMR settings shown in the following tables.

SMR Setting
CKS1 CKS0 n
0 0 0
0 1 1
1 0 2
1 1 3

Table 12.3 shows sample N settingsin BRR in hormal asynchronous mode. Table 12.4 shows the
maximum bit rate for each frequency in normal asynchronous mode. Table 12.6 shows sample N
settingsin BRR in clocked synchronous mode. For details, refer to section 12.4.2, Receive Data
Sampling Timing and Reception Margin in Asynchronous Mode. Tables 12.5 and 12.7 show the
maximum bit rates with external clock input.
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Table12.3 BRR Settingsfor Various Bit Rates (Asynchronous Mode) (1)

Operating Frequency P (MHz)

Logical 4 6 8 10 12

Bit Rate Error Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%) n N (%)
110 1 140 0.74 1 212 0.03 2 70 0.03 2 88 -0.25 2 106 -0.44
150 1 103 0.16 1 155 0.16 2 51 016 2 64 0.16 2 77 0.16
300 1 51 0.16 1 77 0.16 2 25 0.16 1 129 0.16 2 38 0.16
600 1 25 016 1 38 016 2 12 0.16 1 64 016 1 77 016
1200 1 12 0.16 0 155 0.16 1 25 0.16 1 32 -1.36 1 38 0.16
2400 0 51 0.16 o 77 0.16 1 12 0.16 0 129 0.16 0 155 0.16
4800 0 25 0.16 0 38 0.16 0 51 0.16 0 64 0.16 0 77 0.16
9600 0 12 0.16 0 19 -2.34 0 25 0.16 0 32 -1.36 0 38 0.16
14400 0 8 -355 0 12 0.16 0 16 212 0 21 -136 0 25 016
19200 0 6 -699 0 9 -234 0 12 0.16 0 15 1.73 0 19 -234
28800 0 3 8.51 0O 6 -6.99 0 8 -3.55 0 10 -1.36 0 12 0.16
31250 0 3 0.00 0 5 0.00 0 0.00 0 9 0.00 0 11 0.00
38400 0 2 8.51 0 4 -2.34 0 6 -6.99 o 7 1.73 0 9 —-2.34
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Table12.3 BRR Settingsfor Various Bit Rates (Asynchronous Mode) (2)

Operating Frequency P@ (MHz)
Logical 14 16 18 20 22
Bit Rate Error Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%) n N (%)
110 2 123 0.23 2 141 0.03 2 159 -0.12 2 177 -0.25 2 194 0.16
150 2 90 016 2 103 0.16 2 116 0.16 2 129 0.16 2 142 0.16
300 2 45 -0.93 2 51 0.16 2 58 -0.69 2 64 0.16 2 71 —-0.54
600 2 22 -093 1 103 0.16 1 116 0.16 1 129 0.16 1 142 0.16
1200 1 45 -0.93 1 51 0.16 1 58 -0.69 1 64 0.16 1 71 —-0.54
2400 1 22 -0.93 0 207 0.16 0 233 0.16 1 32 -1.36 1 35 —-0.54
4800 0 90 0.16 0 103 0.16 0 116 0.16 0 129 0.16 0 142 0.16
9600 0 45 -0.93 0 51 0.16 0 58 -0.69 0 64 0.16 0o 7 —-0.54
14400 0 29 127 0 34 -079 0 38 016 0 42 094 0 47 -0.54
19200 0 22 -093 0 25 0.16 0 28 1.02 0 32 -13 0 35 -054
28800 0 14 1.27 0 16 2.12 0 19 -2.34 0 21 -1.36 0 23 —-0.54
31250 0 13 0.00 0 15 0.00 0 17 0.00 0 19 0.00 0 21 0.00
38400 0 10 3.57 0 12 0.16 0 14 -2.34 0 15 1.73 0 17 —-0.54
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Table12.3 BRR Settingsfor Various Bit Rates (Asynchronous Mode) (3)

Operating Frequency P (MHz)

Logical 24 25 26 28 30

Bit Rate Error Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%) n N (%)
110 2 212 0.03 2 221 -0.02 2 230 -0.08 2 248 -0.17 3 66 -0.62
150 2 155 0.16 2 162 -015 2 168 0.16 2 181 0.16 2 194 0.16
300 2 77 0.16 2 80 0.47 2 84 -0.43 2 90 0.16 2 97 -0.35
600 1 155 0.16 1 162 -015 1 168 0.16 1 181 0.16 2 48 -0.35
1200 1 77 0.16 1 80 0.47 1 84 -0.43 1 90 0.16 1 97 -0.35
2400 1 38 0.16 1 40 -0.76 1 41 0.76 1 45 -0.93 1 48 -0.35
4800 0 155 0.16 0 162 -015 O 168 0.16 0 181 0.16 0 194 0.16
9600 o 77 0.16 0 80 0.47 0 84 -0.43 0 90 0.16 0 97 -0.35
14400 0 51 0.16 0 53 047 0 55 0.76 0 60 -039 0 64 016
19200 0 38 0.16 0 40 -076 0 41 0.76 0 45 -093 0 48 -0.35
28800 0 25 0.16 0 26 0.47 0o 27 0.76 0 29 1.27 0 32 -1.36
31250 0 23 0.00 0 24 0.00 0 25 0.00 0 27 0.00 0 29 0.00
38400 0 19 —-2.34 0 19 1.73 0 20 0.76 0 22 -0.93 0 23 1.73
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Table12.3 BRR Settingsfor Various Bit Rates (Asynchronous Mode) (4)

Operating Frequency P@ (MHz)
Logical 32 34 36 38 40
Bit Rate Error Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%) n N (%)
110 3 70 0.03 3 74 0.62 3 79 -0.12 3 83 0.40 3 88 -0.25
150 2 207 0.16 2 220 0.16 2 233 0.16 2 246 0.16 3 64 0.16
300 2 103 0.16 2 110 -0.29 2 116 0.16 2 123 -0.24 2 129 0.16
600 2 51 016 2 54 062 2 58 069 2 61 024 2 64 016
1200 1 103 0.16 1 110 -0.29 1 116 0.16 1 123 -0.24 1 129 0.16
2400 1 51 0.16 1 51 6.42 1 58 -0.69 1 61 -0.24 1 64 0.16
4800 0 207 0.16 0 220 0.16 0 234 -027 O 246 0.16 1 32 -1.36
9600 0 103 0.16 0 110 -0.29 0 116 0.16 0 123 -0.24 0 129 0.16
14400 0 68 0.64 0 73 029 0 77 0.16 0 81 057 0 8 -0.22
19200 0 51 0.16 0 54 0.62 0O 58 069 0 61 -024 0 64 016
28800 0 34 -0.79 0 36 -0.29 0 38 0.16 0 40 0.57 0 42 0.94
31250 0 31 0.00 0 33 0.00 0 35 0.00 0 37 0.00 0 39 0.00
38400 0 25 0.16 0o 27 -1.18 0 28 1.02 0 30 -0.24 0 32 -1.36
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Table 124 Maximum Bit Rate for Each Frequency when Using Baud Rate Gener ator

(Asynchronous M ode)
P@ (MHz) n N Maximum Bit Rate (bit/s)
4 0 0 125000
8 0 0 250000
10 0 0 312500
12 0 0 375000
14 0 0 437500
16 0 0 500000
18 0 0 562500
20 0 0 625000
22 0 0 687500
24 0 0 750000
25 0 0 781250
26 0 0 812500
28 0 0 875000
30 0 0 937500
32 0 0 1000000
34 0 0 1062500
36 0 0 1125000
38 0 0 1187500
40 0 0 1250000
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Table 125 Maximum Bit Rate with External Clock Input (Asynchronous Mode)

P@ (MHz) External Clock (MHz) Maximum Bit Rate (bit/s)
4 1.0000 62500
6 1.5000 93750
8 2.0000 125000
10 2.5000 156250
12 3.0000 187500
14 3.5000 218750
16 4.0000 250000
18 4.5000 281250
20 5.0000 312500
22 5.5000 343750
24 6.0000 375000
25 6.2500 390625
26 6.5000 406250
28 7.0000 437500
30 7.5000 468750
32 8.0000 500000
34 8.5000 531250
36 9.0000 562500
38 9.5000 593750
40 10.0000 625000
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Table12.6 BRR Settingsfor Various Bit Rates (Clocked Synchronous Mode) (1)

Operating Frequency P@ (MHz)

Logical Bit 4 6 8 10 12
Rate (bit/s) n N n N n N n N n N
250 2 124 2 187 2 249 3 77 3 93
500 1 249 2 93 2 124 2 155 2 187
1000 1 124 1 187 1 249 2 77 2 93
2500 1 49 1 74 1 99 1 124 1 149
5000 1 24 — — 1 49 1 61 1 74
10000 0 99 0 149 1 24 0 249 — —
25000 0 39 0 59 1 0 99 1 14
50000 0 19 0 29 1 4 0 49 0 59
100000 0 0 14 0 19 0 24 0 29
250000 0 3 0 5 0 0 0 11
500000 0 1 0 2 0 3 0 4 0 5
1000000 0 o* — — 0 1 — — 0 2
2500000 — — — — — — 0 0* — —
5000000 — — — — — — — — — —
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Table12.6 BRR Settingsfor Various Bit Rates (Clocked Synchronous Mode) (2)

Operating Frequency P@ (MHz)

Logical Bit 14 16 18 20 22
Rate (bit/s) n N n N n N n N n N
250 3 108 3 124 3 140 3 155 3 171
500 2 218 2 249 3 69 3 77 3 85
1000 2 108 2 124 2 140 2 155 3 42
2500 1 174 2 49 1 224 1 249 2 68
5000 1 86 2 24 1 112 1 124 1 137
10000 1 43 1 49 1 55 1 62 1 68
25000 0 139 1 19 0 179 1 24 0 219
50000 0 69 1 9 0 89 0 99 0 109
100000 0 34 1 4 0 44 0 49 0 54
250000 0 13 1 1 0 17 0 19 0 21
500000 0 6 1 0 0 8 0 9 0 10
1000000 — — 0 3 — — 0 4 — —
2500000 — — — — — — 0 1 — —
5000000 — — — — — — 0 0* — —
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Table12.6 BRR Settingsfor Various Bit Rates (Clocked Synchronous Mode) (3)

Operating Frequency P@ (MHz)

Logical Bit 24 25 26 28 30
Rate (bit/s) n N n N n N n N n N
250 3 187 3 194 3 202 3 218 3 233
500 3 93 3 97 3 101 3 108 3 116
1000 2 187 2 194 2 202 2 218 2 233
2500 2 74 2 77 2 80 2 86 2 93
5000 1 149 1 155 1 162 1 174 1 187
10000 1 74 1 77 1 80 1 86 1 93
25000 1 29 0 249 — — 1 34 — —
50000 1 14 0 124 0 129 0 139 0 149
100000 0 59 0 62 0 64 0 69 0 74
250000 0 23 0 24 0 25 0 27 0 29
500000 0 11 — — 0 12 0 13 0 14
1000000 0 5 — — — — 0 6 — —
2500000 — — — — — — — — 0 2
5000000 — — — — — — — — — —
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Table12.6 BRR Settingsfor Various Bit Rates (Clocked Synchronous M ode) (4)

Operating Frequency P@ (MHz)

Logical Bit 32 34 36 38 40
Rate (bit/s) n N n N n N n N n N
250 3 249 — — — — — — — —
500 3 124 3 132 3 140 3 147 3 155
1000 2 249 3 65 3 69 3 73 3 77
2500 2 99 2 105 2 112 2 118 2 124
5000 2 49 1 212 1 224 1 237 1 249
10000 2 24 1 105 1 112 1 118 1 124
25000 2 9 — — 1 44 — — 1 49
50000 2 4 0 169 0 179 0 189 1 24
100000 1 9 0 84 0 89 0 94 0 99
250000 1 3 0 33 0 35 0 37 0 39
500000 1 1 0 16 0 17 0 18 0 19
1000000 1 0 — — 0 8 — — 0 9
2500000 — — — — — — — — 0 3
5000000 — — — — — — — — 0 1
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Table12.7 Maximum Bit Rate with External Clock Input (Clocked Synchronous M ode)

P@ (MHz) External Clock (MHz) Maximum Bit Rate (bit/s)
4 0.6667 666666.7
6 1.0000 1000000.0
8 1.3333 1333333.3
10 1.6667 1666666.7
12 2.0000 2000000.0
14 2.3333 2333333.3
16 2.6667 2666666.7
18 3.0000 3000000.0
20 3.3333 3333333.3
22 3.6667 3666666.7
24 4.0000 4000000.0
25 4.1667 4166666.7
26 4.3333 4333333.3
28 4.6667 4666666.7
30 5.0000 5000000.0
32 5.3333 5333333.3
34 5.6667 5666666.7
36 6.0000 6000000.0
38 6.3333 6333333.3
40 6.6667 6666666.7
Legend:

— : Can be set, but there will be a degree of error.

* . Continuous transfer is not possible.

Note: Settings with an error of 1% or less are recommended.
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12.4  Operation in Asynchronous Mode

Figure 12.2 shows the general format for asynchronous serial communication. One frame consists
of astart bit (low level), followed by data, a parity bit, and finally stop bits (high level). In
asynchronous serial communication, the transmission line is usualy held in the mark state (high
level). The SCI monitors the communication line, and when it goes to the space state (low level),
recognizes a start bit and starts serial communication. Inside the SCI, the transmitter and receiver
are independent units, enabling full-duplex communication. Both the transmitter and the receiver
also have a double-buffered structure, so that data can be read or written during transmission or
reception, enabling continuous data transfer.

Idle state
(mark state)
1 LSB MSB 1

Serial 0 | Do | D1 | D2| D3 |D4|D5|D6|D7|01]| 1 1
data

Start Parity

bit | Transmit/receive data _ | bit | Stophit

1 bit 7 or 8 bits 1bit 1 or2bits

or
none

One unit of transfer data (character or frame)

- -
-t '

Figure12.2 Data Format in Asynchronous Communication (Example with 8-Bit Data,
Parity, Two Stop Bits)

12.41 Data Transfer Format

Table 12.8 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 12.5, Multiprocessor Communication Function.

Rev. 4.00 Dec 05, 2005 page 340 of 564
REJ09B0270-0400
RENESAS



Section 12 Serial Communication Interface (SCI)

Table12.8 Serial Transfer Formats (Asynchronous Mode)

SMR Settings Serial Transfer Format and Frame Length
CHR | PE | mp | sToP 2.3 4. 5 6 7 8 9 10 11 12
0 0 0 0 | 8-bit data |STOP
0 0 0 1 | 8-bit data |STOP| STOP
0 1 0 0 | 8-bit data | p |STOP
0 1 0 1 | 8-bit data | p |STOP|STOP
1 0 0 0 | 7-bit data | STOP
1 0 0 1 | 7-bit data |STOP|STOP
1 1 0 0 | 7-bit data | P |STOP
1 1 0 1 | 7-bit data | p |STOP|STOP
0 X 1 0 | 8-bit data | MPB |STOP
0 X 1 1 | 8-bit data | MPB |STOP|STOP
1 X 1 0 | 7-bit data | MPB | STOP
1 X 1 1 | 7-bit data | MPB |STOP|STOP
Legend:
S: Start bit
STOP: Stop bit
p: Parity bit
MPB: Multiprocessor bit
X: Don't care
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12.42  Receive Data Sampling Timing and Reception Margin in Asynchronous Mode

In asynchronous mode, the SCI operates on a basic clock with afrequency of 16 timesthe bit rate.
In reception, the SCI samples the falling edge of the start bit using the basic clock, and performs
internal synchronization. Receive dataislatched internally at the rising edge of the 8th pulse of
the basic clock as shown in figure 12.3. Thus the reception margin in asynchronous mode is given
by formula (1) below.

M= { (0.5 - i) _(B=05 _ _os5 F} X 10096 voveeeeeeeeeeeeereeres Formula (1)

Where M: Reception margin (%)

N: Ratio of bit rateto clock (N = 16)

D: Clock duty (D =0t01.0)

L: Framelength (L =9t012)

F:  Absolute value of clock rate deviation

Assuming valuesof F=0and D = 0.5 in formula (1), areception margin is given by formula
below.

M = {0.5 — 1/(2 x 16)} x 100 [%] = 46.875%

However, thisis only the computed value, and a margin of 20% to 30% should be allowed in
system design.

_ 16 clocks L
8 clocks

0 7 15| 0 7 15 0
Internal basic mII|||||||||||||II||||||||||||||||||||||||||||||II|||||||||||||||||
clock
Receivedata 11\ sranbit | | DO i [D1
(RxD) e - =
Synchronization ' H ' " v
sampling timing __t . N
Data sampling i P
timing n ”

Figure 12.3 Receive Data Sampling Timing in Asynchronous Mode
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12.43 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 asthe SCI's serial clock, according to the setting of the C/A bitin
SMR and the CKE1 and CKEO 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 12.4.

The clock must not be stopped during operation.

TxD 0 DO (D1 | D2 | D3| D4 | D5|D6|D7]01] 1 1

1 frame

-t -
-

Figure12.4 Relation between Output Clock and Transmit Data Phase
(Asynchronous M ode)
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12.4.4  SCl initialization (Asynchronous mode)

Before transmitting and receiving data, you should first clear the TE and RE hitsin SCR to 0, then
initialize the SCI as described below. When the operating mode, transfer format, etc., is changed,
the TE and RE bits must be cleared to 0 before making the change using the following procedure.
When the TE bit iscleared to O, the TDRE flag is set to 1. Note that clearing the RE bit to 0 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.

( Start transmission ) [1] Set the clock selection in SCR.
[2] Set the data transfer format in SMR
and SCMR.
[3] Write a value corresponding to the
Clear RIE, TIE, TEIE, MPIE,* bit rate to BRR. Not necessary if an
TE and RE bits in SCR to 0 external clock is used.

T [4] Set PFC of the external pin used.
Set RxD input during receiving and
Set CKE1 and CKEO bits in SCR o TxD output during transmitting. Set
(TE and RE bits are 0) SCK input/output according to
contents set by CKE1 and CKEOQ.
| - When CKE1 and CKEO are 0 in
Set data transfer format in 2] asynchronous mode, setting the
SMR SCK pin is unnecessary.
| Outputting clocks from the SCK pin
Set value in BRR [3] starts at synchronous clock output
- setting.
Wait [5] Wait at least one bit interval, then
set the TE bit or RE bit in SCR to
No 1.* At this time, the TxD, RxD, and
SCK pins can be used. The TxD
pin is in a mark state during
transmitting, and RxD pin is in an
idle state for waiting the start bit
Set PFC of the external pin used | 4] during receiving.
SCK, TxD, RxD

Set RIE, TIE, TEIE, and MPIE bits [5]
Set TE and RE bits in SCR to 1

< Initialization completion>

1-bit interval elapsed?

Note: * In simultaneous transmit/receive operation, the TE and RE bits must be cleared to 0 or set to 1
simultaneously.

Figure12.5 Sample SCI Initialization Flowchart
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1245 Datatransmission (Asynchronous mode)

Figure 12.6 shows an example of the operation for transmission in asynchronous mode. In
transmission, the SCI operates as described below.

1. The SCI monitorsthe TDRE flag in SSR, and if is cleared to 0, recognizes that data has been
written to TDR, and transfers the data from TDR to TSR.

2. After transferring datafrom TDR to TSR, the SCI setsthe TDRE flag to 1 and starts
transmission. If the TIE bit isset to 1 at thistime, atransmit data empty interrupt request
(TXI1) isgenerated. Because the TXI interrupt routine writes the next transmit datato TDR
before transmission of the current transmit data has finished, continuous transmission can be
enabled.

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 TDRE flagis O, the dataistransferred from TDR to TSR, the stop bit is sent, and then
seria transmission of the next frame is started.

6. Ifthe TDREflagis1, the TEND flag in SSR is set to 1, the stop bit is sent, and then the “mark
state” isentered in which 1isoutput. If the TEIE bitin SCRisset to 1 at thistime, a TEI
interrupt request is generated.

Figure 12.7 shows a sample flowchart for transmission in asynchronous mode.

Start Data Parity Stop Start Data Parity Stop
1 bit B bit  bit bit « bit  bit 1
)) ))
XD o | bo | b1 p7|or| 1| o |[po|D1 p7 | o1 | 1 ldlestate
(« (« (mark state)

' )) ' ))
' '

: G
1 1

TDRE : . P
A A 7 A
TEND : ( I
. )) )] A
TXl interrupt  Data written to TDR TXI interrupt TEIl interrupt
request and TDRE flag cleared request request
generattlad to 0 in TXI interrupt generated generated

! processing routine '
, ,

, frame '

[ o
- -

Figure12.6 Example of Operation in Transmission in Asynchronous Mode
(Example with 8-Bit Data, Parity, One Stop Bit)
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[1] SCl initialization:

| Initialization | [1] Set the TxD pin using the PFC.
I — After the TE bitis setto 1, 1 is
( Start transmission ) output for one frame, and
IA transmission is enabled. However,
| Read TDRE flag in SSR | 2] data is not transmitted.
[2] SCI status check and transmit data
No write:
Read SSR and check that the
TDRE flag is set to 1, then write
Yes transmit data to TDR and clear the
TDRE flag to 0.
Write transmit data to TDR . - . .
and clear TDRE flag in SSR to 0 [3] Serial transmission continuation
procedure:
To continue serial transmission,
Al data transmitted? No read 1 from the TDRE flag to

confirm that writing is possible, then
write data to TDR, and then clear

Yes the TDRE flag to 0. Checking and
- clearing of the ag is
= (3l learing of the TDRE flag i

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, first clear the port
data register (DR) to 0, then clear
the TE bit to 0 in SCR and use the
PFC to select the TxD pin as an
output port.

Break output?

Clear DRto 0

Clear TE bit in SCR to 0;
select the TxD pin
as an output port with the PFC

<End>

Figure12.7 Sample Serial Transmission Flowchart
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1246  Serial datareception (Asynchronous mode)

Figure 12.8 shows an example of the operation for reception in asynchronous mode. In serial
reception, the SCI operates as described below.

1

The SCI monitors the communication line, and if a start bit is detected, performsinternal
synchronization, receives receive datain RSR, and checks the parity bit and stop bit.

If an overrun error (when reception of the next data is completed while the RDRF flag is still
set to 1) occurs, the OER bitin SSRisset to 1. If the RIE bit in SCRisset 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 SCRisset to 1 at thistime, an ERI interrupt request is generated.

If aframing error (when the stop bit is 0) is detected, the FER bit in SSR is set to 1 and receive
dataistransferred to RDR. If the RIE bitin SCRis set to 1 at thistime, an ERI interrupt
request is generated.

If reception finishes successfully, the RDRF 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 RXI interrupt request is
generated. Because the RX| interrupt processing routine reads the receive data transferred to
RDR before reception of the next receive data has finished, continuous reception can be
enabled.

Start Data Parity Stop Start Data Parity Stop

1 bit « bit ~ bit bit B bit ~ bit 1
)) ))

RxD 0 [po|D1 p7|o1]| 1| o |Do|D1 D7 (o1 | 1 Idlestate

RDRF

FER

(« (« (mark state)
h ) h )

(¢
) A

((
A ))

! (¢ ((

) T ) A
h RXl interrupt  RDR data read and ERI interrupt
request RDREF flag cleared request generated
generated | to 0 in RXI interrupt by framing error

| processing routine

1 frame !

-
g Lt}

Figure 12.8 Example of SCI Operation in Reception (Examplewith 8-Bit Data,
Parity, One Stop Bit)
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Table 12.9 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 OER,
FER, PER, and RDRF bits to 0 before resuming reception. Figure 12.9 shows a sample flow chart
for serial data reception.

Table12.9 SSR Status Flagsand Receive Data Handling

SSR Status Flag

RDRF* OER 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 Qverrun 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 its state before data reception.
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[1] SClinitialization:

| In|t|aI||zat|on | (1] Set the RxD pin using the PFC.
( Start reception ) [2] [3] Repeive error processing and break
—T detection:
| If a receive error occurs, read the
Read ORER, PER, and ORER, PER, and FER flags in SSR to
FER flags in SSR (2] 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
value of the input port corresponding to
the RxD pin.

| Read RDRF flag in SSR | [4] [4] SCI status check and receive data read:
Read SSR and check that RDRF =1,

No 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

Yes identified by an RXI interrupt.

Error processing

(Continued on next page)

Read receive data in RDR, and [5] Serial reception continuation procedure:
clear RDRF flag in SSR to 0 To continue serial reception, before the

stop bit for the current frame is
received, read the RDRF flag, read
RDR, and clear the RDRF flag to 0.

[5] The RDRF flag is cleared automatically
when DTC is activated by an RXI
interrupt and the RDR value is read.

| clearrEbitinSCRI0O0 |

<End>

Figure12.9 Sample Serial Reception Data Flowchart (1)
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(3]
C Error processing )
Yes

Overrun error processing

-

Yes

Break?

Y

| | Clear RE bit in SCR to 0

Framing error processing

No

Parity error processing

Clear ORER, PER, and
FER flags in SSR to O

<End>

Figure12.9 Sample Serial Reception Data Flowchart (2)
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125  Multiprocessor Communication Function

Use of the multiprocessor communication function enables data transfer to be performed among a
number of processors sharing communication lines by means of asynchronous serial
communication using the multiprocessor format, in which a multiprocessor bit is added to the
transfer data. When multiprocessor communication is carried out, each receiving station is
addressed by aunique ID code. The serial communication cycle consists of two component
cycles: an ID transmission cycle which specifies the receiving station, and a data transmission
cycle. The multiprocessor bit is used to differentiate between the ID transmission cycle and the
datatransmission cycle. If the multiprocessor bit is 1, the cycleisan ID transmission cycle, and if
the multiprocessor bit is 0, the cycle is a data transmission cycle. Figure 12.10 shows an example
of inter-processor communication using the multiprocessor format. The transmitting station first
sends the ID code of the receiving station with which it wants to perform serial communication as
data with a 1 multiprocessor bit added. It then sends transmit data as data with a 0 multiprocessor
bit added. The receiving station skips data until data with a 1 multiprocessor bit is sent. When data
with a1 multiprocessor hit is received, the receiving station compares that data with its own ID.
The station whose ID matches then receives the data sent next. Stations whose 1D does not match
continue to skip data until datawith a1 multiprocessor bit is again received.

The SCI uses the MPIE bit in SCR to implement this function. When the MPIE bit is set to 1,
transfer of receive datafrom RSR to RDR, error flag detection, and setting the SSR status flags,
RDRF, FER, and OER to 1 are inhibited until data with a 1 multiprocessor bit is received. On
reception of receive character with a 1 multiprocessor bit, the MPBR bit in SSR is set to 1 and the
MPIE bit is automatically cleared, thus normal reception isresumed. If the RIE bit in SCRis set to
1 at thistime, an RXI interrupt is generated.

When the multiprocessor format is selected, the parity bit setting isinvalid. 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
' v v v
Receiving Receiving Receiving Receiving
station A station B station C station D
(ID = 01) (ID = 02) (ID = 03) (ID = 04)
Serial ; ; /_\ /7
data / \ / Ho1 / \ / H'AA \ \
: (MPB=1) ! (MPB=0)!
ID transmission cycle = Data transmission cycle =
receiving station Data transmission to
specification receiving station specified
by ID

Legend:
MPB: Multiprocessor bit

Figure 12.10 Example of Communication Using Multiprocessor Format
(Transmission of Data H’ AA to Receiving Station A)

1251 Multiprocessor Serial Data Transmission

Figure 12.11 shows a sample flowchart for multiprocessor serial datatransmission. 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 0 before transmission. All other SCI operations are the same
as those in asynchronous mode.
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(1] (1]

Initialization |

Start transmission )

Read TDRE flag in SSR | 2]

(2]

Yes

Write transmit data to TDR and
set MPBT bit in SSR

| 3]

Clear TDRE flag to 0

) No
All data transmitted?

K]

Yes

-t

Read TEND flag in SSR |

(4]

(4]

Clear DRt0 0 |

Clear TE bit in SCR to 0;
select the TxD pin
as an output port with the PFC

[

<End>

SCl initialization:

Set the TxD pin using the PFC.
After the TE bitis setto 1, 1 is
output for one frame, and
transmission is enabled.
However, data is not transmitted.

SCI status check and transmit
data write:

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

Serial transmission continuation
procedure:

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

Break output at the end of serial
transmission:

To output a break in serial
transmission, first clear the port
data register (DR) to 0, then
clear the TE bit to 0 in SCR and
use the PFC to select the TxD
pin as an output port.

Figure12.11 Sample Multiprocessor Serial Transmission Flowchart
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1252  Multiprocessor Serial Data Reception

Figure 12.13 shows a sample flowchart for multiprocessor serial datareception. If the MPIE bitin
SCRisset to 1, datais skipped until data with a1 multiprocessor bit is sent. On receiving data
with a 1 multiprocessor hit, the receive datais transferred to RDR. An RXI interrupt request is
generated at thistime. All other SCI operations are the same as in asynchronous mode. Figure
12.12 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
1) 1)
0 DO D1 D7 1 1 | 0 | DO | D1 | | D7 | 0 | 1 Idle state
(| 4 (mark state)

It

))
MPIE | I

A
e /

RDR X D1
value
MPIE =0 RXI interrupt RDR data read If not this station’s ID, RXI interrupt request is
request and RDRF flag MPIE bit is setto 1 not generated, and RDR
(multiprocessor  cleared to 0 in again retains its state
interrupt) RXI interrupt
generated processing routine
(a) Data does not match station’s ID
Start Data (ID2) Stop Start Data (Data2) Stop
1 bit (« MPB bit  bit (« MPB bit 1
) )
|0|DO|D1| |D7|1 l|O|DO|Dl| |D7|O|1Id|estate
4 4 (mark state)
MPIE | (
/ ))
"R § /l | g | L
RDR
ID1 ID2 Data2
value X X
MPIE=0 RXl interrupt RDR data read and  Matches this station’s ID, MPIE bit is set to 1
request RDRF flag cleared  so reception continues, again
(multiprocessor to 0 in RXl interrupt  and data is received in RXI
interrupt) processing routine interrupt processing routine
generated

(b) Data matches station’s ID

Figure12.12 Example of SCI Operation in Reception (Example with 8-Bit Data,
Multiprocessor Bit, One Stop Bit)
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| Initialization | [
1
( Start reception )
=
| Set MPIE bit in SCR to 1 | 2]

Read ORER and FER flags
in SSR

FERVORER =1

No
Read RDRF flag in SSR

|
P
Yes

(31

| Read receive data in RDR |

This station’s ID?

Yes

Read ORER and FER flags
in SSR

Yes
FERVORER =1
No

Read RDRF flag in SSR

No
Yes

Read receive data in RDR |

All data received?

A

Clear RE bitin SCRto 0
I

<End>

(1]

(2]

(3]

(4]

(5]

SCl initialization:
Set the RxD pin using the PFC.

ID reception cycle:
Set the MPIE bit in SCR to 1.

SClI 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 0.

If the data is this station’s ID, clear the
RDRF flag to O.

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 )

(Continued on
next page)

Figure12.13 Sample Multiprocessor Serial Reception Flowchart (1)
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[5] C Error processing )

-

Yes

Break?

\i
Clear RE bitin SCRto 0

Framing error processing

Clear ORER and FER
flags in SSRto 0

<End>

Figure12.13 Sample Multiprocessor Serial Reception Flowchart (2)
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126  Operation in Clocked Synchronous Mode

Figure 12.14 shows the general format for clocked synchronous communication. In clocked
synchronous mode, data is transmitted or received in synchronization with clock pulses. Datais
transferred in 8-bit units. 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 synchronization 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 bit is added. Inside the SCI, the transmitter and receiver are independent units,
enabling full-duplex communication by use of acommon clock. Both the transmitter and the
receiver also have a double-buffered structure, so that data can be read or written during
transmission or reception, enabling continuous data transfer.

One unit of transfer data (character or frame)

Synchronization|||||||||||||||||||
clock

| LSB MSB
Serial data 4 XBito X Bit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7 X 4
| ' b

Don’t care Don’t care

Note: * High except in continuous transfer

Figure12.14 Data Format in Clocked Synchronous Communication (For L SB-First)

12.6.1 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 CKE1 and
CKEQ hitsin 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 isfixed high. Only in reception, the serial clock is continued
generating until an overrun error is occurred or the RE bit is cleared to 0. To execute reception in
one-character units, select an external clock as aclock source.

12.6.2 SCl initialization (Clocked Synchronous mode)

Before transmitting and receiving data, you should first clear the TE and RE bitsin SCR to 0, then
initialize the SCI as described in a sample flowchart in figure 12.15. When the operating mode,
transfer format, etc., is changed, the TE and RE hits must be cleared to 0 before making the
change using the following procedure. When the TE hit is cleared to 0, the TDRE flag is set to 1.
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Note that clearing the RE bit to 0 does not initialize the RDRF, PER, FER, and ORER flags, or the
contents of RDR.

C Start initialization ) [1] Setthe clock selection in SCR.
[2] Setthe data transfer format in SMR.
Clear RIE. TIE. TEIE. MPIE [3] Write a value corresponding to the bit
TE and REE bits’ in SéR to 0; rate to BRR. Not necessary if an

I external clock is used.

Set CKE1 and CKEO bits in SCR | [1]
(TE and RE bits are 0)

[4] Set PFC of the external pin used. Set
RxD input during receiving and TxD
output during transmitting. Set SCK

L input/output according to contents set

Set data transfer format in 2] by CKE1 and CKEO.

SMR . .
T [5] Wait at least one bit interval, then set

the TE bit or RE bit in SCR to 1.* At this

Set value in BRR 3l time, the TxD, RxD, and SCK pins can
Wait be used. The TxD pin is in a mark state
B during transmitting. When synchronous

No clock output (clock master) is set during
receiving in synchronous mode,
outputting clocks from the SCK pin
starts.

1-bit interval elapsed?

Set PFC of the external pin used
SCK, TxD, RxD [4]

]
Set RIE, TIE, and TEIE bits
Set TE and RE bitsin SCRto 1 | [

<Transfer start>

Note: * In simultaneous transmit and receive operations, the TE and RE bits should both
be cleared to 0 or set to 1 simultaneously.

Figure12.15 Sample SCI Initialization Flowchart

12.6.3  Serial datatransmission (Clocked Synchronous mode)

Figure 12.16 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 it is cleared to O, recognizes that data has been
written to TDR, and transfers the data from TDR to TSR.

2. After transferring datafrom TDR to TSR, the SCI setsthe TDRE flag to 1 and starts
transmission. If the TIE bitin SCRis set to 1 at thistime, atransmit data empty (TXI)
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interrupt request is generated. Because the TXI interrupt routine writes the next transmit data
to TDR before transmission of the current transmit data has finished, continuous transmission
can be enabled.

3. 8-hit 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.

4. The SCI checksthe TDRE flag at the timing for sending the MSB (bit 7).

5. If the TDRE flagiscleared to 0, datais transferred from TDR to TSR, and serial transmission
of the next frame is started.

6. Ifthe TDREflagissetto 1, the TEND flagin SSRis set to 1, and the TXD pin maintains the
output state of thelast bit. If the TEIE bitin SCRis set to 1 at thistime, a TEI interrupt
request is generated. The SCK pin isfixed high.

Figure 12.17 shows a sample flowchart for serial datatransmission. Even if the TDRE flag is
cleared to O, transmission will not start while areceive error flag (ORER, FER, or PER) isset to 1.
Make sure to clear the receive error flags to 0 before starting transmission. Note that clearing the
RE bit to 0 does not clear the receive error flags.

Transfer
, direction ,
1 - 1

Synchroniza- l | | | | | | | l | | | | | ¥ | | | |
tion clock r "
Serial data X Bit 0 X Bit 1 )(:2 X Bit 0 X Bit 4 X Bit 5 )(:: X Bit6 X Bit 7
: 5 ¢
T T 1)

TDRE ! . !
i\ : A 7 A —
TEND : 1
{( I(é
T ) T )] A

TXI interrupt - Data written to TDR TXI interrupt TEI interrupt

request ' and TDRE flag cleared request request

generated 1 to 0in TXI interrupt generated generated

'
'

' processing routine ;
' '
; 1 frame -

- -
- =

Figure12.16 Sample SCI Transmission Operation in Clocked Synchronous M ode
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[1] SClinitialization:
Set the TxD pin using the PFC.

Initialization | m
|
Start transmission ) [2] SCI status check and transmit data
write:
Read SSR and check that the TDRE
Read TDRE flag in SSR | [2] flag is set to 1, then write transmit data
to TDR and clear the TDRE flag to 0.

)

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.
Checking and clearing of the TDRE
No flag is automatic when the DTC is
(31 activated by a transmit data empty
interrupt (TXI) request and data is
Yes written to TDR.

Yes

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

All data transmitted?

Read TEND flag in SSR

No

Yes

Clear TE bitin SCR to 0

<End>

Figure12.17 Sample Serial Transmission Flowchart
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1264  Serial datareception (Clocked Synchronous mode)

Figure 12.18 shows an example of SCI operation for reception in clocked synchronous mode. In
serial reception, the SCI operates as described below.

1

The SCI performs internal initialization in synchronization with a synchronization clock input
or output, starts receiving data, and stores the received datain RSR.

If an overrun error (when reception of the next datais completed while the RDRF flag is still
set to 1) occurs, the ORER bitin SSRissetto 1. If the RIE bit in SCRisset 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 reception finishes successfully, the RDRF bit in SSR is set to 1, and receive dataiis
transferred to RDR. If the RIE bit in SCRis set to 1 at thistime, an RXI interrupt request is
generated. Because the RXI interrupt processing routine reads the receive data transferred to
RDR before reception of the next receive data has finished, continuous reception can be
enabled.

Synchroniza- | | | | | | | | | | | | | | ¥ | | | |

tion clock

Serial data XBit?XBitOX::: X it 7 X Bito X Bit 1 X ’ X site X Bit7 X_
1 ] )]

RDRF h '
' A ' I,
ORER 1 :

A

RXI interrupt RDR dataread and : RXl interrupt ERI interrupt
request . RDREF flag cleared . request request generated
generated ' to 0in RXlinterrupt | generated by overrun error

\ processing routine
i i

1 frame

g

Figure12.18 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 12.19 shows a sample
flowchart for serial data reception.
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[1] SCl initialization:

| Initialization | (1] Set the RxD pin using the PFC.
|
C Start recention ) [2] [3] Receive error processing:
P If a receive error occurs, read the
~i ORER flag in SSR, and after
| Read ORER flag in SSR | 2] performing the appropriate error

processing, clear the ORER flag to 0.
Transfer cannot be resumed if the
ORER flag is setto 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
data in RDR and clear the RDRF flag
Read RDRF flag in SSR | [4] to 0.
Transition of the RDRF flag from 0 to 1
can also be identified by an RXI

Error processing

(Continued below)

No interrupt.
[5] Serial reception continuation
Yes procedure:
To continue serial reception, before
Read receive data in RDR, and the MSB (bit 7) of the current frame is
clear RDRF flag in SSR to 0 received, reading the RDRF flag,

reading RDR, and clearing the RDRF
flag to O should be finished. The

[5] RDREF flag is cleared automatically
when the DTC is activated by a
receive data full interrupt (RXI) request
and the RDR value is read.

All data received?

Clear RE bitin SCRto 0

<End>

3] ( Error processing )
|

| Overrun error processing |

| Clear ORER flag in SSR to 0 |

<End>

Figure12.19 Sample Serial Reception Flowchart
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12.6.,5 Simultaneous Serial Data Transmission and Reception (Clocked Synchronous
mode)

Figure 12.20 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 the SCI initialization. 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 setto 1, clear TEto 0. Then simultaneously set TE and RE to 1 with asingle instruction.
To switch from receive mode to simultaneous transmit and receive mode, after checking that the
SCI hasfinished 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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| Initialization | [1] SCl initialization:
Set the TxD and RxD pins using the PFC.

( Start transmission/reception ) [2] SCI status check and transmit data write:

Read SSR and check that the TDRE flag

is set to 1, then write transmit data to

| Read TDRE flag in SSR | [2] TDR and clear the TDRE flag to 0.

Transition of the TDRE flag from 0 to 1

No can also be identified by a TXI interrupt.
[3] Receive error processing:

If a receive error occurs, read the ORER

|

ves flag in SSR, and after performing the
Write transmit data to TDR and appropriate error processing, clear the
clear TDRE flag in SSR to 0 ORER flag to 0. Transmission/reception
| cannot be resumed if the ORER flag is
setto 1.

Read ORER flag in SSR |

[4] 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.

[5] Serial transmission/reception continuation
procedure:
To continue serial transmission/
reception, before the MSB (bit 7) of the
current frame is received, finish reading
the RDRF flag, reading RDR, and
clearing the RDRF flag to 0. Also, before

Read receive data in RDR, and the MSB (bit 7) of the current frame is
clear RDRF flag in SSRt0 0 transmitted, read 1 from the TDRE flag to
confirm that writing is possible. Then
write data to TDR and clear the TDRE
. flag to O.
All data received? [5] 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. Also,
the RDRF flag is cleared automatically
when the DTC is activated by a receive
data full interrupt (RXI) request and the
<End> RDR value is read.

Yes

[ clear TE and RE bits in SCR 10 0 |

Note: When switching from transmit or receive operation to simultaneous transmit and receive operations,
first clear the TE bit and RE bit to 0, then set both these bits to 1 simultaneously.

Figure12.20 Sample Flowchart of Simultaneous Serial Transmit and Receive Operations
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12.7  SCI Interrupts

12.7.1  Interruptsin Normal Serial Communication Interface Mode

Table 12.10 shows the interrupt sourcesin 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
flagin SSRisset to 1, a TEl interrupt request is generated. A TXI interrupt request can activate
the DTC to perform datatransfer. The TDRE flag is cleared to 0 automatically when data transfer
is performed by the DTC.

When the RDRF flag in SSRis 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 perform datatransfer. The RDRF flagisclearedto O
automatically when data transfer is performed by the DTC.

A TEI interrupt is generated when the TEND flag is set to 1 whilethe TEIE bitissetto 1. If aTEl
interrupt and a TX| interrupt are generated simultaneously, the TXI interrupt has priority for
acceptance. However, note that if the TDRE and TEND flags are cleared simultaneoudly by the
TXI interrupt routine, the SCI cannot branch to the TEI interrupt routine later.

Table 12.10 SCI Interrupt Sources

Channel  Name Interrupt Source Interrupt Flag DTC Activation
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
3 ERI_3 Receive Error ORER, FER, PER Not possible
RXI_3 Receive Data Full RDRF Possible
TXI_3 Transmit Data Empty TDRE Possible
TEIL_3 Transmission End TEND Not possible
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12.8  Usage Notes

1281 TDR Writeand TDRE Flag

The TDRE bit in the serial status register (SSR) is a status flag indicating transferring of transmit
datafrom TDR into TSR. The SCI sets the TDRE bit to 1 when it transfers data from TDR to
TSR.

Data can be written to TDR regardless of the TDRE bit status.

If new datais written in TDR when TDRE is 0, however, the old data stored in TDR will be lost
because the data has not yet been transferred to TSR. Before writing transmit datato TDR, be sure
to check that the TDRE bit is set to 1.

12.82 Module Standby M ode Setting

SCI operation can be disabled or enabled using the module standby control register. The initial
setting isfor SCI operation to be halted. Register access is enabled by clearing modul e standby
mode. For details, refer to section 21, Power-Down Modes.

12.8.3 Break Detection and Processing (Asynchronous Mode Only)

When framing error detection is performed, a break can be detected by reading the RxD pin value
directly. Inabreak, the input from the RxD pin becomes all Os, and so the FER flag is set, and the
PER flag may also be set. Note that, since the SCI continues the receive operation after receiving

abreak, even if the FER flag iscleared to O, it will be set to 1 again.

12.84  Sending a Break Signal (Asynchronous Mode Only)

The TxD pin becomes of the I/O port general 1/0 pin with the I/O direction and level determined
by the port dataregister (DR) and the port 1/0 register (IOR) of the pin function controller (PFC).
These conditions allow break signalsto be sent.

The DR vaue is substituted for the marking status until the PFC is set. Consequently, the output
port is set to initially output a 1.

To send abreak in seria transmission, first clear the DR to 0, then establish the TXD pin asan
output port using the PFC.

When the TE bit is cleared to 0, the transmission section isinitialized regardless of the present
transmission status.
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1285 ReceiveError 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 flagiscleared to 0. Be sureto clear the receive error flags to O before starting
transmission. Note also that receive error flags cannot be cleared to 0 even if the RE bit is cleared
to 0.

12.8.6 Constraintson DTC Use

1. When using an external clock source for the serial clock, update TDR with the DTC, and then
after the elapse of five peripheral clocks (Pg) or more, input atransmit clock. If atransmit
clock isinput in the first four P clocks after TDR iswritten, an error may occur (figure
12.21).

2. Beforereading the receive data register (RDR) with the DTC, select the receive-data-full
(RX1) interrupt of the SCI as a start-up source.

)E<DOXD1XD2XD3XD4XD5XD6XD7X:

Note: During external clock operation, an error may occur if t is 4 P@ clocks or less.

Figure12.21 Example of Clocked Synchronous Transmission with DTC

12.8.7 Cautionson Clocked Synchronous External Clock Mode

1. Set TE = RE = 1 only when external clock SCK is 1.

2. Donot set TE = RE = 1 until at least four Pg clocks after external clock SCK has changed
fromOto 1.

3. When receiving, RDRF is 1 when RE is cleared to 0 after 2.5-3.5 P clocks from the rising
edge of the RxD D7 bit SCK input, but copying to RDR is not possible.

12.8.8 Caution on Clocked Synchronous Internal Clock Mode

When receiving, RDRF is 1 when RE is cleared to O after 1.5 P clocks from the rising edge of the
RxD D7 hit SCK output, but copying to RDR is not possible.
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Section 13 A/D Converter

Section 13 A/D Converter

This LSI includes a successive approximation type 10-bit A/D converter. The block diagram of the
A/D converter isshown in figure 13.1.

13.1 Features

» 10-bit resolution
e Input channels
0 12 channels (three independent A/D conversion modules)
» Conversion time: 6.7 ps per channel (at Pg =20 MHz operation), 5.4 us (during P = 25 MHz
operation)
e Three operating modes
O Single mode: Single-channel A/D conversion
O Continuous scan mode: Repetitive A/D conversion on 1 to 4 channels
O Single-cycle scan mode: Continuous A/D conversion on 1 to 4 channels
» Dataregisters
0 Conversion results are held in a 16-bit data register for each channel
e Sample and hold function
¢ Three methods for conversion start
O Software
O Conversion start trigger from multifunction timer pulse unit (MTU) or motor management
timer (MMT)
O Externa trigger signal
e Interrupt request
O AnA/D conversion end interrupt request (ADI) can be generated
e Module stop mode can be set
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Module data bus Internal data bus
3
8
N1 000 |2
£
) (2]
c =)
o o
T
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sl 5l el lglels|—
o = )]
_bi K o2 4 Q a OO |k
10-bit D/A {8513 a Q185
o2 < < <[<|<
AVSS—> g
[
(&]
o
>
(7]

3 l«— P@/4
ANM —» —io\o—_’_—i—> - . P@8
R ! . N
. : ¥ . Comparator Control circuit P@/16
- g Sample-and- - P@/32
— = hold circuit
—] =
R—— |—>ADI
ANN —| interrupt signal
Conversion start
trigger from MTU/MMT
ADTRG
Legend:

ADCR: A/D control register

ADCSR: A/D control/status register
ADTSR: A/D trigger select register
ADDRmM-ADDRN: A/D data register mto n

Note: The register number corresponds to the channel number of the module.
(m=8,n=19)

Figure 13.1 Block Diagram of A/D Converter (For One Module)
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13.2  Input/Output Pins

Table 13.1 summarizes the input pins used by the A/D converter. ThisL S| has three A/D
conversion modules each of which can be operated independently. The input channels are divided

into four channel sets.

Table13.1 Pin Configuration

Module Type Pin Name 1/O Function

Common AV . Input Analog block power supply and reference voltage
AV Input Analog block ground and reference voltage
ADTRG Input A/D external trigger input pin

A/D module 0 (A/DO) ANS8 Input Analog input pin 8 Group 1
AN9 Input Analog input pin 9
AN10 Input Analog input pin 10
AN11 Input Analog input pin 11

A/D module 1 (A/D1) AN12 Input Analog input pin 12 Group 1
AN13 Input Analog input pin 13
AN14 Input Analog input pin 14
AN15 Input Analog input pin 15

A/D module 2 (A/D2) AN16 Input Analog input pin 16 Group O
AN17 Input Analog input pin 17
AN18 Input Analog input pin 18
AN19 Input Analog input pin 19

Note: The connected A/D module differs for each pin. The control registers of each module must

be set.
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13.3  Register Description

The A/D converter has the following registers. For details on register addresses, refer to appendix
A, Internal I/0O Register.

e A/D dataregister 8 (H/L) (ADDRS)

» A/D dataregister 9 (H/L) (ADDR9)

» A/D dataregister 10 (H/L) (ADDR10)

» A/D dataregister 11 (H/L) (ADDR11)

» A/D dataregister 12 (H/L) (ADDR12)

» A/D dataregister 13 (H/L) (ADDR13)

» A/D dataregister 14 (H/L) (ADDR14)

» A/D dataregister 15 (H/L) (ADDR15)

» A/D dataregister 16 (H/L) (ADDR16)

» A/D dataregister 17 (H/L) (ADDRL17)

» A/D dataregister 18 (H/L) (ADDR18)

» A/D dataregister 19 (H/L) (ADDR19)

« A/D control/status register 0 (ADCSR_0)
» A/D control/status register 1 (ADCSR_1)
e A/D control/status register 2 (ADCSR_2)
» A/D control register 0 (ADCR_0)

e A/D control register 1 (ADCR_1)

» A/D control register_ 2 (ADCR_2)

e A/D trigger select register (ADTSR)

13.31 A/D Data Registers8to 19 (ADDR8 to ADDR19)

ADDRs are 16-bit read-only registers. The conversion result for each analog input channel is
stored in ADDR with the corresponding number. (For example, the conversion result of AN8is
stored in ADDRS.)

The converted 10-bit dataiis stored in bits 6 to 15. The lower 6 bits are always read 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, read the upper byte before the lower byte, or read in word unit. The
initial value of ADDR is H'0000.
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13.3.2 A/D Control/Status Registers0to 2 (ADCSR_0to ADCSR_2)

ADCSR for each module controls A/D conversion operations.

Initial
Bit Bit Name 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]

* When A/D conversion ends in single mode

* When A/D conversion ends on all specified channels
in scan mode

[Clearing conditions]

e When 0 is written after reading ADF = 1

*  When the DTC is activated by an ADI interrupt and
ADDR is read with the DISEL bit in DTMR of DTC =0

6 ADIE 0 R/W A/D Interrupt Enable

The A/D conversion end interrupt (ADI) request is
enabled when 1 is set

When changing the operating mode, first clear the ADST
bit in the A/D control registers (ADCRs) to 0.

ADM1 0 R/W A/D Mode 1 and O
4 ADMO 0 R/W Select the A/D conversion mode.
00: Single mode

a1

01: 4-channel scan mode
10: Setting prohibited
11: Setting prohibited

When changing the operating mode, first clear the ADST
bit in the A/D control registers (ADCRs) to 0.

3 O 1 R Reserved

This bit is always read as 1, and should only be written
with 1.

2 CH2 0 R/W Channel Select 2to0 0
CH1 0 R/W Select analog input channels. See table 13.2.

CHO 0 R/W When changing the operating mode, first clear the ADST
bit in the A/D control registers (ADCRS) to 0.

Note: * Only 0 can be written to clear the flag.
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Table13.2 Channel Select List

Analog Input Channels

Bit2 Bitl BitO Single Mode 4-Channel Scan Mode”
CH2 CHl1 CHO A/DO A/D1 A/D2 A/DO A/D1 A/D2
0 0 0 Setting Setting AN16 Setting Setting AN16
1 prohibited  prohibited AN17 prohibited prohibited AN16, AN17
1 0 AN18 AN16 to AN18
1 AN19 AN16 to AN19
1 0 0 ANS8 AN12 Setting ANS8 AN12 Setting
1 AN9 AN13 prohibited A\ng AN AN12, AN13  Prohibited
1 0 AN10 AN14 ANS8 to AN10 AN12 to AN14
1 AN11 AN15 AN8 to AN11 AN12 to AN15

Notes: * Continuous scan mode or single-cycle scan mode can be selected with the ADCS bit.

13.3.3 A/D Control Registers 0to 2 (ADCR_0to ADCR_2)

ADCR for each module controls A/D conversion started by an external trigger signal and selects

the operating clock.

Initial
Bit Bit Name  Value R/W Description
7 TRGE 0 R/W Trigger Enable
Enables or disables triggering of A/D conversion by
ADTRG, an MTU trigger, or an MMT trigger.
0: A/D conversion triggering is disabled
1: A/D conversion triggering is enabled
6 CKS1 0 R/W Clock Select 0 and 1
5 CKSO 0 R/W Select the A/D conversion time.

00: P@32
01: P@/16
10: P@/8
11: P@/4

When changing the A/D conversion time, first clear the
ADST bit in the A/D control registers (ADCRSs) to 0.

CKS[1,0] = b'11 can be set while P@< 25 MHz.
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Initial
Bit Bit Name  Value R/W Description
4 ADST 0 R/W A/D Start

Starts or stops A/D conversion. When this bit is set to 1,
A/D conversion is started. When this bit is cleared to 0,
A/D conversion is stopped and the A/D converter enters
the idle state. In single or single-cycle scan mode, this bit
is automatically cleared to 0 when A/D conversion ends
on the selected single channel. In continuous scan mode,
A/D conversion is continuously performed for the
selected channels in sequence until this bit is cleared by
a software, reset, or in software standby mode or module
standby mode.

3 ADCS 0 R/W A/D Continuous Scan

Selects either single-cycle scan or continuous scan in
scan mode. This bit is valid only when scan mode is
selected.

0: Single-cycle scan
1: Continuous scan

When changing the operating mode, first clear the ADST
bit in the A/D control registers (ADCRs) to 0.

2to0 O All 1 R Reserved

These bits are always read as 1, and should only be
written with 1.
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13.34 A/D Trigger Select Register (ADTSR)

The ADTSR enables an A/D conversion started by an external trigger signal.

Initial
Bit Bit Name Value R/W

Description

7,6 O AllO R

Reserved

These bits are always read as 0, and should only be
written with 0.

5 TRG2S1 O R/W
4 TRG2S0O O R/W

AD Trigger 2 Select 1 and 0

Enable the start of A/D conversion by A/D2 with a trigger
signal.

00: A/D conversion start by external trigger pin (ADTRG)
or MTU trigger is enabled

01: A/D conversion start by external trigger pin (ADTRG)
is enabled

10: A/D conversion start by MTU trigger is enabled
11: A/D conversion start by MMT trigger is enabled

When changing the operating mode, first clear the TRGE
and ADST bit in the A/D control registers (ADCRSs) to 0.

3 TRG1S1 O R/W
2 TRG1SO O R/W

AD Trigger 1 Select 1 and 0

Enable the start of A/D conversion by A/D1 with a trigger
signal.

00: A/D conversion start by external trigger pin (ADTRG)
or MTU trigger is enabled

01: A/D conversion start by external trigger pin (ADTRG)
is enabled

10: A/D conversion start by MTU trigger is enabled
11: A/D conversion start by MMT trigger is enabled

When changing the operating mode, first clear the TRGE
and ADST bit in the A/D control registers (ADCRs) to 0.
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Initial
Bit Bit Name Value R/W Description
1 TRGOS1 O R/W AD Trigger O Select 1 and 0
0 TRGOSO O R/W Enable the start of A/D conversion by A/DO with a trigger

signal.

00: A/D conversion start by external trigger pin (ADTRG)
or MTU trigger is enabled

01: A/D conversion start by external trigger pin (ADTRG)
is enabled

10: A/D conversion start by MTU trigger is enabled
11: A/D conversion start by MMT trigger is enabled

When changing the operating mode, first clear the TRGE
and ADST bit in the A/D control registers (ADCRs) to 0.

134  Operation

The A/D converter operates by successive approximation with 10-bit resolution. It hastwo
operating modes; single mode and scan mode. There are two kinds of scan mode: continuous
mode and single-cycle mode. When changing the operating mode or analog input channel, in order
to prevent incorrect operation, first clear the ADST bit to 0in ADCR. The ADST bit can be set at
the same time when the operating mode or analog input channel is changed.

13.4.1 SingleMode

In single mode, A/D conversion is to be performed only once on the specified single channel. The
operations are as follows.

1

A/D conversion is started when the ADST bit in ADCR is set to 1, according to software,
MTU, MMT, or external trigger input.

When A/D conversion is completed, the result is transferred to the A/D data register
corresponding to the channel.

On completion of conversion, the ADF bit in ADCSRisset to 1. If the ADIE bitissetto 1 at
thistime, an ADI interrupt request is generated.

The ADST bit remains set to 1 during A/D conversion. When A/D converion ends, the ADST
bit is automatically cleared to 0 and the A/D converter enterstheidle state.

When the ADST bit is cleared to 0 during A/D conversion, A/D conversion stops and the A/D
converter entersthe idle state.
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13.4.2 Continuous Scan Mode

In continuous scan mode, A/D conversion is to be performed sequentially on the specified
channels (four channels maximum).

1

When the ADST bit in ADCR is set to 1 by software, MTU, MMT, or external trigger input,
A/D conversion starts on the channel with the lowest number in the group (AN8, AN9, ...,
AN11).

When A/D conversion for each channel is completed, the result is sequentially transferred to
the A/D dataregister corresponding to each channel.

When conversion of all the selected channels is completed, the ADF bitin ADCSR is set to 1.
If the ADIE hit isset to 1 at thistime, an ADI interrupt is requested after A/D conversion ends.
Conversion of the first channel in the group starts again.

Steps 2 to 3 are repeated as long asthe ADST bit remains set to 1. When the ADST bit is
cleared to 0, A/D conversion stops and the A/D converter entersthe idle state.

13.4.3 Single-Cycle Scan Mode

In single-cycle scan mode, A/D conversion isto be performed once on the specified channels (four
channels maximum).

1

When the ADST bitin ADCRis set to 1 by a software, MTU, MMT, or external trigger input,
A/D conversion starts on the channel with the lowest number in the group (AN8, AN9, ...,
AN11).

When A/D conversion for each channel is completed, the result is sequentially transferred to
the A/D dataregister corresponding to each channel.

When conversion of all the selected channelsis completed, the ADF hitin ADCSR isset to 1.
If the ADIE hit isset to 1 at thistime, an ADI interrupt is requested after A/D conversion ends.
After A/D conversion ends, the ADST bit is automatically cleared to 0 and the A/D converter
entersthe idle state. When the ADST hit is cleared to O during A/D conversion, A/D
conversion stops and the A/D converter entersthe idle state.
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13.4.4  Input Sampling and A/D Conversion Time

The A/D converter has a built-in sample-and-hold circuit for each module. The A/D converter
samples the analog input when the A/D conversion start delay time (t,) has passed after the ADST
bitin ADCR is set to 1, then starts conversion. Figure 13.2 showsthe A/D conversion timing.
Table 13.3 shows the A/D conversion time.

Asindicated in figure 13.2, the A/D conversion time (t_,,) includest, and the input sampling time
(ts)- Thelength of t, varies depending on the timing of the write accessto ADCR. The total
conversion time therefore varies within the ranges indicated in table 13.3.

In scan mode, the values given in table 13.3 apply to the first conversion time. The values given
in table 13.4 apply to the second and subsequent conversions.

A/D conversion time (tcony)

A/D conversion start Analog input
delay time(tp) sampling time(tspL

Write cycle
A/D synchronization time
(Up to

(3states) | 59 gtates)

Po J
Internal write
signal | |

ADST write timing

Analog input

sampling ((

signal X
(

A/D converter Idle state Sample-and-hold |A/D conversion{){)
)

ADF

((
Y End of A/D conversion

Figure13.2 A/D Conversion Timing
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Table 13.3 A/D Conversion Time (Single Mode)

CKS1=0 CKS1=1

CKS0=0 CKS0=1 CKS0=0 CKS0=1
Item Symbol Min Typ Max Min Typ Max Min Typ Max Min Typ Max
A/D conversion  t, 31 O 62 15 O 30 7 O 14 3 O 6
start delay time
Input sampling tep O 256 O O 128 O O 64 O O 32 O
time
A/D conversion  t.,, 1024 O 1055 515 O 530 259 O 266 131 O 134
time

Note: All values represent the number of states for Pq.

Table13.4 A/D Conversion Time (Scan Mode)

CKs1 CKSO0 Conversion Time (State)
0 0 1024 (Fixed)

1 512 (Fixed)
1 0 256 (Fixed)

1 128 (Fixed)

13.45 A/D Converter Activation by MTU or MMT

The A/D converter can be independently activated by an A/D conversion request from the interval
timer of the MTU or MMT.

To activate the A/D converter by the MTU or MMT, set the A/D trigger select register (ADTSR).
After thisregister setting has been made, the ADST bit in ADCR is automatically set to 1 when an
A/D conversion request from the interval timer of the MTU or MMT occurs. The timing from
setting of the ADST bit until the start of A/D conversion is the same as when 1 iswritten to the
ADST hit by software.

13.4.6 External Trigger Input Timing

A/D conversion can be externaly triggered. When the TRGS0 and TRGSL bits are set to 00 or 01
in ADTSR, external trigger input is enabled at the ADTRG pin. A falling edge of the ADTRG pin
setsthe ADST hitto 1 in ADCR, starting A/D conversion. Other operations, in both single and
scan modes, are the same as when the ADST bit has been set to 1 by software. Figure 13.3 shows
the timing.
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o L L L L L

[ =—

External trigger
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)

ADST

((
2 A/D conversion

H

Figure13.3 External Trigger Input Timing

135 Interrupt Sourcesand DTC Transfer Requests

The A/D converter generates an A/D conversion end interrupt (ADI) upon the completion of A/D
conversion. ADI interrupt requests are enabled when the ADIE bit is set to 1 while the ADF hit in
ADCSR is set to 1 after A/D conversion is completed. The datatransfer controller (DTC) can be
activated by an ADI interrupt. Having the converted dataread by the DTC in response to an ADI
interrupt enables continuous conversion to be achieved without imposing aload on software.

The A/D converter can generate an A/D conversion end interrupt request. The ADI interrupt can
be enabled by setting the ADIE bit in the A/D control/status register (ADCSR) to 1, or disabled by
clearing the ADIE bit to 0. The DTC can be activated by an ADI interrupt. In this case an interrupt
regquest is not sent to the CPU.

When the DTC is activated by an ADI interrupt, the ADF bit in ADCSR is automatically cleared
when datais transferred by the DTC.

Table13.5 A/D Converter Interrupt Source

Name Interrupt Source Interrupt Source Flag DTC Activation

ADI A/D conversion completed ADF Possible
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13.6  Definitions of A/D Conversion Accuracy

ThisLSlI'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 13.4).

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 value B'0000000000 (H'000) to
B'0000000001 (H'001) (see figure 13.5).

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 13.5).

Nonlinearity error

The error with respect to the ideal A/D conversion characteristic between zero voltage and full-
scale voltage. Does not include offset error, full-scale error, or quantization error (see figure
13.5).

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
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000 | | | ( | | |
1 2 1022 1023 FS
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Analog

input voltage

Figure 13.4 Definitions of A/D Conversion Accuracy
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Figure 13.5 Definitionsof A/D Conversion Accuracy
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13.7  Usage Notes

13.71 Module Standby Mode Setting

Operation of the A/D converter can be disabled or enabled using the module standby control
register. The initial setting isfor operation of the A/D converter to be halted. Register accessis
enabled by clearing module standby mode. For details, refer to section 21, Power-Down Modes.

13.7.2 Permissible Signal Sour ce Impedance

ThisLSlI'sanalog input is designed such that conversion accuracy is guaranteed for an input signal
for which the signal sourceimpedance is 1 kQ or less (20 MHz to 25 MHZz), or 3 kQ or less (20
MHz 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 1 kQ or 3kQ, 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, theinput 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., 5mV/usor greater) (see figure 13.6). When converting a high-speed analog signal or
converting in scan mode, a low-impedance buffer should be inserted.

13.7.3  Influences on Absolute Accuracy

Adding capacitance results in coupling with GND, and therefore noisein GND may adversely
affect absolute precision. Be sure to make the connection to an electrically stable GND such as
AVss.

Careisaso required to insure that filter circuits do not interfere in the accuracy by the printed
circuit digital signals on the mounting board (i.e, acting as antennas).

Sensor output This LS A/D converter
impedance of equivalent circuit
up to 3 kQ or
up to 1 kQ 10 kQ

Sensor input ‘\N\," _I-_ _L W _L
gromees s 20 pF
! filter I ; 15 pF I I
Cto0.1pF :

Figure13.6 Exampleof Analog Input Circuit
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13.74 Rangeof Analog Power Supply and Other Pin Settings
If the conditions below are not met, the reliability of the device may be adversely affected.

» Anaog input voltage range
The voltage applied to analog input pin ANn during A/D conversion should be in the range
AVss< VAN < AVcec.

» Relationship between AVcc, AVssand Ve, Vss

Set AVss = Vssfor the relationship between AVce, AVssand Ve, Vss. If the A/D converter
is not used, the AVcc and AV'ss pins must not be |eft open.

13.75 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 (AN8 to AN19), 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 ground (Vss) on the board.

13.7.6  Noteson 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 (AN8 to AN19), between AVcc and AVss, as shown
in figure 13.7. Also, the bypass capacitors connected to AV cc and the filter capacitor connected to
AN8 to AN19 must be connected to AVss.

If afilter capacitor is connected, the input currents at the analog input pins (AN8 to AN19) 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
in the 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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/\/

. 1
o [] avce
Ri24& 1000
*1 O—W__WTE ANS to AN19
T T osw]
0.1 uF
o a [] Avss

/\_/

Notes: Values are reference values.

1.
10 UF zZ I

—IT

2. Rjn: Input impedance

0.01 pF

Figure 13.7 Exampleof Analog Input Protection Cir cuit

Table13.6 Analog Pin Specifications

Measurement
Item Min Max Unit conditions
Analog input capacitance ad 20 pF
Permissible signal source impedance g 3 kQ <20 MHz
ad 1 kQ 20 to 25 MHz
10 kQ
ANS8 to AN19 O—WT To A/D converter

I 20 pF

Note: Values are reference values.

Figure13.8 Analog Input Pin Equivalent Circuit
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Section 14 Compare Match Timer (CMT)

This LSl has an on-chip compare match timer (CMT) comprising two 16-bit timer channels. The
CMT has 16-bit counters and can generate interrupts at set intervals.

141  Features
The CMT hasthe following features:

« Four types of counter input clock can be selected

O One of four internal clocks (Pq/8, Pqg/32, P@/128, P@/512) can be selected independently
for each channel.

e Interrupt sources
O A compare match interrupt can be requested independently for each channel.
¢ Module standby mode can be set

Figure 14.1 shows a block diagram of the CMT.

P@32 P@512 P@32 P@512
cmio P8 | P@128 cMmi1 P@8 | P@128
S oo o b e
Control circuit | >|Clock selectionl | Control circuit | >|Clock selectionl
] ] ] \

d

-
-
%
%

. K
! |
X !
\ I
! :
X !
! |
| E |
o o !

AR R E 2| & £ :
I =18l |18 £ P ol |o P
. 21 1¢f [& sl |g ol o ) '
| zl 12|12 O = S| |2 = !
| o1 1°f [° o ol |o 3] :
1

I
1
! I
| ‘ Bus :
| Module bus interface X
1

I
1
------------------------------------ CMT——————————————~(— -
Legend: Internal bus
CMSTR: Compare match timer start register
CMCSR: Compare match timer control/status register
CMCOR: Compare match timer constant register
CMCNT: Compare match timer counter
CMI: Compare match interrupt

Figure14.1 CMT Block Diagram
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Section 14 Compare Match Timer (CMT)

14.

2 Register Descriptions

The CMT has the following registers for each channel. For details on register addresses and
register states during each processing, refer to appendix A, Internal 1/0O Register.

1421

Compare Match Timer Start Register (CMSTR)

Compare Match Timer Control/Status Register_0 (CMCSR_0)
Compare Match Timer Counter_0 (CMCNT_0)

Compare Match Timer Constant Register 0 (CMCOR_0)
Compare Match Timer Control/Status Register 1 (CMCSR_1)
Compare Match Timer Counter_1 (CMCNT_1)

Compare Match Timer Constant Register 1 (CMCOR_1)

Compare Match Timer Start Register (CMSTR)

The compare match timer start register (CMSTR) is a 16-bit register that selects whether to
operate or halt the channel 0 and channel 1 counters (CMCNT).

Initial
Bit Bit Name Value R/W Description
15t0 O All O R Reserved
2 These bits are always read as 0. The write value should
always be 0.
1 STR1 0 R/W Count Start 1
This bit selects whether to operate or halt compare match
timer counter_1.
0: CMCNT_1 count operation halted
1: CMCNT_1 count operation
0 STRO 0 R/W Count Start 0

This bit selects whether to operate or halt compare match
timer counter_0.

0: CMCNT_O count operation halted
1: CMCNT_0 count operation
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Section 14 Compare Match Timer (CMT)

14.2.2 CompareMatch Timer Control/Status Register 0Oand 1 (CMCSR_0, CMCSR_1)

The compare match timer control/status register (CMCSR) is a 16-bit register that indicates the
occurrence of compare matches, sets the enable/disable status of interrupts, and establishes the
clock used for incrementation.

Initial
Bit Bit Name Value R/W Description

15to O AllO R Reserved
8

These bits are always read as 0. The write value should
always be 0.

7 CMF 0 R/(W)*  Compare Match Flag

This flag indicates whether or not the CMCNT and
CMCOR values have matched.

0: CMCNT and CMCOR values have not matched
1: CMCNT and CMCOR values have matched
[Clearing conditions]

« Write 0 to CMF after reading 1 from it

* When the DTC is activated by an CMI interrupt and
data is transferred with the DISEL bit in DTMR of
DTC=0
6 CMIE 0 R/W Compare Match Interrupt Enable
This bit selects whether to enable or disable a compare

match interrupt (CMI) when the CMCNT and CMCOR
values have matched (CMF = 1).

0: Compare match interrupt (CMI) disabled
1: Compare match interrupt (CMI) enabled
5t02 O AllO R Reserved

These bits are always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W Description
1 CKS1 0 R/W These bits select the clock input to CMCNT among the
0 CKSO0 0 RIW four internal clocks obtained by dividing the peripheral

clock (P@). When the STR bit of CMSTR is set to 1,
CMCNT begins incrementing with the clock selected by
CKS1 and CKSO.

00: P8
01: P@/32
10: P@/128
11: P@/512

Note: * Only O can be written, for flag clearing.

14.23 CompareMatch Timer Counter_Oand 1 (CMCNT_0, CMCNT_1)

The compare match timer counter (CMCNT) is a 16-bit register used as an up-counter for
generating interrupt requests. The initial valueis H’ 0000.

14.24 Compare Match Timer Constant Register 0 and 1 (CMCOR_0, CMCOR_1)

The compare match timer constant register (CMCOR) is a 16-bit register that sets the period for
compare match with CMCNT. Theinitial value is H'FFFF.
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143  Operation

14.3.1 Cyclic Count Operation

When an internal clock is selected with the CKS1, CK S0 bits of the CMCSR register and the STR
bit of CMSTR isset to 1, CMCNT begins incrementing with the selected clock. When the
CMCNT counter value matches that of the compare match constant register (CMCOR), the
CMCNT counter is cleared to H'0000 and the CMF flag of the CMCSR register isset to 1. If the
CMIE bit of the CMCSR register is set to 1 at this time, a compare match interrupt (CMI) is
requested. The CMCNT counter begins counting up again from H'0000.

Figure 14.2 shows the compare match counter operation.

CMCNT value
Counter cleared by CMCOR
/ compare match
CMCOR f--mmmmmmmmmm e g
H'0000 P Time

Figure14.2 Counter Operation

1432 CMCNT Count Timing

One of four internal clocks (P@/8, P@/32, P@/128, P@/512) obtained by dividing the peripheral
clock (Pg) can be selected by the CKS1 and CK S0 bits of CMCSR. Figure 14.3 shows the timing.

S niniuliginiuiplinlinh

Internal _l
clock ()()

CMCNT
input clock ((
))

(
)
CMCNT N-1 X :') N ¢ X N+t

I
=

Figure 14.3 Count Timing
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144  Interrupts

1441 Interrupt Sources

The CMT has a compare match interrupt for each channel, with independent vector addresses
allocated to each of them. The corresponding interrupt request is output when interrupt request
flag CMF is set to 1 and interrupt enable bit CMIE has also been set to 1.

When activating CPU interrupts by interrupt request, the priority between the channels can be
changed by means of interrupt controller settings. See section 6, Interrupt Controller (INTC), for
details.

The data transfer controller (DTC) can be activated by an interrupt request. In this case, the
priority between channelsisfixed. See section 8, Data Transfer Controller (DTC), for details.

1442 CompareMatch Flag Set Timing

The CMF bit of the CMCSR register is set to 1 by the compare match signal generated when the
CMCOR register and the CMCNT counter match. The compare match signal is generated upon
the final state of the match (timing at which the CMCNT counter matching count value is
updated). Consequently, after the CMCOR register and the CMCNT counter match, a compare
match signal will not be generated until a CMCNT counter input clock occurs. Figure 14.4 shows
the CMF bit set timing.

Po T L L L
CMCNT | |
input clock

CMCNT N X 0

CMCOR N
Compare I_l
match signal

CMF |
CMI |

Figure14.4 CMF Set Timing
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1443 CompareMatch Flag Clear Timing

The CMF bit of the CMCSR register is cleared by writing O to it after reading 1 or the clearing
signal after the DTC transfer. Figure 14.5 shows the timing when the CMF bit is cleared by the
CPU.

CMCSR write cycle
T2

T1
[t
Po | | | | | | | |

CMF |

Figure14.5 Timing of CMF Clear by the CPU

145  Usage Notes

1451 Contention between CMCNT Writeand Compare Match

If acompare match signal is generated during the T2 state of the CMCNT counter write cycle, the
CMCNT counter clear has priority, so the writeto the CMCNT counter is not performed. Figure
14.6 shows the timing.

CMCNT write cycle

T T2
[«—r—r
o T
Address X cment X

Internal | |
write signal

Compare I_l
match signal

CMCNT N X H 0000

Figure14.6 CMCNT Writeand Compare Match Contention

Rev. 4.00 Dec 05, 2005 page 393 of 564
REJ09B0270-0400

RENESAS




Section 14 Compare Match Timer (CMT)

1452 Contention between CMCNT Word Write and I ncrementation

If an increment occurs during the T2 state of the CMCNT counter word write cycle, the counter
write has priority, so no increment occurs. Figure 14.7 shows the timing.

CMCNT write cycle

Po B I
Address X CMCNT X

Internal write

signal |_|
CMCNT I_l

input clock

CMCNT N X M

AN

CMCNT write data

Figure14.7 CMCNT Word Write and Increment Contention
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1453 Contention between CMCNT Byte Write and I ncrementation

If an increment occurs during the T2 state of the CMCNT byte write cycle, the counter write has
priority, so no increment of the write data results on the side on which the write was performed.
The byte data on the side on which writing was not performed is also not incremented, so the
contents are those before the write.

Figure 14.8 shows the timing when an increment occurs during the T2 state of the CMCNTH write
cycle.

CMCNT write cycle

T1 T2
e
Po JU UL L
Address X CMCNTH X

Internal write

signal |_|
CMCNT input | |
clock

CMCNTH N X M

\ CMCNTH write data

CMCNTL X X X

Figure14.8 CMCNT Byte Write and I ncrement Contention
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Section 15 Motor Management Timer (MMT)

Motor Management Timer (MMT) can output 6-phase PWM waveforms with non-overlap times.

Figure 15.1 shows a block diagram of the MMT.

15.1 Features

» Triangular wave comparison type 6-phase PWM waveform output with non-overlap times
* Non-overlap times generated by timer dead time counters

» Toggle output synchronized with PWM period

» Counter clearing on an external signal

e Datatransfer by DTC activation

¢ Generation of atrigger for the start of conversion by the A/D converter is available.

¢ Output-off functions

*  PWM output halted by external signal

¢ PWM output halted when oscillation stops

¢ Module standby mode can be set
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Motor Management Timer (MMT)

Orcio

P@to P@/1024
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©
g £ ° = 1
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M 1
Comparators X
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< T
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Magnitude comparators | :
1
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1
Legend:
TGR: Timer general register MMT_TMDR: Timer mode register
TBR: Timer buffer register TCNR: Timer control register
MMT_TDDR: Timer dead time data register MMT_TSR:  Timer status register
TPDR: Timer period data register MMT_TCNT: Timer counter
TPBR: Timer period buffer register TDCNT: Timer dead time counter
Td: Dead time Pg: Peripheral clock

Figure15.1 Block Diagram of MMT
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152

I nput/Output Pins

Table 15.1 shows the pin configuration of the MMT.

Table15.1 Pin Configuration

Name I/0 Function

PCIO Input/Output Counter clear signal input when set as an input by
PAIORL register: toggle output in synchronization with the
PWM cycle when set as an output by PAIORL register.

PUOA Output PWMU phase output (positive phase)

PUOB Output PWMU phase output (negative phase)

PVOA Output PWMV phase output (positive phase)

PVOB Output PWMV phase output (negative phase)

PWOA Output PWMW phase output (positive phase)

PWOB Output PWMW phase output (negative phase)
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153 Register Descriptions

The MMT has the following registers. For details on register addresses and the register states
during each processing, refer to appendix A, Internal 1/0 Register.

« Timer moderegister (MMT_TMDR")
» Timer control register (TCNR)

« Timer statusregister (MMT_TSR")

«  Timer counter (MMT_TCNT")

e Timer buffer register U (TBRU)

» Timer buffer register V (TBRV)

e Timer buffer register W (TBRW)

» Timer genera register UU (TGRUU)
e Timer genera register VU (TGRVU)
» Timer genera register WU (TGRWU)
e Timer genera register U (TGRU)

» Timer generd register V (TGRV)

e Timer genera register W (TGRW)

» Timer genera register UD (TGRUD)
e Timer genera register VD (TGRVD)
» Timer genera register WD (TGRWD)
e Timer dead time counter O (TDCNTO)
» Timer dead time counter 1 (TDCNT1)
e Timer dead time counter 2 (TDCNTZ2)
» Timer dead time counter 3 (TDCNT?3)
e Timer dead time counter 4 (TDCNT4)
» Timer dead time counter 5 (TDCNT5)
« Timer dead time dataregister (MMT_TDDR")
» Timer period buffer register (TPBR)

e Timer period dataregister (TPDR)

Note: * Inthis section, the names of these registers are further abbreviated to TMDR, TSR,
TCNT, and TDDR hereafter.
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1531 Timer Mode Register (MMT_TMDR)

The timer mode register (MMT_TMDR) sets the operating mode and selects the PWM output
level. In this section, the name of this register is abbreviated to TMDR hereafter.

Bit Bit Name

Initial
Value

R/W

Description

7 O

0

R

Reserved

These bits are always read as 0 and should only be
written with 0.

CKS2
CKs1
CKSO0

R/W
R/W
R/W

Clock Select2to 0

Selects the clock input to MMT.
000: Po

001: P4

010: P@/16

011: P@64

100: P@256

101: P@/1024

11x: Setting prohibited.

Note: x “don’t care”.

3 OLSN

R/W

Output Level Select N

Selects the negative phase output level in the operating
modes.

0: Active level is low
1: Active level is high

2 OLSP

R/W

Output Level Select P

Selects the positive phase output level in the operating
modes.

0: Active level is low
1: Active level is high
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Initial
Bit Bit Name  Value R/W Description
1 MD1 0 R/W Mode O to 3
0 MDO 0 R/W These bits set the timer operating mode.

00: Operation halted
01: Operating mode 1 (Transfer at TCNT = TPDR)
10: Operating mode 2 (Transfer at TCNT = TDDR x 2)

11: Operating mode 3 (Transfer at TCNT = TPDR or
TCNT = TDDR x 2)

15.3.2 Timer Control Register (TCNR)

The timer control register (TCNR) controls the enabling or disabling of interrupt requests, selects
the enabling or disabling of register access, and selects counter operation or halting.

Initial
Bit Bit Name Value R/W Description
7 TTGE 0 R/W A/D Start-Conversion request Enable

Enables or disables the generation of A/D start-
conversion requests when the TGFN or TGFM bit of the
timer status register (TSR) is set.

0: Disables request
1: Enables request

6 CST 0 R/W Timer Counter Start

Selects operation or halting of the timer counter (TCNT)
and timer dead time counter (TDCNT).

0: TCNT and TDCNT operation is halted
1: TCNT and TDCNT perform count operations

5 RPRO 0 R/W Register Protects

Enables or disables the reading of registers other than
TSR, and enables or disables the writing to registers
other than TBRU to TBRW, TPBR, and TSR. Writes to
TCNR itself are also disabled. Note that reset input is
necessary in order to write to these registers again.

0: Register access enabled
1: Register access disabled
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Initial
Bit Bit Name Value R/W Description
4t02 0O AllO R Reserved
These bits are always read as 0. Only 0 should be written
to these bits.
1 TGIEN 0 R/W TGR Interrupt Enable N
Enables or disables interrupt requests by the TGFN bit
when TGFN is set to 1 in the TSR register.
0: Interrupt requests by TGFN bit disabled
1: Interrupt requests by TGFN bit enabled
0 TGIEM 0 R/W TGR Interrupt Enable M

Enables or disables interrupt requests by the TGFM bit
when TGFM is set to 1 in the TSR register.

0: Interrupt requests by TGFM bit disabled
1: Interrupt requests by TGFM bit enabled
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1533 Timer Status Register (MMT_TSR)

The timer status register (MMT_TSR) holds status flags. (In this section, the name of this register
is abbreviated to TSR hereafter.)

Initial
Bit Bit Name Value

R/W

Description

7 TCFD 1

R

Count Direction Flag

Status flag that indicates the count direction of the TCNT
counter.

0: TCNT counts down
1: TCNT counts up

6to2 O AllO

Reserved

These bits are always read as 0 and should only be
written with 0.

1 TGFN 0

RI(W)*

Output Compare Flag N

Status flag that indicates a compare match between
TCNT and 2Td (Td: TDDR value).

[Setting condition]

*  When TCNT = 2Td

[Clearing condition]

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

0 TGFM 0

RI(W)*

Output Compare Flag M

Status flag that indicates a compare match between
TCNT and the TPDR register.

[Setting condition]

*  When TCNT = TPDR

[Clearing condition]

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

Note: * Can only be written with O for flag clearing.
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1534 Timer Counter (MMT_TCNT)

Thetimer counter (MMT_TCNT) isa 16-bit counter. The initial valueis H'0000. Only 16-bit
access can be used on MMT_TCNT; 8-bit accessis not possible. (In this section, the name of this
register is abbreviated to TCNT hereafter.)

15.35 Timer Buffer Registers (TBR)

The timer buffer registers (TBR) function as 16-bit buffer registers. The MMT has three TBR
registers, TBRU, TBRV, and TBRW, each of which has two addresses; a buffer operation address
(shown first) and a free operation address (shown second). A value written to the buffer operation
addressis transferred to the corresponding TGR at the timing set in bits MD1 and MDO in the
timer mode register (TMDR). A value set in the free operation address is transferred to the
corresponding TGR immediately. Theinitial value of TBR is H'FFFF. Only 16-bit access can be
used on the TBR registers; 8-bit accessis not possible.

1536 Timer General Registers (TGR)

The timer general registers (TGR) function as 16-bit compare registers. The MMT has nine TGR
registers, that are compared with the TCNT counter in the operating modes. The initial value of
TGR is H'FFFF. Only 16-bit access can be used on the TGR registers; 8-bit accessis not possible.

15.3.7 Timer Dead Time Counters (TDCNT)

The timer dead time counters (TDCNT) are 16-bit read-only counters. Theinitial value of TDCNT
is H'0000. Only 16-bit access can be used on the TDCNT counters; 8-bit accessis not possible.

15.3.8 Timer Dead Time Data Register (MMT_TDDR)

Thetimer dead time data register (MMT_TDDR) is a 16-bit register that sets the positive phase
and negative phase non-overlap time (dead time). Theinitial value of MMT_TDDR is H'FFFF.
Only 16-hit access can be used on MMT_TDDR,; 8-bit accessiis not possible. (In this section, the
name of this register is further abbreviated to TDDR hereafter.)
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1539 Timer Period Buffer Register (TPBR)

The timer period buffer register (TPBR) is a 16-bit register that functions as a buffer register for
the TPDR register. A value of 1/2 the PWM carrier period should be set as the TPBR value. The
TPBR value istransferred to the TPDR register at the transfer timing set in the TMDR register.
Theinitia value of TPBR is H'FFFF. Only 16-bit access can be used on TPBR; 8-hit access is not
possible.

15.3.10 Timer Period Data Register (TPDR)

The timer period dataregister (TPDR) functions as a 16-bit compare register. In the operating
modes, the TPDR register value is constantly compared with the TCNT counter value, and when
they match the TCNT counter changes its count direction from up to down. The initial value of
TPDR isH'FFFF. Only 16-hit access can be used on TPDR; 8-bit accessis not possible.

154  Operation

When the operating mode is selected, a 3-phase PWM waveform is output with a non-overlap
relationship between the positive and negative phases.

The PUOA, PUOB, PVOA, PVOB, PWOA, and PWOB pins are PWM output pins, the PCIO pin
(when set to output) functions as a toggle output synchronized with the PWM waveform, and the
PCIO0 pin (when set to input) functions as the counter clear signal input. The TCNT counter
performs up- and down-count operations, whereas the TDCNT counters perform up-count
operations.
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1541  Sample Setting Procedure

An example of the operating mode setting procedure is shown in figure 15.2.

Halt count operation

Set TCNT

Set dead time carrier period

Set TBR

Set PWM output level

Set operating mode

Set external pin functions

Start count operation

<Operating mode>

Clear the CST bit to 0 in the timer control register
(TCNR) to halt timer counter operation. Make the
operating mode setting while TCNT is halted.

Set 2Td (Td: dead time) in TCNT.

Set dead time Td in the dead time data register
(TDDR), set 1/2 the carrier period in the timer period
buffer register (TPBR), and set {TPBR value + 2Td}
in the timer period data register (TPDR).

Set the output PWM duty cycle {PWM duty cycle
initial value — Td} in the free operation addresses of
the buffer registers (TBRU, TBRV, TBRW).

Set the PWM output level with bits OLSN and OLSP
in the timer mode register (TMDR).

Set the operating mode in the timer mode register
(TMDR). The PUOA, PUOB, PVOA, PVOB, PWOA,
and PWOB pins are output pins.

Set the external pin functions with the pin function
controller (PFC).

Set the CST bitto 1 in TCNR to start the count
operation.

Figure15.2 Sample Operating Mode Setting Procedure
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Count Operation: Set 2Td (Td: value set in TDDR) astheinitial value of the TCNT counter
when CST bitin TCNR isset to 0.

When the CST hitissetto 1, TCNT counts up to {value set in TPBR + 2Td}, and then starts
counting down. When TCNT reaches 2Td, it starts counting up again, and continues in this way.

TCNT is constantly compared with TGRU, TGRV, and TGRW. In addition, it is compared with
TGRUU, TGRVU, TGRWU, and TPDR when counting up, and with TGRUD, TGRVD,
TGRWD, and 2Td when counting down.

TDCNTO to TDCNT5 are read-only counters. It is not necessary to set their initial values.

TDCNTO, TDCNTZ2, and TDCNT4 start counting up at the falling edge of a positive phase
compare match output when TCNT is counting down. When they become equal to TDDR they are
cleared to O and halt.

TDCNTL, TDCNTS3, and TDCNT5 start counting up at the falling edge of a negative phase
compare match output when TCNT is counting up. When they match TDDR they are cleared to O
and halt.

TDCNTO to TDCNTS5 are compared with TDDR only while a count operation isin progress. No
count operation is performed when the TDDR valueis 0.

Figure 15.3 shows an example of the TCNT count operation.

[ o o e T R E SELEREETREREEER R
2Td
TPDR
TGRUU
TGRU 1/2 period
(TPBR)
TGRUD
2Td -
2Td
H'0000 I Td

Figure 15.3 Example of TCNT Count Operation
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Register Operation: In the operating modes, four buffer registers and ten compare registers are
used.

The registers that are constantly compared with the TCNT counter are TGRU, TGRV, and
TGRW. In addition, TGRUU, TGRVU, TGRWU, and TPDR are compared with TCNT when
TCNT is counting up, and TGRUD, TGRVD, TGRWD are compared with TCNT when TCNT is
counting down. The buffer register for TPDR is TPBR; the buffer register for TGRUU, TGRU,
and TGRUD is TBRU; the buffer register for TGRVU, TGRV, and TGRVD is TBRV; and the
buffer register for TGRWU, TGRW, and TGRWD is TBRW.

To change compare register data, the new data should be written to the corresponding buffer
register. The buffer registers can be read and written to at all times. Data written to the buffer
operation addresses for TPBR and TBRU to TBRW istransferred at the timing specified by bits
MD1 and MDO in the timer mode register (TMDR). Data written to the free operation addresses
for TBRU to TBRW istransferred immediately.

After datatransfer is completed, the relationship between the compare registers and buffer
registersisasfollows:

TGRU (TGRV, TGRW) value = TBRU (TBRV, TBRW) value + Td (Td: value set in TDDR)
TGRUU (TGRVU, TGRWU) value= TBRU (TBRV, TBRW) vaue + 2Td

TGRUD (TGRVD, TGRWD) value= TBRU (TBRV, TBRW) vaue

TPDR value = TPBR value + 2Td

The values of TBRU to TBRW should always be set in the range H'0000 to H'FFFF — 2Td, and the
value of TPBR should always be set in the range H'0000 to H'FFFF — 4Td.

Figure 15.4 shows examples of counter and register operations.
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TDCNT

%2 TGRUU
——®H—{ TGRW
TGRWU | (TBR +2Td)
TGRU
TDDR ) TGRV
&
(TBR + Td) >—
T TGRW |
TCNT
TBRU TGRUD I :
TBRV TGRVD
TBRW TGRWD (TBR)
(TBR)
(1/2 period + 2Td)
TPBR ® TPDR
(1/2 period) L .
>—- Compared during
up-count
TCNT
) — .
TDDR X Compared during
(2Td) down-count
(Td)
TDDR | (Td)

L
Up-count — compare match — halt
——

Compared during
up-count

Constantly
compared

Compared during
down-count

Up-count — compare
match — down-count

Down-count — compare
match — up-count

Figure 154 Examplesof Counter and Register Operations

Initial Settings: In the operating modes, there are five registers that require initialization.

Make the following register settings before setting the operating mode with bits MD1 and MDO in
the timer mode register (TMDR).

Set the timer period buffer register (TPBR) to 1/2 the PWM carrier period, set dead time Td in the
timer dead time dataregister (TDDR) (when outputting an ideal waveform, Td = H'0000), and set
{TPBR value + 2Td} in the timer period data register (TPDR).
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Set { PWM duty initial value— Td} in the free write operation addresses for TBRU to TBRW.

The values of TBRU to TBRW should always be set in the range H'0000 to H'FFFF — 2Td, and the
value of TPBR should always be set in the range H'0000 to H'FFFF — 4Td.

PWM Output Active Level Setting: In the operating modes, the active level of PWM pulsesis
set with bits OLSN and OL SP in the timer mode register (TMDR).

The output level can be set for the three positive phases and the three negative phases of 6-phase
output. The operating mode must be exited before setting or changing the output level.

Dead Time Setting: In the operating modes, PWM pulses are output with a non-overlap
relationship between the positive and negative phases. This non-overlap time is known as the dead
time. The non-overlap timeis set in the timer dead time data register (TDDR). The dead time
generation waveform is generated by comparing the value set in TDDR with the timer dead time
counters (TDCNT) for each phase. The operating mode must be exited before changing the
contents of TDDR.

PWM Period Setting: In the operating modes, 1/2 the PWM pulse period is set in the TPBR
register. The TPBR value should always be set in the range H'0000 to H'FFFF — 4Td. The value
set in TPBR istransferred to TPDR at the timing selected with bits MD1 and MDO in the timer
mode register (TMDR). After the transfer, the value in TPDR is{ TPBR value + 2Td} .

The new PWM period is effective from the next period when datais updated at the TCNT counter
crest, and from the same period when data is updated at the trough.

Register Updating: In the operating modes, buffer registers are used to update compare register
data. Update data can be written to a buffer register at all times. The buffer register valueis
transferred to the compare register at the timing set by bits MD1 and MDO in the timer mode
register (TMDR) (except in the case of awrite to the free operation address for TBRU to TBRW,
in which case the value is transferred to the corresponding compare register immediately).

Initial Output in Operating Modes: The initial output in the operating modes is determined by
theinitial values of TBRU to TBRW.

Table 15.2 shows the relationship between the initial value of TBRU to TBRW and the initial
output.
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Table 15.2 Initial Values of TBRU to TBRW and Initial Output

Initial Output
Initial Value of TBRU to TBRW OLSP=1,0LSN=1 OLSP =0,0LSN =0
TBR = H'0000 Positive phase: 1 Positive phase: 0
Negative phase: 0 Negative phase: 1
H'0000 < TBR < Td Positive phase: 0 Positive phase: 1
Negative phase: 0 Negative phase: 1
Td < TBR < H'FFFF — 2Td Positive phase: 0 Positive phase: 1
Negative phase: 1 Negative phase: 0

PWM Output Generation in Operating M odes: In the operating modes, a 3-phase PWM
waveform is output with anon-overlap relationship between the positive and negative phases. This
non-overlap timeis called the dead time.

The PWM waveform is generated from an output generation waveform generated by ANDing the
compare output waveform with the dead time generation waveform. Waveform generation for one
phase (the U-phase) is shown here. The V-phase and W-phase waveforms are generated in the
same way.

1. Compare Output Waveform
The compare output waveform is generated by comparing the valuesin the TCNT counter and
the TGR registers.
For compare output waveform U phase A (CMOUA), Oisoutput if TGRUU > TCNT inthe T1
interval (when TCNT is counting up), and 1 isoutput if TGRUU < TCNT. In the T2 interval
(when TCNT is counting down), O isoutput if TGRU > TCNT, and 1 isoutput if TGRU <
TCNT.
For compare output waveform U phase B (CMOUB), 1 isoutput if TGRU > TCNT inthe T1
interval, and O isoutput if TGRU < TCNT. Inthe T2 interval, 1 isoutput if TGRUD > TCNT,
and O isoutput if TGRUD < TCNT.

2. Dead Time Generation Waveform
For dead time generation waveform U phases A (DTGUA) and B (DTGUB), 1 is output asthe
initial value.
TDCNTO starts counting at the falling edge of CMOUA. DTGUA outputs O if TDCNTO is
counting, and 1 otherwise.
TDCNT1 starts counting at the falling edge of CMOUB. DTGUB outputs 0 if TDCNT1is
counting, and 1 otherwise.
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3. Output Generation Waveform
Output generation waveform U phase A (OGUA) is generated by ANDing CMOUA and
DTGUB, and output generation waveform U phase B (OGUB) is generated by ANDing
CMOUB and DTGUA.

4. PWM Waveform
The PWM waveform is generated by converting the output generation waveform to the output
level setin bits OLSN and OLSP in the timer mode register (TMDR).
Figure 15.5 shows an example of PWM waveform generation (operating mode 3, OLSN =1,
OLSP=1).

When writing to free
operation address

TPDR

2Td

Compare output
waveform

Dead time generation
waveform

Output generation
waveform

—
[ [ L
[

PWM waveform

L AL 2

[ L

Figure 155 Example of PWM Waveform Generation

0% to 100% Duty Cycle Output: In the operating modes, PWM waveforms with any duty cycle
from 0% to 100% can be output. The output PWM duty cycleis set using the buffer registers
(TBRU to TBRW).

100% duty cycle output is performed when the buffer register (TBRU to TBRW) valueis set to
H'0000. The waveform in this case has positive phase in the 100% on state. 0% duty cycle output
is performed when avalue greater than the TPDR valueis set as the buffer register (TBRU to
TBRW) value. The waveform in this case has positive phase in the 100% off state.
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External Counter Clear Function: In the operating modes, the TCNT counter can be cleared
from an external source. When using the counter clearing function, port A 1/O register L
(PAIORL) should be used to set the PCIO pin as an input.

On the falling edge of PCIO pin (when set to input), the TCNT counter is reset to 2Td (the initial
setting). It then counts up until it reaches the value in TPDR, then starts counting down. When the
count returnsto 2Td, TCNT starts counting up again, and this sequence is repeated. Figure 15.6
shows the example for counter clearing.

TPDR

2Td
H'0000

PCIO
(counter clear
input)

Figure15.6 Exampleof TCNT Counter Clearing

Toggle Output Synchronized with PWM Cycle: In the operating modes, output can be toggled
synchronously with the PWM carrier cycle. When outputting the PWM cycle, the pin function
controller (PFC) should be used to set the PCIO pin as an output(when set to output). An example
of the toggle output waveform is shown in figure 15.7.

PWM cycle output is toggled according to the TCNT count direction. The toggle output pinis
PCIO (when set to output). PCIO outputs 1 when TCNT is counting up, and 0 when counting
down.
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TPDR

2Td
H'0000

PCIO pin
(toggle output)

Figure 15.7 Example of Toggle Output Waveform Synchronized with PWM Cycle

Settingsfor A/D Start-Conversion Requests. Requests to start A/D conversion can be set up to
be issued when TCNT matches TPDR or 2Td. When the start requests are set up for issue when
TCNT matches TPDR, A/D conversion will start at the center of the PWM pulse (the peak value
of the TCNT counter). When the start requests are set up for issue when TCNT matches 2Td, A/D
conversion will start on the edge of the PWM pulse (the minimum value of the TCNT counter).
Requests to start A/D conversion is enabled by setting the bit TTGE in the timer control register
(TCNR) to 1.

Table 15.3 shows the relationship between A/D conversion start timing and operating mode.

Table 15.3 Relationship between A/D Conversion Start Timing and Operating M ode

Operating mode A/D conversion start timing
Operating mode 1 (transfer at peak) A/D conversion start at bottom
Operating mode 2 (transfer at bottom) A/D conversion start at peak

Operating mode 3 (transfer at peak and valley) A/D conversion start at peak and bottom
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15.4.2  Output Protection Functions
Operating mode output has the following protection functions:

e Halting MMT output by external signal
The 6-phase PWM output pins can be placed in the high-impedance state automatically by
inputting a specified external signal. There are three external signal input pins. For details, see
section 15.8, Port Output Enable (POE).

e Halting MMT output when oscillation stops
The 6-phase PWM output pins are placed in the high-impedance state automatically when
stoppage of the clock input is detected. However, pin states are not guaranteed when the clock
is restarted.

155  Interrupts

When the TGFM (TGFN) flag is set to 1 in the timer status register (TSR) by a compare match
between TCNT and the TPDR register (2Td), and if the TGIEM (TGIEN) bit setting in the timer
control register (TCNR) is 1, aninterrupt is requested. The interrupt request is cleared by clearing
the TGF flag to 0.

Table15.4 MMT Interrupt Sources

Name Interrupt Source Interrupt Flag DTC Activation
TGIMN Compare match between TCNT and TPDR TGFM Yes
TGINN Compare match between TCNT and 2Td TGFN Yes

The on-chip DTC can be activated by a compare match between TCNT and TPDR or between
TCNT and 2Td.

The on-chip A/D converter can be activated when TCNT matches TPDR or 2Td. When the TGF
flag in the timer status register (TSR) is set to 1 asaresult of either match corresponding, a request
to start A/D conversion is sent to the A/D converter. If the start-conversion trigger of the MMT is
selected in the A/D converter at that time, A/D conversion starts up.
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156  Operation Timing

15.6.1 Input/Output Timing
TCNT and TDCNT Count Timing: Figure 15.8 showsthe TCNT and TDCNT count timing.

G U I I I

TCNT, Xn =3 N—2XN-1) N XN+ 1XN+2 N3y nraX

TDCNT

Figure 15.8 Count Timing

TCNT Counter Clearing Timing: Figure 15.9 showsthe timing of TCNT counter clearing by an
external signal.

Py EREREREREREREEERERE
Counter clear I_l

signal
TCNT XN =3XN—2XN— 1) N XN+ 1) 27d Xerd+ Nera+ )
TDDR Td

Figure15.9 TCNT Counter Clearing Timing
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TDCNT Operation Timing: Figure 15.10 shows the TDCNT operation timing.

Py S I I

CMO I
1
1

TDCNT H'0000 XrooolY - - .- XTd-1X Td YH0000
1

TDDR : Td

Compare match
signal

DTG |
TDCNT clear I_l
signal

Notes: CMO: Compare match flag of TGR + TDDR and TCNT
DTG: Operation signal of TDCNT

Figure15.10 TDCNT Operation Timing
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Buffer Operation Timing: Figure 15.11 shows the compare match buffer operation timing.

Po I I I S A I
Compare match | | | |
signal

><- - -
P4
o
>
%
=
><
N
a
S
=)
=
=]

TCNT _
XN-1X N ) .

1 1
1 1
1 1

TPDR MO + 2Td X M1 + 2Td X M2 + 2Td
| |

TPBR Mo X ML X M2
I I

TDDR | Td |

TGRUU, TGRVU,

TGRWU LO +2Td

L1+ 2Td X L2 +2Td
TGRU, TGRV,

1
1
X
1
TeRY: L0+ Td ):( L1+Td ~ X 2+ Td

1
1
X
|
1
1

TGRUD, TGRVD,

TORWD LO L1 x. L2
1

TBRU, TBRYV, :

TBRW Lo X L1 X b2

Figure15.11 Buffer Operation Timing
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15.6.2 Interrupt Signal Timing

Timing of TGF Flag Setting by Compare Match: Figure 15.12 shows the timing of setting of
the TGF flag in the timer status register (TSR) on a compare match between TCNT and TPDR,
and the timing of the TGI interrupt request signal. The timing is the same for a compare match

between TCNT and 2Td.

Py I I A O O I
TCNT ) CED (ED CEE T (R (TP CEB) (XD @

TPDR N

Compare match I_l
signal

TGF flag |

TGl interrupt |

Figure15.12 TGI Interrupt Timing
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Status Flag Clearing Timing: A statusflag is cleared when the CPU reads 1 from the flag, then O
iswritten to it. When the DTC controller is activated, the flag is cleared automatically. Figure
15.13 shows the timing of status flag clearing by the CPU, and figure 15.14 shows the timing of
status flag clearing by the DTC.

TSR write cycle

T1 T2
e
G I O O
Address XTSR address X

Write signal | I

Status flag |

Interrupt
request |
signal

Figure 15.13 Timing of Status Flag Clearing by CPU

DTC DTC
read cycle write cycle

L T1 T2 T1 | T2
I I | I |

N I A I I [ A I

Address XSource addressX)estination addressX

Status flag |

Interrupt |
request signal

Figure15.14 Timing of StatusFlag Clearing by DTC Controller
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15.7  Usage Notes

1571 Module Standby Mode Setting

MMT operation can be disabled or enabled using the module standby control register. The initial
setting isfor MMT operation to be halted. Register access is enabled by clearing module standby
mode. For details, refer to section 21, Power-Down Modes.

15.7.2 Notesfor MMT Operation

Note that the kinds of operation and contention described below occur during MMT operation.

Contention between Buffer Register Write and Compare Match: If acompare match occursin
the T2 state of abuffer register (TBRU to TBRW, or TPBR) write cycle, datais transferred from
the buffer register to the compare register (TGR or TPDR) by a buffer operation. The data
transferred is the buffer register write data.

Figure 15.15 shows the timing in this case.

Buffer register
write cycle

Ty Te

Po LT L e

Address >< Buffer register ><
address

Write signal | I

Compare match

signal | |

Interrupt request |

signal

Buffer register write data
Buffer register N X M
Compare register X M

Figure15.15 Contention between Buffer Register Write and Compare Match
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Contention between Compare Register Write and Compare Match: If acompare match
occursin the T2 state of acompare register (TGR or TPDR) write cycle, the compare register
write is not performed, and data is transferred from the buffer register (TBRU, TBRV, TBRW, or
TPBR) to the compare register by a buffer operation.

Figure 15.16 shows the timing in this case.

Compare register
write cycle

T2
P UL

Compare register ><
Address gddresg
Write signal | I
Compare match I_l
signal

Interrupt request |
signal

Buffer register N

Compare register X N

Figure15.16 Contention between Compare Register Write and Compare Match
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Pay Attention to the Notices Below, When a Valueis Written into the Timer General
Register U (TGRU), Timer General Register V (TGRV), Timer General Register W
(TGRW), and in Case of Written into Free Operation Address (*):

* Incaseof counting up: Do not write avalue { Previous value of TGRU + Td} into TGRU.
* Incase of counting down: Do not write avalue { Previous value of TGRU - Td} into TGRU.

In the same manner to TGRV and TGRW. When avalue { Previous value of TGRU + Td} is
written (in case of counting down { Previous value of TGRU - Td}), the output of PUOA/PUOB,
PVOA/PVOB, PWOA/PWOB (corresponding to U, V, W phase) may not be output for 1 cycle.
Figure 15.17 shows the error case. When writing into the buffer operation address, these notes are
not relevant.

Note: * When addresses, H'FFFF8A1C, H'FFFF8A2C, H'FFFF8A3C are used as register
address for TBRU, TBRV, TBRW, respectively.

a

TGRU
PreviousTGRU

PreviousTGRU
TGRU

2Td 2Td

Count-up Count down

Figure15.17 Writinginto Timer General Registers (When One Cycleis Not Output)

Writing Operation into Timer Period Data Register (TPDR) and Timer Dead Time Data
Register (TDDR) When MMT is Operating:

» Do not revise TPDR register when MMT is operating. Always use a buffer-write operation
through TPBR register.

» Do not revise TDDR register once an operation of MMT isinvoked. When TDDR isrevised, a
wave may not be output for as much as 1 cycle (full count period of 16 bitsin TDCNT),
because a value cannot be written into TDCNT, which is compared to avalue set in TDDR.
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Noteson Halting TCNT Counter Operation: If TCNT counter operation is halted, a PCM
waveform may be output with dead time (non-overlap time) shorter than the value set in the timer
dead time register (MMT_TDDR) or no dead time at all (value of 0). To prevent this, use one of
the following methods.

(a) Set the CST hit in the timer control register (TCNR) to 1 and do not clear it to O after MMT
counter operation starts. If the CST bit is cleared to 0, do not set it to 1 again.

(b) When setting, clearing, and then resetting the CST bit, use the following procedure for clearing
and then resetting.
(1) Use the pin function controller (PFC) to set the PWM output pin as a general input port.
(2) Set the free operation addresses for all the buffer registers (TBRU, TBRV, and TBRW) to
H'0000.
(3) After the specified dead time duration has elapsed, set TCNR to H'00 and clear the CST hit
to 0.

(4) Once again, set the CST bit to 1.

(c) When setting, clearing, and then resetting the CST bit, use the following procedure for clearing
and then resetting.
(1) Clear the CST bit in TCNR to 0 to halt counter operation.
(2) Use the pin function controller to set the PWM output pin as a general input port.

(3) Clear the MSTP14 bit in module standby control register 2 (MSTCR2) to O to transition to
module standby mode, and initialize the internal status of MMT.

(4) Immediately set the MSTP14 hit to 1 to transition back from module standby mode.
Reinitiaize MMT and the pin.

(5) Set the CST bit in TCNR to 1 to restart counter operation.
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15.8 Port Output Enable (POE)

The port output enable (POE) circuit enables the MM T’ s output pins (POUA, POUB, POVA,
POV B, POWA, and POWB) to be placed in the high-impedance state by varying the input to pins
POE4 to POE6. An interrupt can also be requested at the same time.

In addition, the MM T’ s output pins will also enter the high-impedance state in standby mode or
when the oscillator halts.

1581 Features
The POE circuit has the following features:

e Faling edge, P@/8 x 16 times, P@/16 x 16 times, or P@/128 x 16 times low-level sampling can
be set for each of input pins POE4 to POESG.

«  The MMT’soutput pins can be placed in the high-impedance state at the falling edge or low-
level sampling of pins POE4 to POE6.

« Aninterrupt can be generated by input level sampling.

------------------------------------------------------------------------------- High impedance request
- control signal

ICSR2 I Interrupt request
(MMTPOE)

Input level detection circuit

: Falling edge
POE6 — detection circuit
POE5 — |
POE4 — Low level

: detection circuit

Figure 15.18 Block Diagram of POE
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15.8.2  Input/Output Pins
Tablel5.5 shows the pin configuration of the POE circuit.

Table 15.5 Pin Configuration

Name Abbreviation 110 Function

Port output enable input pins  POE4 to POE6  Input Input request signals for placing
MMT’s output pins in high-impedance
state

15.8.3  Register Description
The POE circuit has the following register.
» Input level control/status register (ICSR2)

Input Level Control/Status Register (ICSR2): The input level control/status register (ICSR2) is
a 16-bit readable/writable register that selects the input mode for pins POE4 to POE6, controls
enabling or disabling of interrupts, and holds status information.

Initial
Bit Bit Name Value R/W Description
15 O 0 R Reserved
This bit is always read as 0 and should only be written
with 0.
14 POE6F 0 R/(W)* POES Flag
Indicates that a high impedance request has been input to
the POES® pin.

[Clearing condition]

e When 0 is written to POEGF after reading POE6F = 1

[Setting condition]

e When the input set by bits 4 and 5 of ICSR2 occurs at
the POES pin
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Initial
Bit Bit Name Value R/W Description
13 POE5F O R/I(W)*  POES5 Flag
Indicates that a high impedance request has been input to
the POES5 pin.
[Clearing condition]
e When 0 is written to POESF after reading POE5SF = 1
[Setting condition]
e When the input set by bits 2 and 3 of ICSR2 occurs at
the POES5 pin
12 POE4F 0 RI(W)*  POE4 Flag
Indicates that a high impedance request has been input to
the POEA4 pin.
[Clearing condition]
e When 0 is written to POE4F after reading POE4F = 1
[Setting condition]
« When the input set by bits 0 and 1 of ICSR2 occurs at
the POE4 pin
11t09 O All O R Reserved
These bits are always read as 0 and should only be
written with 0.
8 PIE 0 R/W Port Interrupt Enable
Enables or disables an interrupt request when 1 is set in
any of bits POE4F to POE6F in ICSR2.
0: Interrupt request disabled
1: Interrupt request enabled
7,6 O AllO R Reserved

These bits are always read as 0 and should only be
written with 0.
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Bit

Initial
Bit Name Value

R/W

Description

5
4

POE6M1 O
POE6MO O

R/W
R/W

POE6 Mode 1 and O
These bits select the input mode of the POES pin.
00: Request accepted at falling edge of POES6 input

01: POES6 input is sampled for low level 16 times every
P@8 clock, and request is accepted when all samples
are low level

10: POES input is sampled for low level 16 times every
P@16 clock, and request is accepted when all
samples are low level

11: POES input is sampled for low level 16 times every
P@128 clock, and request is accepted when all
samples are low level

POE5M1 O
POE5MO0 O

R/W
R/W

POES5 Mode 1 and 0
These bits select the input mode of the POES5 pin.
00: Request accepted at falling edge of POES5 input

01: POES5 input is sampled for low level 16 times every
P@8 clock, and request is accepted when all samples
are low level

10: POES5 input is sampled for low level 16 times every
P@16 clock, and request is accepted when all
samples are low level

11: POES5 input is sampled for low level 16 times every
P@128 clock, and request is accepted when all
samples are low level

POE4M1 O
POE4MO O

R/W
R/W

POE4 Mode 1 and 0
These bits select the input mode of the POE4 pin.
00: Request accepted at falling edge of POE4 input

01: POE4 input is sampled for low level 16 times every
P@8 clock, and request is accepted when all samples
are low level

10: POE4 input is sampled for low level 16 times every
P@/'16 clock, and request is accepted when all
samples are low level

11: POE4 input is sampled for low level 16 times every
P@128 clock, and request is accepted when all
samples are low level

Note:

Only 0 can be written to clear the flag.
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15.84  Operation

Input Level Detection: When the input condition set in ICSR2 occurs on any one of the POE
pins, the MMT output pins go to the high-impedance state.

e Pinsplaced in the high-impedance state (the MM T’ s output pins)
The six pins PWOB, PWOA, PVOB, PVOA, PUOB, PUOA in the motor management timer
(MMT) are placed in the high-impedance state.

Note: These pinsare in the high-impedance state only when each pin is used as the general
input/output function or MMT output pin.

1. Faling edge detection
When atransition from high- to low-level input occurs on aPOE pin

2. Low level detection
Figure 15.19 shows the low level detection operation. Low level sampling is performed 16
timesin succession using the sampling clock set in ICSR2. The input is not accepted if a high
level is detected even once among these samples.
The timing of entry of the MMT's output pinsinto the high-impedance state from the sampling
clock isthe same for falling edge detection and low level detection.

8, 16, or

) FU_U_ULU_LPUU_U_LPUU_U'LPUU_U'U_L

Sampling clock [ . Il . 1 M

)7 7 SS .

POE input \ 1 Ite l P l Ite L_/_
)7 )T )7 R

PUOA | ( I | {

All low-level samples

High-impedance state

[1] [2] [3] e [16]; Flag set (POE accepted)

At least one high-level

sample (1] 22 [13]" Flag not set

Note: The other MMT output pins also go to the high-impedance state at the same timing.

Figure15.19 Low Level Detection Operation
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Exiting High-Impedance State: The MMT output pins that have entered the high-impedance
state by the input level detection are released from this state by restoring them to their initial states
by means of a power-on reset, or by clearing al the POE flagsin ICSR2 (POEA4F to POE6GF: bits
12 to 14).

1585 Usage Note

1. To set the POE pin as a level-detective pin, ahigh level signal must be firstly input to the POE
pin.

2. Toclear bits POE4F, POES5F, and POEGF to 0, read the ICSR2 register. Clear bits, which are
read as 1, to 0, and write 1 to the other bits in the register.
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Section 16 Pin Function Controller (PFC)

The pin function controller (PFC) is composed of those registers that are used to select the
functions of multiplexed pins and assign pinsto be inputs or outputs. Tables 16.1 to 16.5 list the
multiplexed pins of SH7046 Group devices.

Tables 16.6 list the pin functionsin each operating mode.

Table16.1 Multiplexed Pins (Port A)

Function1  Function 2  Function 3 Function 4 Function5 Function 6 Function7  Function 8

(Related (Related (Related (Related (Related (Related (Related (Related
Port  Module) Module) Module) Module) Module) Module) Module) Module)
A PAO I/O O ] O O POEO input RXD2input O

(port) (port) (SCl)

PA11/O O O O O POE1 input  TXD2 output O

(port) (port) (SCl)

PA21/0 O O IRQO input 0 PCIO I/O SCK2 I/0 0

(port) (INTC) (MMT) (sci

PA3 1/0 ] 0 ] 0 POE4 input  RXD3input O

(port) (port) (SCl)

PA41/0 O ] O ] POE5 input  TXD3 output 0O

(port) (port) (SCl)

PA5 1/0 0 O IRQ1 input O POEG6 input  SCK3 I/O O

(port) (INTC) (port) (SCl)

PA6 1/0 TCLKA 0 0 0 RXD2input O 0

(port) input (MTU) (SCi)

PA7 110 TCLKB 0 0 0 TXD2 output O 0

(port) input (MTU) (SCi1)

PA8 1/0 TCLKC IRQ2 input O O RXD3input 0O O

(port) input (MTU)  (INTC) (SClI)

PA9 1/O TCLKD IRQ3 input 0 0 TXD3 output O O

(port) input (MTU)  (INTC) (SCi)

PA10 1/0 ] 0 ] 0 SCK2 1/0 0 0

(port) (scn

PA111/0 ] ADTRG input O 0 SCK31/0 0 0

(port) (A/D) (SCi)

PA12 I/O O UBCTRG O O O O O

(port) output (UBC)*

PA131/0 ] POE4 input O 0 0 0 0

(port) (port)

PA14 1/0 ] POE5 input O 0 0 0 0

(port) (port)

PA15 1/0 O POE6 input O O O O 0

(port) (port)

Note: * F-ZTAT only
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Table 16.2 Multiplexed Pins (Port B)

Function 1

Function 2

Function 3

Function 4

Port (Related Module) (Related Module) (Related Module) (Related Module)
B PB2 1/O (port) IRQO input (INTC) ~ POEQ input (port) O

PB3 1/O (port) IRQT input INTC)  POET input (port) O

PB4 1/O (port) IRQ2 input (INTC) ~ POEZ2 input (port) O

PB5 /0 (port) IRQ3 input (INTC)  POES input (port) O
Table16.3 Multiplexed Pins (Port E)

Function 1 Function 2 Function 3 Function 4
Port (Related Module) (Related Module) (Related Module) (Related Module)
E PEO I/O (port) TIOCOA 1/0 (MTU) a g

PE1 I/O (port) TIOCOB I/O (MTU) [ O

PE2 1/O (port) TIOCOC I/0 (MTU) O O

PE3 I/O (port) TIOCOD I/O (MTU) O O

PE4 1/O (port) TIOC1A I/O (MTU)  RXD3 input (SCI) O

PES5 1/0 (port) TIOC1B I/O (MTU)  TXD3 output (SCI) [

PEG 1/O (port) TIOC2A 1/0 (MTU)  SCK31/O (SCI) a

PE7 I/O (port) TIOC2B I/0O (MTU)  RXD2 input (SCI) O

PE8 1/O (port) TIOC3A I/0 (MTU)  SCK2 1/O (SClI) a

PE9 I/O (port) TIOC3B I/O (MTU) [ O

PE10 I/O (port) TIOC3C I/O (MTU)  TXD2 output (SCI) [

PE11 I/O (port) TIOC3D I/O (MTU) O g

PE12 1/O (port) TIOC4A 1/O (MTU) O O

PE13 I/O (port) TIOC4B I/O (MTU)  MRES input (INTC) O

PE14 1/O (port) TIOC4C /O (MTU) O g

PE15 1/O (port) TIOC4D I/O (MTU) O TRQOUT output

(INTC)
PE16 1/O (port) PUOA output (MMT) m output O
(UBC)

PE17 I/O (port) PVOA output (MMT) O O

PE18 1/O (port) PWOA output (MMT) O g

PE19 I/O (port) PUOB output (MMT) O O

PE20 1/O (port) PVOB output (MMT) 0O ad

PE21 1/O (port) PWOB output (MMT) 0O g
Note: * F-ZTAT only
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Table 16.4 Multiplexed Pins (Port F)

Port

F

Function 1 Function 2 Function 3 Function 4
(Related Module) (Related Module) (Related Module) (Related Module)
PF8 input (port) ANB8 input (A/D-0) g g

PF9 input (port) AN9 input (A/D-0) ad ad

PF10 input (port) AN10 input (A/D-0) O g

PF11 input (port) AN11 input (A/D-0) O ad

PF12 input (port) AN12 input (A/D-1) O ad

PF13 input (port) AN13 input (A/D-1) O g

PF14 input (port) AN14 input (A/D-1) 0O ad

PF15 input (port) AN15 input (A/D-1) O g

Table16.5 Multiplexed Pins (Port G)
Function 1 Function 2 Function 3 Function 4

Port

(Related Module)

(Related Module)

(Related Module)

(Related Module)

G

PGO input (port)

AN16 input (A/D-2)

ad

PG1 input (port)

AN17 input (A/D-2)

PG2 input (port)

AN18 input (A/D-2)

PG3 input (port)

AN19 input (A/D-2)

g
g
g

Oolojolo
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Table16.6 Pin Functionsin Each Mode

Pin Name

Single Chip Mode

Pin No. Initial Function PFC Selected Function Possibilities
11, 43, 66 Vcc Vcc

9,24,41,64 Vss Vss

22,62 VCL VCL

27, 38 AVcc AVcc

25, 40 AVss AVss

1 PE2 PE2/TIOCOC

2 PE3 PE3/TIOCOD

3 PE4 PE4/TIOC1A/RXD3
4 PE5 PE5/TIOC1B/TXD3

5 PE6 PE6/TIOC2A/SCK3
6 PE7 PE7/TIOC2B/RXD2
7 PES8 PES8/TIOC3A/SCK2

8 PE9 PE9/TIOC3B

10 PE10 PE10/TIOC3C/TXD2
12 PE11 PE11/TIOC3D

13 PE12 PE12/TIOC4A

14 PE13 PE13/TIOC4B/MRES
15 PE14 PE14/TIOC4C

16 PE15 PE15/TIOC4D/IRQOUT
17 PE16 PE16/PUOA/UBCTRG
18 PE17 PE17/PVOA

19 PE18 PE18/PWOA

20 PE19 PE19/PUOB

21 PE20 PE20/PVOB

23 PE21 PE21/PWOB

26 PF15/AN15 PF15/AN15

28 PF14/AN14 PF14/AN14

29 PF13/AN13 PF13/AN13

30 PF12/AN12 PF12/AN12

31 PG3/AN19 PG3/AN19

32 PG2/AN18 PG2/AN18
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Pin Name
Single Chip Mode
Pin No. Initial Function PFC Selected Function Possibilities
33 PG1/AN17 PG1/AN17
34 PGO/AN16 PGO/AN16
35 PF11/AN11 PF11/AN11
36 PF10/AN10 PF10/AN10
37 PF9/AN9 PF9/AN9
39 PF8/ANS PF8/ANS
42 PB5 PB5/IRQ3/POE3
44 PB4 PB4/IRQ2/POE2
45 PB3 PB3/IRQ1/POE1
46 PB2 PB2/IRQ0/POEOD
47 PA15 PA15/POE6
48 PA14 PA14/POE5
49 PA13 PA13/POE4
50 PA12 PA12/UBCTRG"
51 PA11 PA11/ADTRG/SCK3
52 PA10 PA10/SCK2
53 PA9 PA9/TCLKD/IRQ3/TXD3
54 PA8 PA8/TCLKC/IRQ2/RXD3
55 PA7 PA7/TCLKB/TXD2
56 PA6 PA6/TCLKA/RXD2
57 PA5 PA5/IRQ1/POE6/SCK3
58 PA4 PA4/POE5/TXD3
59 PA3 PA3/POE4/RXD3
60 PA2 PA2/IRQO/PCIO/SCK2
61 PA1 PA1/POE1/TXD2
63 PAO PAO/POEO/RXD2
65 FWP FWP
67 RES RES
68 NMI NMI
69 MD3 MD3
70 MD2 MD2
71 MD1 MD1

Rev. 4.00 Dec 05, 2005 page 437 of 564
REJ09B0270-0400
RENESAS



Section 16 Pin Function Controller (PFC)

Pin Name
Single Chip Mode
Pin No. Initial Function PFC Selected Function Possibilities
72 MDO MDO
73 EXTAL EXTAL
74 XTAL XTAL
75 PLLVCL PLLVCL
76 PLLCAP PLLCAP
77 PLLVss PLLVss
78 WDTOVF WDTOVF
79 PEO PEO/TIOCOA
80 PE1 PE1/TIOCOB

Note: * F-ZTAT only.

In single chip mode, do not set functions other than those that can be set by PFC listed
in this table.

16.1 Register Descriptions

The registers listed below make up the pin function controller (PFC). For details on the addresses
of the registers and their states during each process, see appendix A, Internal 1/0 Register.

» Port Al/Oregister L (PAIORL)

» Port A control register L3 (PACRL3)
e Port A control register L2 (PACRL2)
» Port A control register L1 (PACRL1)
e Port B I/O register (PBIOR)

» Port B control register 1 (PBCR1)

» Port B control register 2 (PBCR2)

» Port E1/O register H (PEIORH)

» Port EI/Oregister L (PEIORL)

» Port E control register H (PECRH)

» Port E control register L1 (PECRL1)
» Port E control register L2 (PECRL?2)
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16.1.1  Port A 1/0 Register L (PAIORL)

The port A 1/O register L (PAIORL) is a 16-bit readable/writable register that is used to set the
pinson port A asinputs or outputs. Bits PA1510R to PAOIOR correspond to pins PA15 to PAO
(names of multiplexed pins are here given as port names and pin numbers aone). PAIORL is
enabled when the port A pins are functioning as general-purpose inputs/outputs (PA15 to PAQ),
SCK2 and SCK 3 pins are functioning as inputs/outputs of SCI, and PCIO pins are functioning as
an input/output of MMT. In other states, PAIORL is disabled.

A given pin on port A will be an output pin if the corresponding bit in PAIORL issetto 1, and an
input pin if the bit is cleared to 0.

Theinitial value of PAIORL is H'0000.

16.1.2 Port A Control RegistersL3to L1 (PACRL3to PACRL1)

The port A control registers L3 to L1 (PACRL3 to PACRL 1) are 16-bit readable/writable registers
that are used to select the functions of the multiplexed pins on port A.

Port A Control RegistersL3toL1 (PACRL3to PACRL1)

Register Bit Bit Name {?allfluaé R/W  Description

PACRL3 15 PA15MD2 O R/W PA15 Mode

PACRL1 15 PA15MD1 0 R/W  Select the function of the PA15/POEG pin.

PACRL1 14 PA15MDO 0 R/W  000: PA15 I/O (port) 011: Setting prohibited
001: Setting prohibited 1xx: Setting prohibited
010: POEB input (port)

PACRL3 14 PA14MD2 O R/W PA14 Mode

PACRL1 13 PA14MD1 0 R/W  Select the function of the PA14/POES5 pin.

PACRL1 12 PA14MDO O R/W 000: PA14 1/O (port) 011: Setting prohibited
001: Setting prohibited 1xx: Setting prohibited
010: POES input (port)

PACRL3 13 PA13MD2 O R/W PA13 Mode

PACRL1 11 PA13MD1 0 R/W  Select the function of the PA13/POE4 pin.

PACRL1 10 PA13MDO O R/W  000: PA13 I/O (port) 011: Setting prohibited

001: Setting prohibited 1xx: Setting prohibited
010: POE4 input (port)
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Register Bit Bit Name {?ell}luaé R/W  Description

PACRL3 12 PA12MD2 O R/W  PA12 Mode

PACRL1 9 PA12MD1 O R/W  Select the function of the PA12/UBCTRG pin.

PACRL1 PA12MDO O R/W  000: PA12 1/O (port) 011: Setting prohibited
001: Setting prohibited 1xx: Setting prohibited
010: UBCTRG output (UBC)*

PACRL3 11 PA11MD2 O R/W  PAl1l Mode

PACRL1 7 PA11MD1 O R/W  Select the function of the PA11/ADTRG/SCKS3 pin.

PACRL1 6 PA11MDO O R/W  000: PA11 I/O (port) 100: Setting prohibited
001: Setting prohibited 101: SCK3 I/O (SCI)
010: ADTRG input (A/D) 110: Setting prohibited
011: Setting prohibited 111: Setting prohibited

PACRL3 10 PA10MD2 O R/W  PA10 Mode

PACRL1 5 PA1OMD1 O R/W  Select the function of the PA10/SCK2 pin.

PACRL1 4 PA10OMDO O R/W  000: PA10 I/O (port) 100: Setting prohibited
001: Setting prohibited 101: SCK2 I/O (SCI)
010: Setting prohibited 110: Setting prohibited
011: Setting prohibited 111: Setting prohibited

PACRL3 9 PAOMD2 O R/W  PA9 Mode

PACRL1 3 PAOMD1 0 R/W  Select the function of the PA9/TCLKD/IRQ3/TXD3

PACRLL 2  PAYMDO 0 RW PN
000: PA9 1/O (port) 100: Setting prohibited
001: TCLKD input (MTU) 101: TXD3 output (SCI)
010: IRQ3input (INTC)  110: Setting prohibited
011: Setting prohibited 111: Setting prohibited

PACRL3 8 PASBMD2 O R/W  PA8 Mode

PACRL1 1 PASMD1 0 R/W  Select the function of the PAS/TCLKC/IRQ2/RXD3

PACRL1 0 PASMDO 0 Rw PN

000: PA8 I/0 (port) 100: Setting prohibited
001: TCLKC input (MTU) 101: RXD3 input (SCI)
010: IRQ2 input (INTC)  110: Setting prohibited
011: Setting prohibited 111: Setting prohibited
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Register Bit Bit Name {?;Iuaé R/W  Description

PACRL3 7 PA7TMD2 O R/W PA7 Mode

PACRL2 15 PA7TMD1 O R/W  Select the function of the PA7/TCLKB/TXD2 pin.

PACRL2 14 PA7TMDO O R/W  000: PA7 I/O (port) 100: Setting prohibited
001: TCLKB input (MTU) 101: TXD2 output (SCI)
010: Setting prohibited 110: Setting prohibited
011: Setting prohibited 111: Setting prohibited

PACRL3 6 PA6MD2 O R/W PA6 Mode

PACRL2 13 PA6MD1 O R/W  Select the function of the PA6/TCLKA/RXD2 pin.

PACRL2 12 PA6MDO O R/W  000: PA6 I/O (port) 100: Setting prohibited
001: TCLKA input (MTU) 101: RXD2 input (SCI)
010: Setting prohibited 110: Setting prohibited
011: Setting prohibited 111: Setting prohibited

PACRL3 5 PASMD2 O R/W PA5 Mode

PACRL2 11 PASMD1 0 R/W  Select the function of the PA5/IRQ1/POE6/SCK3

PACRL2 10  PASMDO 0 RW PN
000: PA5 1I/O (port) 100: Setting prohibited
001: Setting prohibited ~ 101: POEBS input (port)
010: Setting prohibited 110: SCK3 I/0 (SCI)
011: IRQT input (INTC)  111: Setting prohibited

PACRL3 4 PAAMD2 O R/W PA4 Mode

PACRL2 9 PA4MD1 O R/W  Select the function of the PA4/POES/TXD3 pin.

PACRL2 8 PAAMDO O R/W  000: PA4 1/O (port) 100: Setting prohibited
001: Setting prohibited ~ 101: POES5 input (port)
010: Setting prohibited 110: TXD3 output (SCI)
011: Setting prohibited 111: Setting prohibited

PACRL3 3 PA3MD2 O R/W PA3 Mode

PACRL2 7 PASMD1 O R/W  Select the function of the PA3/POE4/RXD3 pin.

PACRL2 6 PASMDO O R/W  000: PA3 I/O (port) 100: Setting prohibited

001: Setting prohibited
010: Setting prohibited
011: Setting prohibited

101: POE4 input (port)
110: RXD3 input (SCI)
111: Setting prohibited
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Register Bit Bit Name {?ellfluaé R/W  Description

PACRL3 2 PA2MD2 O R/W  PA2 Mode

PACRL2 5 PA2MD1 O R/W  Select the function of the PA2/IRQ0/PCIO/SCK2

PACRL2 4 PA2MDO 0 RW PN
000: PA2 1/O (port) 100: Setting prohibited
001: Setting prohibited 101: PCIO I/O (MMT)
010: Setting prohibited 110: SCK2 I/O (SClI)
011: IRQO input (INTC)  111: Setting prohibited

PACRL3 1 PAIMD2 O R/W  PAl Mode

PACRL2 3 PAIMD1 O R/W  Select the function of the PA1/POE1/TXD2 pin.

PACRL2 2 PAIMDO O R/W  000: PAL1 I/O (port) 100: Setting prohibited
001: Setting prohibited ~ 101: POET input (port)
010: Setting prohibited 110: TXD2 output (SCI)
011: Setting prohibited 111: Setting prohibited

PACRL3 0 PAOMD2 O R/W  PAO Mode

PACRL2 1 PAOMD1 O R/W  Select the function of the PAO/POEO/RXD2 pin.

PACRL2 O PAOMDO O R/W  000: PAO I/O (port) 100: Setting prohibited

001: Setting prohibited
010: Setting prohibited
011: Setting prohibited

101: POEO input (port)
110: RXD2 input (SCI)
111: Setting prohibited

Notes: x: Don’t care
* F-ZTAT only. Setting prohibited for the mask version.

16.1.3  Port B /O Register (PBIOR)

The port B /O register (PBIOR) is a 16-hit readable/writable register that is used to set the pins on
port B asinputs or outputs. Bits PB5IOR to PB2IOR correspond to pins PB5 to PB2 (names of
multiplexed pins are here given as port names and pin numbers aone). PBIOR is enabled when
port B pins are functioning as general -purpose inputs/outputs (PB5 to PB2). In other states,
PBIOR is disabled.

A given pin on port B will be an output pin if the corresponding bit in PBIOR isset to 1, and an
input pin if the bit is cleared to 0.

Bits 1510 6, bit 1, and bit 0 are reserved. These bits are aways read as 0 and should only be
written with O.

Theinitial vale of PBIOR is H'0000.
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16.1.4 Port B Control Registers1 and 2 (PBCR1 and PBCR2)

The port B control registers 1 and 2 (PBCR1 and PBCR2) are 16-hit readabl e/writable registers
that are used to select the multiplexed pin function of the pins on port B.

Note that the bit 9 of PBCR1 and bits 3 to 0 of PBCR2 are disabled.

Port B Control Registers 1 and 2 (PBCR1 and PBCR2)

Register Bit Bit Name I\?;T:Jaé R/W  Description

PBCR1 15,14 O AllO R Reserved

PBCR1 8to0 ad All0 R These bits are always read as 0 and should

PBCR1 9 0 0 R only be written with O.

PBCR2 15t012 O All0 R

PBCR2 3to0 a AllO R

PBCR1 13 PB5MD2 0 R/W PB5 Mode

PBCR2 11 PB5MD1 0 R/W  Select the function of the PB5/IRQ3/POES pin.

PBCR2 10 PB5MDO O R/W  000: PB5 I/O (port) 011: Setting prohibited
001: IRQ3 input (INTC) 1xx: Setting prohibited
010: POES input (port)

PBCR1 12 PB4MD2 O R/W PB4 Mode

PBCR2 9 PB4MD1 O R/W  Select the function of the PB4/IRQ2/POE2 pin.

PBCR2 8 PB4AMDO O R/W  000: PB4 I/O (port) 011: Setting prohibited
001: IRQ2 input (INTC) 1xx: Setting prohibited
010: POEZ2 input (port)

PBCR1 11 PB3MD2 O R/W PB3 Mode

PBCR2 7 PB3MD1 O R/W  Select the function of the PB3/IRQ1/POET pin.

PBCR2 6 PB3MDO O R/W  000: PB3 I/O (port) 011: Setting prohibited
001: IRQT input (INTC) 1xx: Setting prohibited
010: POET input (port)

PBCR1 10 PB2MD2 O R/W PB2 Mode

PBCR2 5 PB2MD1 0 R/W  Select the function of the PB2/IRQ0/POEO pin.

PBCR2 4 PB2MDO O R/W  000: PB2 I/O (port) 011: Setting prohibited

001: IRQO input (INTC) 1xx: Setting prohibited
010: POEQ input (port)

Note: x: Don't care
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16.1.5 Port E1/O RegistersL and H (PEIORL and PEIORH)

The port E I/O registers L and H (PEIORL and PEIORH) are 16-bit readable/writable registers
that are used to set the pins on port E asinputs or outputs. Bits PE2110R to PEOIOR correspond to
pins PE21 to PEO (names of multiplexed pins are here given as port names and pin numbers
alone). PEIORL is enabled when the port E pins are functioning as general-purpose inputs/outputs
(PE15 to PDQ), TIOC pins are functioning as inputs/outputs of MTU, and SCK2 and SCK3 pins
are functioning as inputs/outputs of SCI. In other states, PEIORL is disabled. PEIORH is enabled
when the port E pins are functioning as general-purpose inputs/outputs (PE21 to PE16). In other
states, PEIORH is disabled.

A given pin on port E will be an output pin if the corresponding PEIORL or PEIORH bit is set to
1, and an input pin if the bit is cleared to 0.

Bits 15 to 6 of PEIORH are reserved. These bits are always read as 0 and should only be written
with 0.

Theinitial values of PEIORL and PEIORH are H'0000.
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16.1.6 Port E Control RegistersL1,L2,and H (PECRL1, PECRL2, and PECRH)

The port E control registersL1, L2, and H (PECRL 1, PECRL 2 and PECRH) are 16-bit
readable/writable registers that are used to select the multiplexed pin function of the pins on port
E.

Port E Control RegistersL1, L2, and H (PECRL 1, PECRL2, and PECRH)

Register Bit Bit Name {?;:Laé R/W  Description
PECRH 15to 0O AllO R Reserved
12 These bits are always read as 0 and should only
be written with 0.
PECRH 11 PE21MD1 O R/W  PE21 Mode
PECRH 10 PE21MDO O R/W  Select the function of the PE21/PWOB pin.
00: PE21 1/O (port) 10: Setting prohibited
01: PWOB output (MMT) 11: Setting prohibited
PECRH 9 PE20MD1 O R/W  PE20 Mode
PECRH 8 PE20MDO O R/W  Select the function of the PE20/PVOB pin.
00: PE20 I/O (port) 10: Setting prohibited
01: PVOB output (MMT) 11: Setting prohibited
PECRH 7 PE19MD1 O R/W  PE19 Mode
PECRH 6 PE19MDO O R/W  Select the function of the PE19/PUOB pin.
00: PE19 I/O (port) 10: Setting prohibited
01: PUOB output (MMT) 11: Setting prohibited
PECRH 5 PE18MD1 O R/W  PE18 Mode
PECRH 4 PE18MDO O R/W  Select the function of the PE18/PWOA pin.
00: PE18 I/O (port) 10: Setting prohibited
01: PWOA output (MMT) 11: Setting prohibited
PECRH 3 PE17MD1 O R/W  PE17 Mode
PECRH 2 PE17MDO O R/W  Select the function of the PE17/PVOA pin.
00: PE17 I/O (port) 10: Setting prohibited
01: PVOA output (MMT) 11: Setting prohibited
PECRH 1 PE16MD1 O R/W  PE16 Mode
PECRH 0 PE16MDO 0 R/W  Select the function of the PE16/PUOA/UBCTRG
pin.

00: PE16 I/O (port) 10: UBCTRG output (UBC)*
01: PUOA output (MMT) 11: Setting prohibited
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Register Bit Bit Name {?;Iuaé R/W  Description

PECRL1 15 PE15MD1 O R/W  PE15 Mode

PECRLL 14  PE15MDO 0 R/W  Select the function of the PE15/TIOC4D/IRQOUT
pin.
00: PE15 I/O (port) 10: Setting prohibited
01: TIOC4D I/0 (MTU) 11: IRQOUT output

(INTC)

PECRL1 13 PE14MD1 O R/W  PE14 Mode

PECRL1 12 PE14MDO O R/W  Select the function of the PE14/TIOCA4C pin.
00: PE14 1/O (port) 10: Setting prohibited
01: TIOC4C I/O (MTU) 11: Setting prohibited

PECRL1 11 PE13MD1 O R/W  PE13 Mode

PECRL1 10 PE13MDO O R/W  Select the function of the PE13/TIOC4B/MRES
pin.
00: PE13 I/O (port)  10: MRES input (INTC)
01: TIOC4B I/O (MTU) 11: Setting prohibited

PECRL1 9 PE12MD1 O R/W  PE12 Mode

PECRL1 8 PE12MDO O R/W  Select the function of the PE12/TIOC4A pin.
00: PE12 I/O (port) 10: Setting prohibited
01: TIOC4A 1/O (MTU) 11: Setting prohibited

PECRL1 7 PE11MD1 O R/W  PE11 Mode

PECRL1 6 PE11MDO O R/W  Select the function of the PE11/TIOC3D pin.
00: PE11 1/O (port) 10: Setting prohibited
01: TIOC3D I/O (MTU) 11: Setting prohibited

PECRL1 5 PE10MD1 O R/W  PE10 Mode

PECRL1 4 PE10MDO O R/W  Select the function of the PE10/TIOC3C/TXD2
pin.
00: PE10 I/O (port) 10: TXD2 output (SCI)
01: TIOC3C I/O (MTU) 11: Setting prohibited

PECRL1 3 PEOMD1 O R/W  PE9 Mode

PECRL1 2 PEOMDO O R/W  Select the function of the PE9/TIOC3B pin.
00: PE9 I/O (port) 10: Setting prohibited
01: TIOC3B I/O (MTU) 11: Setting prohibited

PECRL1 1 PESMD1 O R/W  PE8 Mode

PECRL1 O PESBMDO O R/W  Select the function of the PE8/TIOC3A/SCK2 pin.

00: PE8 I/O (port) 10: SCK2 I/0 (SClI)
01: TIOC3A I/0 (MTU) 11: Setting prohibited

Rev. 4.00 Dec 05, 2005 page 446 of 564
REJ09B0270-0400
RENESAS



Section 16 Pin Function Controller (PFC)

Register Bit Bit Name {?ell}luaé R/W  Description
PECRL2 15 PE7MD1 O R/W  PE7 Mode
PECRL2 14 PE7TMDO O R/W  Select the function of the PE7/TIOC2B/RXD2 pin.
00: PE7 I/O (port) 10: RXD2 input (SCI)
01: TIOC2B I/O (MTU) 11: Setting prohibited
PECRL2 13 PE6MD1 O R/W  PE6 Mode
PECRL2 12 PE6MDO O R/W  Select the function of the PE6/TIOC2A/SCK3 pin.
00: PE6 I/O (port) 10: SCK3 I/0 (SCI)
01: TIOC2A 1/0O (MTU) 11: Setting prohibited
PECRL2 11 PE5MD1 O R/W  PE5 Mode
PECRL2 10 PESMDO O R/W  Select the function of the PE5/TIOC1B/TXD3 pin.
00: PE5 I/O (port) 10: TXD3 output (SCI)
01: TIOC1B I/O (MTU) 11: Setting prohibited
PECRL2 9 PE4MD1 O R/W  PE4 Mode
PECRL2 8 PE4AMDO O R/W  Select the function of the PE4/TIOC1A/RXD3 pin.
00: PE4 I/O (port) 10: RXD3 input (SCI)
01: TIOC1A I/O (MTU) 11: Setting prohibited
PECRL2 7 PE3MD1 O R/W  PE3 Mode
PECRL2 6 PE3MDO O R/W  Select the function of the PE3/TIOCOD pin.
00: PE3 I/O (port) 10: Setting prohibited
01: TIOCOD I/O (MTU) 11: Setting prohibited
PECRL2 5 PE2MD1 O R/W  PE2 Mode
PECRL2 4 PE2MDO O R/W  Select the function of the PE2/TIOCOC pin.
00: PE2 I/O (port) 10: Setting prohibited
01: TIOCOC I/O (MTU) 11: Setting prohibited
PECRL2 3 PEIMD1 O R/W  PE1 Mode
PECRL2 2 PEIMDO O R/W  Select the function of the PE1/TIOCOB pin.
00: PE1 I/O (port) 10: Setting prohibited
01: TIOCOB I/O (MTU) 11: Setting prohibited
PECRL2 1 PEOMD1 O R/W  PEO Mode
PECRL2 O PEOMDO O R/W  Select the function of the PEO/TIOCOA pin.
00: PEO I/O (port) 10: Setting prohibited
01: TIOCOA I/O (MTU) 11: Setting prohibited
Note: * F-ZTAT only. Setting prohibited for the mask version
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16.2  Usage Notes

(1) Inthis LSl Group, individual functions are available as multiplexed functions on multiple pins.
This approach is intended to increase the number of selectable pin functions and to allow the
easier design of boards.

When the pin function controller (PFC) is used to select afunction, only a single pin can be
specified for each function. If one function is specified for two or more pins, the function will
not work properly.

(2) To select apin function, set the port control registers (PACRL3, PACRL2, PACRL1, PBCR1
and PBCR2) before setting the port 1/0 registers (PAIORL and PBIOR). To select the function
of the pin which is multiplexed with the port E, the order of setting the port control registers
(PECRH, PECRL1, and PECRL2) and port /O registers (PEIORH and PEIORL) is not matter.

(3) Regarding the pin in which input/output port is multiplexed with IRQ, when the port input is
changed from low level to IRQ edge detection mode, the corresponding edge is detected.

(4) In astate where the pin isin general 1/0 mode and set to 1-output (specifically, the port control
register isin general 1/0 mode and both the port /O register and the port data register are set to
1), a power-on reset through the RES pin may generate alow level on this pin upon the power-
on stateisrealized. To prevent thislow level from happening, set the port I/O register to 0
(general output) and then apply the power-on reset. Note, however, that no low level may be
generated internally by the power-on reset due to the WDT overflow.
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Section 17 1/0O Ports

ThisLSI hasfive ports: A, B, E, F, and G. Port A isa 16-bit port, port B is a4-bit port, and port E
isa22-hit port, all supporting both input and output. Port F is an 8-bit port and port G is a 4-bit
port, both for input-only.

All the port pins are multiplexed as general input/output pins and special function pins. The
functions of the multiplex pins are selected by means of the pin function controller (PFC). Each
port is provided with a data register for storing the pin data.

17.1 Port A

Port A is an input/output port with the 16 pins shown in figure 17.1.

Port A

\i

PAL15 (1/0) / POES (input)

»| PA14 (1/0) / POEB (input)

A

\4

PA13 (1/0) / POE4 (input)

»| PA12 (1/0) / UBCTRG (output)*

A

»| PA11 (1/0) / ADTRG (input) / SCK3 (1/0)

A

\ 4

PA10 (I/0) / SCK2 (1/O)

PA9 (1/0) / TCLKD (input) / IRQ3 (input) / TXD3 (output)

»| PA8 (1/0) / TCLKC (input) / TRQ2 (input) / RXD3 (input)

A

\ 4

PA7 (I/0) / TCLKB (input) / TXD2 (output)

A

PAG6 (1/0) / TCLKA (input) / RXD2 (input)

»| PA5 (1/0) / TRQT (input) / POES (input) / SCK3 (1/O)

A

» PA4 (1/0) / POE5 (input) / TXD3 (output)

PA3 (1/0) / POE4 (input) / RXD3 (input)

\4

PA2 (I/0) / TRQO (input) / PCIO (1/O) / SCK2 (1/O)

»| PAL (1/0) / POET (input) / TXD2 (output)

PAO (1/0) / POEO (input) / RXD2 (input)

Note: * Only for the F-ZTAT version (no corresponding function in the mask version.)

Figurel17.1 Port A
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17.1.1 Register Description

Port A is a 16-bit input/output port. Port A has the following register. For details on register
addresses and register states during each processing, refer to appendix A, Internal 1/0 Register.

» Port A dataregister L (PADRL)

17.1.2 Port A Data Register L (PADRL)

The port A dataregister L (PADRL) is a 16-bit readable/writable register that stores port A data.
Bits PA15DR to PAODR correspond to pins PA15 to PAO (multiplexed functions omitted here).

When apin functionsis ageneral output, if avalueiswritten to PADRL, that valueis output
directly from the pin, and if PADRL isread, the register valueis returned directly regardless of the
pin state.

When apin functionsis a general input, if PADRL isread, the pin state, not the register value, is
returned directly. If avalue iswritten to PADRL, athough that value is written into PADRL, it
does not affect the pin state. Table 17.1 summarizes port A dataregister L read/write operations.

Initial

Bit Bit Name  Value R/W Description
15 PA15DR 0 R/W See table 17.1
14 PA14DR 0 R/W

13 PA13DR 0 R/W

12 PA12DR 0 R/W

11 PA11DR 0 R/W

10 PA10DR 0 R/W

9 PA9DR 0 R/W

8 PASDR 0 R/W

7 PA7DR 0 R/W

6 PAGDR 0 R/W

5 PASDR 0 R/W

4 PA4DR 0 R/W

3 PA3DR 0 R/W

2 PA2DR 0 R/W

1 PA1DR 0 R/W

0 PAODR 0 R/W
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Table17.1 Port A Data Register L (PADRL) Read/Write Operations

Bits 15to O:

PAIORL Pin Function Read Write

0 General input Pin state Can write to PADRL, but it has no effect on pin

state

Other than Pin state Can write to PADRL, but it has no effect on pin
general input state

1 General output  PADRL value Value written is output from pin
Other than PADRL value Can write to PADRL, but it has no effect on pin
general output state

172 PortB

Port B is an input/output port with the four pins shown in figure 17.2.

Y
A4

PB5 (1/0) / TRQ3 (input) / POES (input)
PB4 (1/0) / TRQ2 (input) / POE2 (input)
PB3 (1/0) / IRQT (input) / POET (input)
PB2 (1/0) / TRQO (input) / POEO (input)

4

Port B

A4

A4

A

Figure17.2 PortB

1721 Register Descriptions

Port B isa4-bit input/output port. Port B has the following register. For details on register
addresses and register states during each processing, refer to appendix A, Internal 1/0 Register.

» Port B dataregister (PBDR)
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17.2.2 Port B Data Register (PBDR)

The port B dataregister (PBDR) is a 16-hit readable/writable register that stores port B data. Bits
PB5DR to PB2DR correspond to pins PB5 to PB2 (multiplexed functions omitted here).

When apin functionsis ageneral output, if avalueiswritten to PBDR, that value is output
directly from the pin, and if PBDR is read, the register value is returned directly regardless of the

pin state.

When a pin functionsis a general input, if PBDR isread, the pin state, not the register value, is
returned directly. If avalueiswritten to PBDR, athough that value iswritten into PBDR, it does
not affect the pin state. Table 17.2 summarizes port B data register read/write operations.

Initial
Bit Bit Name Value R/W Description
15t0 O AllO R Reserved
6 These bits are always read as 0, and should only be
written with 0.
5 PB5DR 0 R/W See table 17.2
4 PB4DR 0 R/W
3 PB3DR 0 R/W
2 PB2DR 0 R/W
1,0 O All O R Reserved

These bits are always read as 0, and should only be
written with O.

Table17.2 Port B Data Register (PBDR) Read/Write Operations

Bits5to 2:

PBIOR Pin Function Read Write

0 General input Pin state Can write to PBDR, but it has no effect on pin state
Other than Pin state Can write to PBDR, but it has no effect on pin state
general input

1 General output  PBDR value  Value written is output from pin
Other than PBDR value Can write to PBDR, but it has no effect on pin state

general output
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17.3 Port E

Port E is an input/output port with the 22 pins shown in figure 17.3.

Port E

\

A

PE21 (I/0) / PWOB (output)

A

» PE20 (1/0) / PVOB (output)

PE19 (1/0) / PUOB (output)

»| PE18 (I/O) / PWOA (output)

» PE17 (1/0) / PVOA (output)

A

A

\4

» PE16 (I/O) / PUOA (output) / UBCTRG (output)*

PE15 (1/0) / TIOC4D (1/0) / TRQOUT (output)

A

\i

PE14 (1/0) / TIOCAC (1/O)

PE13 (I/0) / TIOC4B (1/0) / MRES (input)

A

\4

PE12 (1/0) / TIOCA4A (1/O)

A

\i

PE11 (1/O) / TIOC3D (I/O)

A

» PE10 (I/0) / TIOC3C (1/O) / TXD2 (output)

> PEQ (I/0) / TIOC3B (1/0)

PES (1/0) / TIOC3A (I/O) / SCK2 (1/O)

A

PE7 (I/0) / TIOC2B (1/0) / RXD2 (input)

A

> PEG (1/0) / TIOC2A (I/O) / SCK3 (1/O)

A

A

\4

PES5 (1/0) / TIOC1B (1/0) / TXD3 (output)

PE4 (1/0) / TIOC1A (I/O) / RXD3 (input)

» PE3 (1/0) / TIOCOD (1/O)

A

A

\4

» PE2 (I/0) / TIOCOC (I/O)

PE1 (1/0) / TIOCOB (1/O)

A

\i

PEO (1/0) / TIOCOA (1/O)

Note: * Only for the F-ZTAT version (no corresponding function in the mask version.)

Figure17.3 Port E

Rev. 4.00 Dec 05, 2005 page 453 of 564
REJ09B0270-0400

RENESAS




Section 17 1/0 Ports

17.3.1 Register Descriptions

Port E has the following registers. For details on register addresses and register states during each
processing, refer to appendix A, Internal 1/0 Register.

» Port E dataregister H (PEDRH)
* Port E dataregister L (PEDRL)

17.3.2 Port E Data RegistersH and L (PEDRH and PEDRL)

The port E dataregistersH and L (PEDRH and PEDRL) are 16-hbit readable/writable registers that
store port E data. Bits PE21DR to PEODR correspond to pins PE21 to PEO (multiplexed functions
omitted here).

When apin functionsis ageneral output, if avalueiswritten to PEDRH or PEDRL, that valueis
output directly from the pin, and if PEDRH or PEDRL is read, the register value is returned
directly regardless of the pin state.

When apin functionsis ageneral input, if PEDRH or PEDRL isread, the pin state, not the register
value, isreturned directly. If avalueiswritten to PEDRH or PEDRL, although that valueis
written into PEDRH or PEDRL it does not affect the pin state. Table 17.3 summarizes port E data
register read/write operations.

PEDRH:
Initial
Bit Bit Name  Value R/W Description
15to6 0O All 0 R Reserved
These bits are always read as 0, and should only be
written with 0.
5 PE21DR 0 R/W See table 17.3.
4 PE20DR 0 R/W
3 PE19DR 0 R/W
2 PE18DR 0 R/W
1 PE17DR 0 R/W
0 PE16DR 0 R/W
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PEDRL.:

Initial
Bit Bit Name Value R/W Description

15 PE15DR 0 R/W See table 17.3.
14 PE14DR 0 R/W
13 PE13DR 0 R/W
12 PE12DR 0 R/W
11 PE11DR 0 R/W
10 PE10DR 0 R/W
9 PESDR 0 R/W
8 PESDR 0 R/W
7 PE7DR 0 R/W
6 PEGDR 0 R/W
5 PESDR 0 R/W
4 PE4DR 0 R/W
3 PE3DR 0 R/W
2 PE2DR 0 R/W
1 PE1DR 0 R/W
0 PEODR 0 R/W

Table17.3 Port E Data RegistersH and L (PEDRH and PEDRL) Read/Write Operations

Bits5to 0 in PEDRH and bits 15 to 0 in PEDRL:

PEIOR Pin Function Read Write
0 General input Pin state Can write to PEDRH or PEDRL, but it has no
effect on pin state
Other than Pin state Can write to PEDRH or PEDRL, but it has no
general input effect on pin state
1 General output  PEDRH or Value written is output from pin (POE pin = high)*
PEDRL value

High impedance regardless of PEDRH or PEDRL
value (POE pin = low)"

Other than PEDRH or Can write to PEDRH or PEDRL, but it has no
general output PEDRL value  effect on pin state

Note: * Control by the POE pin is only available for high current-output pins (PE9 and PE11 to
PE21).
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17.4 Port F

Port F is an input-only port with the eight pins shown in figure 17.4.

A

PF15 (input) / AN15 (input)

A

PF14 (input) / AN14 (input)

-t PF13 (input) / AN13 (input)
portE | PF12 (input) / AN12 (input)
- PF11 (input) / AN11 (input)
-t PF10 (input) / AN10 (input)
-t PF9 (input) / AN9 (input)

PF8 (input) / AN8 (input)

A

Figurel17.4 PortF

1741 Register Description

Port F isan 8-bit input-only port. Port F has the following register. For details on register
addresses and register states during each processing, refer to appendix A, Internal 1/0 Register.

* Port F dataregister (PFDR)

17.42 Port F Data Register (PFDR)
The port F data register (PFDR) is a 16-bit read-only register that stores port F data.
Bits PF15DR to PF8DR correspond to pins PF15 to PF8 (multiplexed functions omitted here).

Any value written into these bitsisignored, and there is no effect on the state of the pins. When
any of the bits are read, the pin state rather than the bit value is read directly. However, when an
A/D converter analog input is being sampled, values of 1 are read out. Table 17.4 summarizes port
F data register read/write operations.

Rev. 4.00 Dec 05, 2005 page 456 of 564
REJ09B0270-0400
RENESAS



Section 17 1/0 Ports

Initial
Bit Bit Name Value R/W Description
15 PF15DR 0/1* R See table 17.4.
14 PF14DR o/11* R
13 PF13DR o/1* R
12 PF12DR o11* R
11 PF11DR o/1* R
10 PF10DR o/1* R
9 PFODR o/1* R
8 PF8DR o/1* R
7t00 O R Reserved
There is no pin corresponding to the bit. These bits are
always read as an invalid value.
Note: Initial values are dependent on the state of the external pins.

Table17.4 Port F Data Register (PFDR) Read/Write Operations

Bits 15 to 8:

Pin I/O Pin Function Read Write

Input General input Pin state Ignored (no effect on pin state)
ANnN input 1 Ignored (no effect on pin state)

175 Port G

Port G is an input-only port with the 4 pins shown in figure 17.5.

A

PG3 (input) / AN19 (input)

Port G B

PG2 (input) / AN18 (input)

A

PG1 (input) / AN17 (input)

A

PGO (input) / AN16 (input)

Figurel17.5 Port G
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1751 Register Description

Port G is a4-bit input-only port. Port G has the following register. For details on register addresses
and register states during each processing, refer to appendix A, Internal 1/0O Register.

» Port G dataregister (PGDR)

1752 Port G Data Register (PGDR)
The port G data register (PGDR) is an 8-hit read-only register that stores port G data.
Bits PG3DR to PGODR correspond to pins PG3 to PGO (multiplexed functions omitted here).

Any value written into these bitsisignored, and there is no effect on the state of the pins. When
any of the bits are read, the pin state rather than the bit value is read directly. However, when an
A/D converter analog input is being sampled, values of 1 are read out. Table 17.5 summarizes port
G dataregister read/write operations.

Initial
Bit Bit Name Value R/W Description
7t04 O AllO R Reserved

These bits are always read as 0.
See table 17.5.

*

3 PG3DR 0/1

2 PG2DR 0/1*
1
0

| V|0

PG1DR o/1*
PGODR o/1* R
Note: * Initial values are dependent on the state of the external pins.

Table17.5 Port G Data Register (PGDR) Read/Write Oper ations

Bits 3 to O:
Pin 1/0 Pin Function Read Write
Input General input Pin state Ignored (no effect on pin state)

ANnN input 1 Ignored (no effect on pin state)
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Section 18 Flash Memory (F-ZTAT Version)

The features of the flash memory in the flash memory version are summarized below.

The block diagram of the flash memory is shown in figure 18.1.

18.1 Features

» Size: 256 kbytes
* Programming/erase methods

O Theflash memory is programmed 128 bytes at atime. Eraseis performed in single-block
units. The flash memory is configured as follows: 64 kbytes x 3 blocks, 32 kbytes x 1
block, and 4 kbytes x 8 blocks. To erase the entire flash memory, each block must be
erased in turn.

* Reprogramming capability

O For details, see section 22, Electrical Characteristics.
e Two on-board programming modes

O Boot mode

0 User program 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 on board.

¢ PROM Programmer mode

0 Flash memory can be programmed/erased in programmer mode using a PROM
programmer, as well asin on-board programming mode.

¢ Automatic bit rate adjustment

O With 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
O Sets software protection against flash memory programming/erasing/verifying.
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)

Internal address bus

Internal data bus (32 bits)

Legend:
FLMCR1:
FLMCR2:
EBR1:
EBR2:
RAMER:

Module bus

O

EBR1

Bus interface/controller

Operating
mode

A
O O

Flash memory
(256 kbytes)

Flash memory control register 1
Flash memory control register 2
Erase block register 1

Erase block register 2

RAM emulation register

FWP pin
Mode pin

Figure18.1 Block Diagram of Flash Memory

18.2 Mode Transitions

When the mode pin and the FWP pin are set in the reset state and a reset-start is executed, thisL S|
enters an operating mode as shown in figure 18.2. In user mode, flash memory can be read but not

programmed or erased.

The boot, user program, and PROM 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 18.1.
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Figure 18.3 shows boot mode, and figure 18.4 shows user program mode.

MD1 =1, Reset state
FWP =1
*1 ——
User mode RES =0 A
(on-chip ROM _
enabled) MbDi1=1, / / RES=0
Fwp=0,/ RES=0 *2
MD1=0 RES =0
FWP =1 '
FWP =0 FWP =0 PROM
g Programmer
1 mode
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.

Figure 18.2 Flash Memory State Transitions

Table 18.1 Differences between Boot Mode and User Program M ode

Boot Mode User Program Mode
Total erase Yes Yes
Block erase No Yes
Programming control program® ) @ 2 @)

(1) Eraselerase-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.

3.

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

SCI

k Boot program ‘

Flash memory RAM

Application program
(old version)

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

locks.
blocks Host

New application )
program
This LSI
Boot program SCl
Flash memory RAM

Boot program area

Flash memory

Programming control
erase program

2. 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
& Boot program sc ]
Flash memory RAM

Boot program area

Programming contro
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

RAM

Flash memory

Boot program area

New application

Programming control \J
program R\ program

RXY] Program execution state

Figure 18.3 Boot Mode
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1. Initial state 2. Programming/erase control program transfer
The FWE assessment program that confirms that When user program mode is entered, user
user program mode has been entered, and the software confirms this fact, executes transfer
program that will transfer the programming/erase program in the flash memory, and transfers the
control program from flash memory to on-chip programming/erase control program to RAM.

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 Host

Programming/ i
erase control program |

New application ) New appl
program program

This LSI This LSI
Flash memory RAM Flash memory RAM

FWE assessment FWE assessment
program SO Program s
Transfer program [ Transfer programy]

Programming/
erase control program

Application program| /Application program|
(old version) (old version)
3. Flash memory initialization 4. Writing new application program
The programming/erase program in RAM is Next, the new application program in the host is
executed, and the flash memory is initialized (to written into the erased flash memory blocks. Do
H'FF). Erasing can be performed in block units, not write to unerased blocks.
but not in byte units.
Host Host
New application ) o 3
program i !
This LSI This LSI
SCI SCI
-
Flash memory RAM Flash memory RAM

FWE assessment FWE assessment

Transfer program Transfer program

Programming/ \ Programming/ < ‘
\\erase control program N\erase control program

Flash memory New application
erase program

Program execution state

Figure18.4 User Program Mode
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18.3  Block Configuration

Figure 18.5 shows the block configuration of 256-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 64 kbytes (3 blocks), 32 kbytes (1 block), and 4 kbytes (8 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 H000000 i<—  Programming unit: 128 bytes  —=1 HO0007F
Erase unit ~_ ' ' [ ' ~
4 kbytes L L L L
' ' '  H'OOOFFF
EB1 H'001000 H \<—  Programming unit: 128 bytes =~ —}
Erase unit L j j e ! Ne
# kbytes ! ! ! ! H'001FFF
EB2 H'002000 , \<—  Programming unit: 128 bytes =~ —»
Erase unit A ' ! ' i R=’
4 kbytes * * * —
' ' P ! HO02FFF
EB3 H'003000 ! ! '<—  Programming unit: 128 bytes ~ —>!
Erase unit L T T T T L
4 kbytes — L L L L B
: : D | H'003FFF
EB4 H'004000 | i \<—  Programming unit: 128 bytes ~ —>
Erase unit L ' ' ' ' al
4 kbytes T ! ! ! ! =
' ' . T 1 H'004FFF
EB5 H'005000 E E E<— Programming unit: 128 bytes —>E
Erase unit A ' ! ' i ~
4 kbytes
i i . e | H'O05FFF
EB6 H'006000 | \<—  Programming unit: 128 bytes =~ —}
Erase unit L | | | I L
4 kbytes E : : : : -
' ' e ———— ' HOOBFFF
EB7 H'007000 ! | \<—  Programming unit: 128 bytes =~ —
Erase unit A i I I I =g
4 kbytes N N N N
| | T T T T T T T T T | HOO7FFF
EB8 H'008000 | ! '<«— Programming unit: 128 bytes ~ —»-!
Erase unit L T T T T =
32 kbytes . . . .
' ' e — | HOOFFFF
EB9 H'010000 | ' \<—  Programming unit: 128 bytes =~ —,
Erase unit =~ | | | | P
64 kbytes [ ! ! ! ! B
' ' T — ' HO1FFFF
EB10 H'020000 E E 54— Programming unit: 128 bytes —»E
Erase unit L v v v v ~
64 kbytes : : : :
' ' . e —————— | HO2FFFF
EB11 H'030000 ! ' \<— Programming unit: 128 bytes =~ —»}
Erase unit ~C T T T T =
64 kbytes — : . . . =
' ' P ————— i HO3FFFF

Figure18.5 Flash Memory Block Configuration

Rev. 4.00 Dec 05, 2005 page 464 of 564
REJ09B0270-0400
RENESAS




Section 18 Flash Memory (F-ZTAT Version)

18.4  Input/Output Pins
The flash memory is controlled by means of the pins shown in table 18.2.

Table 18.2 Pin Configuration

Pin Name 1/0 Function

RES Input Reset

FWP Input Flash program/erase protection by hardware
MD1 Input Sets this LSI's operating mode

MDO Input Sets this LSI's operating mode

TxD3 Output Serial transmit data output

(PA9)”

RxD3 Input Serial receive data input

(PAB)*

Note: * In boot mode, PA8 and PA9 pins are used as SCI pins.

185 Register Descriptions

The flash memory has the following registers. For details on register addresses and register states
during each processing, refer to appendix A, Internal 1/0 Register.

» Flash memory control register 1 (FLMCR1)
» Flash memory control register 2 (FLMCR2)
e FEraseblock register 1 (EBR1)

e Erase block register 2 (EBR2)

*  RAM emulation register (RAMER)

185.1 Flash Memory Control Register 1 (FLMCR1)

FLMCRL is aregister that makes the flash memory change to program mode, program-verify
mode, erase mode, or erase-verify mode. For details on register setting, refer to section 18.8,
Flash Memory Programming/Erasing.

Rev. 4.00 Dec 05, 2005 page 465 of 564
REJ09B0270-0400
RENESAS



Section 18 Flash Memory (F-ZTAT Version)

Bit Bit Name

Initial
Value

R/W

Description

7 FWE

1/0

Flash Write Enable

Reflects the input level at the FWP pin. Itis set to 1 when
a low level is input to the FWP pin, and cleared to 0 when
a high level is input.

6 SWE

R/W

Software Write Enable

When this bit is set to 1 while the FWE bit is 1, flash
memory programming/erasing is enabled. When this bit
is cleared to 0, other FLMCR1 bits and all EBR1 and
EBR2 bits cannot be set.

5 ESU

R/W

Erase Setup

When this bit is set to 1 while the FWE and SWE bits are
1, the flash memory changes to the erase setup state.
When it is cleared to 0, the erase setup state is
cancelled.

4 PSU

R/W

Program Setup

When this bit is set to 1 while the FWE and SWE bits are
1, the flash memory changes to the program setup state.
When it is cleared to 0, the program setup state is
cancelled.

R/W

Erase-Verify

When this bit is set to 1 while the FWE and SWE bits are
1, the flash memory changes to erase-verify mode.
When it is cleared to 0, erase-verify mode is cancelled.

R/W

Program-Verify

When this bit is set to 1 while the FWE and SWE bits are
1, the flash memory changes to program-verify mode.
When it is cleared to 0, program-verify mode is cancelled.

R/W

Erase

When this bit is set to 1 while the FWE, SWE and ESU
bits are 1, the flash memory changes to erase mode.
When it is cleared to O, erase mode is cancelled.

R/W

Program

When this bit is set to 1 while the FWE, SWE and PSU
bits are 1, the flash memory changes to program mode.
When it is cleared to 0, program mode is cancelled.
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185.2 Flash Memory Control Register 2 (FLMCR2)
FLMCR2 is aregister that displays the state of flash memory programming/erasing.

Initial
Bit Bit Name Value R/W Description

7 FLER 0 R Indicates that an error has occurred during an operation
on flash memory (programming or erasing). When flash
memory goes to the error-protection state, FLER is set to
1.

See section 18.9.3, Error Protection, for details.
6to0 [ AllO R Reserved
These bits are always read as 0.

185.3 EraseBlock Register 1 (EBR1)

EBR1 specifies the flash memory erase block. EBR1 isinitialized to H'00 when a high level is
input to the FWP pin. Itisalso initialized to H'00, when the SWE hit in FLMCRL1 is O regardless
of valuein the FWP pin. Do not set more than one bit at atimein EBR1 and EBR?2, as this will
cause al the bitsin EBR1 and EBR2 to be automatically cleared to 0.

Initial

Bit Bit Name Value R/W Description

7 EB7 0 R/W When this bit is set to 1, 4 kbytes of EB7 (H'007000 to
H'007FFF) are to be erased.

6 EB6 0 R/W When this bit is set to 1, 4 kbytes of EB6 (H'006000 to
H'006FFF) are to be erased.

5 EB5 0 R/W When this bit is set to 1, 4 kbytes of EB5 (H'005000 to
H'005FFF) are to be erased.

4 EB4 0 R/W When this bit is set to 1, 4 kbytes of EB4 (H'004000 to
H'004FFF) are to be erased.

3 EB3 0 R/W When this bit is set to 1, 4 kbytes of EB3 (H'003000 to
H'003FFF) are to be erased.

2 EB2 0 R/W When this bit is set to 1, 4 kbytes of EB2 (H'002000 to
H'002FFF) are to be erased.

1 EB1 0 R/W When this bit is set to 1, 4 kbytes of EB1 (H'001000 to
H'001FFF) are to be erased.

0 EBO 0 R/W When this bit is set to 1, 4 kbytes of EBO (H'000000 to

H'000FFF) are to be erased.
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185.4 EraseBlock Register 2 (EBR2)

EBR2 specifies the flash memory erase block. EBR2 isinitialized to H'00 when a high level is
input to the FWP pin. Itisalsoinitialized to H'00, when the SWE bit in FLMCR1 is O regardless
of valuein the FWP pin. Do not set more than one bit at atimein EBR1 and EBR?2, as this will
cause al the bitsin EBR1 and EBR2 to be automatically cleared to O.

Initial

Bit Bit Name Value R/W Description

7tod4 O AllO R Reserved
These bits are always read as 0 and should only be
written with O

3 EB11 0 R/W When this bit is set to 1, 64 kbytes of EB11 (H'030000 to
H'03FFFF) are to be erased.

2 EB10 0 R/W When this bit is set to 1, 64 kbytes of EB10 (H'020000 to
H'02FFFF) are to be erased.

1 EB9 0 R/W When this bit is set to 1, 64 kbytes of EB9 (H'010000 to
H'01FFFF) will be erased.

0 EB8 0 R/W When this bit is set to 1, 32 kbytes of EB8 (H'008000 to

H'00FFFF) will be erased.
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1855 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.
Normal execution of an accessimmediately after register modification is not guaranteed.

Initial
Bit Bit Name Value R/W Description
15t0 O All0 R Reserved
4 These bits are always read as 0.
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. When RAMS =0,
the RAM emulation function is disabled.
RAM2 R/W Flash Memory Area Selection
RAM1 R/W When the RAMS bit is set to 1, these bits specify one of
0 RAMO RIW the following flash memory areas to be overlapped with

part of RAM.

000: H'00000000 to H'00000FFF (EBO)
001: H'00001000 to H'00001FFF (EB1)
010: H'00002000 to H'00002FFF (EB2)
011: H'00003000 to H'00003FFF (EB3)
100: H'00004000 to H'00004FFF (EB4)
101: H'00005000 to H'00005FFF (EB5)
110: H'00006000 to H'00006FFF (EB6)
111: H'00007000 to H'00007FFF (EB7)
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18.6  On-Board Programming Modes

There are two modes for programming/erasing of the flash memory; boot mode, which enables on-
board programming/erasing, and programmer mode, in which programming/erasing is performed
with a PROM programmer. On-board programming/erasing can also be performed in user
program mode. At reset-start in reset mode, thisL Sl changes to a mode depending on the MD pin
settings and FWP pin setting, as shown in table 18.3.

When changing to boot mode, the boot program built into thisL S| isinitiated. The boot program
transfers the programming control program from the externally-connected host to on-chip RAM
via SCI3. After erasing the entire flash memory, the programming control program is executed.
This can be used for programming initial values in the on-board state or for aforcible return when
programming/erasing can no longer be done 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.

Table 18.3 Setting On-Board Programming M odes

MD1 MDO FWP LSI State after Reset End

0 0 0 Boot mode Expanded mode*
1 Single-chip mode
1 0 User program mode Expanded mode*
1 Single-chip mode

Note: * This LSI does not support this mode.
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18.6.1 Boot Mode

Table 18.4 shows the boot mode operations between reset end and branching to the programming
control program.

1

© ©

When boot mode is used, 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 18.8, Flash Memory Programming/Erasing.

The SCI3 should be set to asynchronous mode, and the transfer format as follows: 8-hit data, 1
stop bit, and no parity.

When the boot program isinitiated, 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 SCI3 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 matching the bit rates, the chip transmits one H'00 byte to the host to indicate the
completion of hit rate adjustment. The host should confirm that this adjustment end indication
(H'00) has been received normally, and transmit one H'55 byte to the 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 this LSI, 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 18.5.

In boot mode, a part of the on-chip RAM areais used by the boot program. The area
H'FFFFD800 to H'FFFFFFFF is the area to which the programming control program is
transferred from the host. The boot program area cannot be used until the execution state in
boot mode switches to the programming control program.

Before branching to the programming control program, the chip terminates transfer operations
by SCI3 (by clearing the RE and TE bitsin SCR to 0), however the adjusted bit rate value
remains set in BRR. Therefore, the programming control program can still useit for transfer
of write data or verify datawith the host. The TxD pinishigh. The contents of the CPU
general registers are undefined immediately after branching to the programming control
program. These registers must be initialized at the beginning of the programming control
program, as the stack pointer (SP), in particular, is used implicitly in subroutine calls, etc.
Boot mode can be cleared by areset. End the reset after driving the reset pin low, waiting at
least 20 states, and then setting the mode (MD) pins. Boot modeis also cleared when aWDT
overflow reset occurs.

Do not change the MD pin input levelsin boot mode.

All interrupts are disabled during programming or erasing of the flash memory.
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Table 18.4 Boot Mode Operation

Host Operation

LSI Operation

Item Processing Contents Communications Contents  Processing Contents
Boot mode Branches to boot program at
start reset-start.
Boot program initiation
B . o \
Bit rate Continuously transmits data H'00, H00 ......H00 . Measures low-level period of receive
adjustment H'00 at specified bit rate. data H'00.
« Calculates bit rate and sets it in BRR
of SCI3.
H'00  Transmits data H'00 to host as
Transmits data H'55 when < adjustment end indication.
data H'00 is received H'55 _ *
error-free. g .
Transmits data H'AA to host when
- H'AA data H'55 is received.
Receives data H'AA. |
|
Transfer of Y
programming  Transmits number of bytes (N) Uplge\:\:el?ygetgnd l
control of programming control Y )
program program to be transferred as Echobacks the 2-byte data received
2-byte data (lower byte Echoback to host.
following upper byte) <
H'XX .
) > Echobacks received data to host and
Transmits 1-byte of - Echoback also transfers it to RAM (repeated
programming control program for N times)
(repeated for N times) |
1
Flash +
memory Checks flash memory data, erases all
erase 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,
. , HAA transmits data H'FF to host and
Receives data H'AA. - aborts operation.)
:
Branches to programming control
program transferred to on-chip RAM
and starts execution.
Table 185 Peripheral Clock (Pg) Frequenciesfor which Automatic Adjustment of LS| Bit

Rateis Possible

Host Bit Rate

Peripheral Clock Frequency Range of LSI

9,600 bps 4 to 40 MHz

19,200 bps 8 to 40 MHz
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18.6.2 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. As the flash memory itself cannot be read during
programming/erasing, transfer the user program/erase control program to on-chip RAM or
external memory. Figure 18.6 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
18.8, Flash Memory Programming/Erasing.

Reset-start

No
Program/erase?
Yes
Transfer user program/erase Branch to flash memory
control program to RAM application program

!

Branch to user program/erase
control program in RAM

l

FWP = low*

!

Execute user program/erase control
program (flash memory rewrite)

!

FWP = high

!

Branch to flash memory
application program

Note: * Do not constantly apply a low level to the FWP pin. Only apply a low level to the FWP pin when
programming or erasing the flash memory. To prevent excessive programming or excessive
erasing, while a low level is being applied to the FWP pin, activate the watchdog timer in case of
handling CPU runaways.

Figure 18.6 Programming/Erasing Flowchart Examplein User Program Mode
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18.7  Flash Memory Emulation in RAM

A setting in the RAM emulation register (RAMER) enables part of RAM to overlap with the flash
memory area so that data to be written to flash memory can be emulated in RAM inreal time.
Emulation can be performed in user mode or user program mode. Figure 18.7 shows an example
of emulation of real-time flash memory programming.

1. Set RAMER to overlap part of RAM with the area for which real-time programming is
required.

2. Emulation is performed using the overlapped RAM.

3. After the program data has been confirmed, the RAMS bit is cleared, thus releasing the RAM
overlap.

4. Thedatawritten in the overlapped RAM is written into the flash memory area.

( Start of emulation program )

| Set RAMER |

Write tuning data to
overlapped RAM

| Execute application program |

g

Yes

| Clear RAMER |

Write to flash memory
emulation block

( End of emulation program )

Figure 18.7 Flowchart for Flash Memory Emulation in RAM
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Figure 18.8 shows a sample procedure for flash memory block area overlapping.

1. The RAM areato be overlapped isfixed at a4-kbyte areain the range H'FFFFDOQO0 to
H'FFFFDFFF.

2. The flash memory areato be overlapped is selected by RAMER from a 4-kbyte area of the
EBO to EB7 blocks.

3. Theoverlapped RAM area can be accessed from both the flash memory addresses and RAM
addresses.

4. When the RAMS hit in RAMER is set to 1, program/erase protection is enabled for al flash
memory blocks (emulation protection). In this state, setting the P or E bitin FLMCR1 to 1
does not cause a transition to program mode or erase mode.

5. A RAM area cannot be erased by execution of software in accordance with the erase
algorithm.

6. Block area EBO contains the vector table. When performing RAM emulation, the vector table
is needed in the overlapped RAM.

This area can be accessed from
both the flash memory addresses
and RAM addresses.

H'00000 —————————— . o
EBO
HO1000 b —— . .
EB1 ) A
H'02000 ; :
EB2 | :
H'03000 ; !
EB3 ' :
H'04000 . .
EB4 | .
H'05000 ! |
EB5 . |
H'06000 ! |
EB6 . :
H'07000 : |
EB7 : |
H'08000 : |
: : ' \ HFFFFD000
Flash Memory H'FFFFDFFF
EBS to EB11 On-chip RAM
H'3FFFF H'FFFFEFFE

Figure 18.8 Example of RAM Overlap Operation (RAM[2:0] = b'000)
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18.8  Flash Memory Programming/Erasing

A software method using the CPU is employed to program and erase the flash memory in on-
board programming modes. Depending on the FLMCR1 and FLMCR2 settings, 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 use these operating modes in combination to
perform programming/erasing. Flash memory programming and erasing should be performed in
accordance with the descriptions in section 18.8.1, Program/Program-V erify Mode and section
18.8.2, Erase/Erase-Verify Mode, respectively.

18.8.1 Program/Program-Verify Mode

When writing data or programs to the flash memory, the program/program-verify flowchart shown
in Figure 18.9 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 to an empty address. Do not reprogram an address to which
programming has already been performed.

2. Programming should be carried out 128 bytes at atime. A 128-byte data transfer must be
performed even if writing fewer than 128 bytes. In this case, H'FF data must be written to the
extra addresses.

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 18.9.

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 P bit is set to 1 is the programming time. Figure 18.9 shows the
allowable programming time.

6. Thewatchdog timer (WDT) is set to prevent over programming due to program runaway, etc.
An overflow cycle of approximately 6.6 msisallowed.

7. For adummy write to averify address, write 1-byte data H'FF to an address to be read. Verify
data can be read in longwords from the address to which a dummy write was performed.

8. The number of repetitions of the program/program-verify sequence to the same bit should not
exceed the maximum number of programming (N).
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Notes: 1.

w N

&

o

Write pulse application subroutine Start of programming Perform programming in the erased state.

Do not perform additional programming

on previously programmed addresses.

[ Enable WOT | [ Set SWE bitin FLMCRL |
¥
Wait (t *
[ Set PSU bit in FLMCRL | [ Al (E;W_E) L ]+
] Store 128-byte program data in program
[ Wait (tspsu) HS ] 7 data area and reprogram data area 4
L]
[ Set P bit in FLMCRL | start of programming [ n=1 |
] ¥
=0
| Wait (tsp10, tsp30, or tsp200) s | *5*7 [ '“; ]
1 -
End of write 128-byte data from reprogram
[ Clear P b“v‘" FLMCR1 | data area in RAM to flash memory
[ Vit (cp) s |7 Sub-Routine-Call
1 [I Apply Write Pulse (tsp30 or tsp200) [] see note *6 for puise width
[ Clear PSU bit in FLMCRL |
[ Set PV bitin FLMCRL |
. . ¥
[ Wal (tcpsu) HS |7 [ Walt (tspu) S ] +2
[ Disable WDT ] [ HFF dummy write to verify address |
i ¥
End Sub [ Wait (‘zpvr) Hs ]2
| Read verify data | *2
Note *6. Write Pulse Width
Number of Writes n [ write Time (tsp) ps Increment address |
1 tp30 Wite data =
P 15030 verify data?
3 1sp30
4 1sp30
5 1p30
6 tsp30
7 15p200 [ Additional data ]
8 tsp200 1]
o 59200 Transfer additional-programming data to
P dditi - data area *4
10 15p200
11 15p200 ¥
12 15p200 [ Reprogram data computation ] 3
13 tsp200
- - [ Transfer reprogram data to reprogram data area | *4
128-byte
15p200
99 <P data verification completed?
999 15p200
1000 15p200
* Use a tsp10 write pulse for additional programming. [ Clear PV bitin FLMCRL |
]
RAM | Wait (tepy) HS | 7 Reprogram
Program data storage NG
area (128 bytes)
oK
Successively wiite 128-byte data from additional-
Reprogram data storage programming data area in RAM to flash memory
area (128 bytes) } Sub-Routine-Call
_ _ []Apply Write Pulse (tsp10) (Additional programming)[ |
‘Additional-programming
data storage area
(128 bytes)
Data transfer is performed by byte transfer. The lower 8 bits of the start address [ Clear SWE bit in FLMCR1 ][ Clear SWE bit in FLMCR1 |

to be written to must be H'00 or H'80.

A 128-byte data transfer must be performed even if writing fewer than 128 bytes; [
in this case, H'FF data must be written to the extra addresses.

Verify data is read in 32-bit (longword) units

Reprogram data is determined by the operation shown in the table below (E'\d of programming)
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 subsequent verify operation ends in failure.

A 128-byte area for the storage of programming data, a 128-byte area for the storage of reprogramming data, and a 128-byte area for the storage of additional-

programming data must be provided in RAM. The contents of the reprogram data area and additional-program 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, a 10 jis write pulse should be applied. Reprogram data X' means reprogram data when the write pulse is applied.

7
Wait (tgswe) 1S ] [ Wail (cswe) 1S ]+

7. The wait times and value of N are shown in section 22.5, Flash Memory characteristics.

Reprogram Data Computation Table dditional- Data C Table

Original Data | Verify Data| Reprogram Data Comments Reprogram Data | Verify Data Additional- Comments

() [ x) ) ) Data (¥)

0 0 1 Programming completed 0 0 0 ‘Additional programming to be executed
0 1 0 Programming incomplete; reprogram 0 1 1 ‘Additional programming not to be executed
1 0 1 1 0 1 ‘Additional programming not to be executed
1 1 1 Stillin erased state; no action 1 1 1 Additional programming not to be executed

Figure 18.9 Program/Program-Verify Flowchart
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18.8.2 Erase/Erase-Verify Mode

When erasing flash memory, the erase/erase-verify flowchart shown in figure 18.10 should be
followed.

1
2.

Prewriting (setting erase block datato all 0s) is not necessary.

Erasing is performed in block units. Make only a single-bit specification in the erase block
register 1 (EBRL1) and the erase block register 2 (EBR2). 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. An
overflow cycle of approximately 18.8 msis allowed.

For a dummy write to a verify address, write 1-byte data H'FF to the read address. 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. The number of repetitions of the erase/erase-verify sequence should
not exceed the maximum number of erasing (N).

18.8.3 Interrupt Handling when Programming/Erasing Flash Memory

All interrupts, including the NMI interrupt, are disabled while flash memory is being programmed
or erased, or while the boot program is executing, for the following three reasons:

1

An interrupt during programming/erasing may cause a violation of the programming or erasing
algorithm, with the result that normal operation cannot be assured.

If an 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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*

1

[ SWE bit - 1 ]
1
|—V\/ait(£5'mﬁu
1
| n1 |
)

| Set EBR1 'gnd EBR2 ]+3
{
[ Enable WDT |
1
[ ESU bit — 1 ]
L1
| Wait (tsesu) |
L]
I Ebit - 1 ]
1
[ Wait (tsg) |
1
[ E bit — 0 |
1
| Wait (tce) |
1
[ ESU bit — 0 |
1
| Wait (tcesu) |
L Disable WDT |
]
[ EV bit — 1 |
1

[ Wait ft§Ev) |

| Set block start address as verify address |

1
| H'FF dummy write to verify address |
1

| Wait itSEVR) |

| Read verify data

| Increment address |

Notes: 1.

2.
3.
4.

[ EV bit — 0 ] [ EV bit . 0 ]
[ T
Wait (tcev) [ Wait (tcev) |
<>
Yes
Yes
| SWE bit — 0 | [ SWE bit — 0 |
1
| Wait (tcswe) | | Wait (tcswe) |
End of erasing

Prewriting (setting erase block data to all 0s) is not necessary.

Verify data is read in 32-bit (longword) units.

Make only a single-bit specification in the erase block register 1 (EBR1) and the erase block register 2 (EBR2).
Erasing is performed in block units. To erase multiple blocks, each block must be erased in turn.

Figure 18.10 Erase/Erase-Verify Flowchart
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18.9  Program/Erase Protection

There are three kinds of flash memory program/erase protection; hardware protection, software
protection, and error protection.

18.9.1 Hardware Protection

Hardware protection refers to a state in which programming/erasing of flash memory isforcibly
disabled or aborted. Flash memory control register 1 (FLMCRZY), flash memory control register 2
(FLMCR?2), erase block register 1 (EBR1), and erase block register 2 (EBR2) areinitialized

Protect Function

Item Description Program Erase

FWP pin protect When a high level is input to the FWP pin, FLMCR1, Yes Yes
EBR 1, and EBR 2 are initialized, and the
program/erase protection state is entered.

Reset/standby In the reset state (including the reset state when the Yes Yes
protect WDT overflows) and standby mode, FLMCR1, EBR

1, and EBR 2 are initialized, and the program/erase

protection state is entered.

In a reset via the RES pin, the reset state is not
entered unless the RES pin is held low until
oscillation stabilizes after powering on. In the case
of a reset during operation, hold the RES pin low for
the RES pulse width specified in the AC
Characteristics section.

18.9.2 Software Protection

Software protection can be implemented against programming/erasing of all flash memory blocks
by clearing the SWE bit in FLMCRL1. When software protection isin effect, setting the P or E bit
in FLMCRL1 does not cause atransition to program mode or erase mode. By setting the erase
block register 1 (EBRL), erase protection can be set for individual blocks. When EBR1 is set to
H’ 00, erase protection is set for all blocks.
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Protect Function

Item Description Program Erase

SWE bit protect When the SWE bit in FLMCRL1 is cleared to O, Yes Yes
all blocks are program/erase-protected. (This
setting should be carried out in on-chip RAM.)

O

Block protect By setting the erase block register 1 (EBR1) and Yes
the erase block register 2 (EBR2), erase

protection can be set for individual blocks.

When both EBR1 and EBR?2 are set to H'00,
erase protection is set for all blocks.

Emulation protect When the RAMS bit in RAMER is set to 1, all Yes Yes
blocks are program/erase-protected.

18.9.3 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 forcibly 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.

*  When the flash memory isread during programming/erasing (including vector read and
instruction fetch)

* Immediately after exception handling (excluding areset) during programming/erasing

*  When a SLEEP instruction is executed during programming/erasing

The FLMCR1, FLMCR2, EBR1, and EBR? settings are retained, however program mode or erase
mode isforcibly aborted at the point when the error is detected. Program mode or erase mode
cannot be re-entered by re-setting the P or E bit. However, PV and EV bit settings are retained,
and atransition can be made to verify mode. The error protection state can be cancelled by the
power-on reset only.
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18.10 PROM Programmer Mode

In PROM programmer mode, a PROM programmer can be used to perform programming/erasing
viaa socket adapter, just as for adiscrete flash memory. Use a PROM programmer that supports
the Renesas 256-kbyte flash memory on-chip MCU device type (FZTAT256V3A).

18.11 Usage Note

»  Setting module standby mode

For flash memory, this module can be disabled/enabled by the module standby control register.
Flash memory operation is enabled for the initial value. Accessing flash memory is disabled
by setting module standby mode. For more information, see section 21, Power-Down Modes.

18.12 Noteswhen Converting the F-ZTAT Versionsto the Mask-ROM
Versions

Please note the following when converting the F-ZTAT versions to the mask-ROM versions, with
using the F-ZTAT application software.

In the mask-ROM version, addresses of the flash memory registers (refer to appendix A.1,
Register Addresses (Order of Address)) return undefined value if read.

When the F-ZTAT application software is used in the mask-ROM versions, the FWP pin level
cannot be determined. When converting the program, make sure the reprogramming
(erasing/programming) part of the flash memory and the RAM emulation part not to be initiated.

In the mask-ROM versions, boot mode pin setting should not be performed.

Note: Thisdifference appliesto all the F-ZTAT versions and all the mask-ROM versions that
have different ROM size.
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18.13 Noteson Flash Memory Programming and Erasing

Precautions concerning the use of on-board programming mode, the RAM emulation function, and
programmer mode are summarized below.

Use the specified voltages and timing for programming and erasing: Appling excessive
voltage beyond the specification can permanently damage the device. Use an EPROM
programmer that supports the Renesas microcomputer device having on-chip 256-kbyte flash
memory. Use only the specified socket adapter, otherwise a serious damage may occur.

Powering on and off (see figures 18.11 to 18.13): Do not apply alow level to the FWP pin until
V. has been stabilized. Also, drive the FWP pin high before turning off V.. If V__isto be
applied or disconnected, fix the FWP pin level at V. and place the flash memory in the hardware
protection state in advance.

Conditions for this power-on and power-off timing should also be applied in the event of a power
failure and subsequent recovery.

FWP application/disconnection (see figures 18.11 to 18.13): If V. ison or off while low level
isapplied to FWP pin, avoltage surge from low level on the RESET pin may cause unintentional
programming or erasing of flash memory. Applying voltage to FWP should be carried out while
MCU operation isin a stable condition. If MCU operation is not stable, fix the FWP pin high and
set the protection state. The following points must be observed concerning FWP application and
disconnection to prevent unintentional programming or erasing of flash memory:

» Apply voltage to FWP while the V . voltage is stable enough to satisfy the specification
voltage range.

* In boot mode, apply voltage to FWP or disconnect it during a reset.

» Prior to applying voltage while FWP pinisin low level in boot mode, ensure that the RESET
pin level issurely kept low despite the applying voltage isrising to V... Note that in a case
where |Csfor reset are used, the voltage level of RESET pin can transiently exceed 1/2V
whileV isrising.

e Inuser program mode, FWP can be switched between high and low level regardless of the
reset state. FWP input can also be switched during execution of a program in flash memory.

« Apply voltage to FWP while programs are not running away.

» Disconnect FWP only when the SWE, ESU, PSU, EV, PV, P, and E bitsin FLMCR1 are
cleared. Make sure that the SWE, ESU, PSU, EV, PV, P, and E bits are not set by mistake
when applying voltage to FWP pin or disconnecting.

Do not apply a constant low level to the FWP pin: If aprogram runs away while low level is
applied to FWP pin, incorrect programming or erasing may occur. Apply alow level to the FWP
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pin only when programming or erasing flash memory. Avoid creating a system configuration in
which alow level is constantly applied to the FWP pin. Also, while alow level is applied to the
FWP pin, the watchdog timer should be activated to prevent excess programming or excess
erasing due to program runaway, etc.

Use the recommended algorithm when programming and erasing flash memory: The
recommended algorithm enables programming and erasing to be carried out without subjecting the
device to voltage stress or sacrificing program data reliability. When setting the P or E bit in
FLMCRL, the watchdog timer should be set beforehand as a precaution against program runaway,
etc.

Do not set or clear the SWE bit during execution of a program in flash memory: Wait for at
least 100 ps after clearing the SWE bit before executing a program or reading datain flash
memory. When the SWE bit is set, datain flash memory can be rewritten. Access flash memory
only for verify operations (verification during programming/erasing). Also, do not clear the SWE
bit during programming, erasing, or verifying. Similarly, when using the RAM emulation function
while alow level is being input to the FWP pin, the SWE bit must be cleared before executing a
program or reading data in flash memory. However, the RAM area overlapping flash memory
space can be read and written to regardless of whether the SWE hit is set or cleared.

Do not useinterruptswhile flash memory isbeing programmed or erased: All interrupt
requests, including NMI, should be disabled during FWP application to give priority to
program/erase operations.

Do not perform additional programming. Erase the memory befor e reprogramming: In on-
board programming, perform only one programming operation on a 128-byte programming unit
block. In programmer mode, too, perform only one programming operation on a 128-byte
programming unit block. Programming should be carried out with the entire programming unit
block erased.

Befor e programming, check that the chip is correctly mounted in the EPROM programmer:
Overcurrent damage to the device can result if the index marks on the EPROM programmer
socket, socket adapter, and chip are not correctly aligned.

Do not touch the socket adapter or chip during programming: Casual contact with either of
these by hand or something while programming can generate a transient noise on the FWP and
RESET pins or cause incorrect programming or erasing due to bad electrical contact.

Reset the flash memory before turning on the power: If V. isapplied to the RESET pin while
in high state, mode signals are not correctly downloaded, causing MCU's runaway. In a case
where FWP pinisin low state, incorrect programming or erasing can occur.
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Apply thereset signal while SWE islow to reset the flash memory during itsoperation: The
reset signal is applied at least 100 ps after the SWE bit has been cleard.

Comply with power-on procedur e designated by the programmer maker: When executing an
on-board writing with a programmer, incorrect programming or erasing may occur unless the
power-on procedure designated by the programmer makersis applied.

Programming/erasing
Wait time: tsswe possible Wait time: 100 ps

. A

tose1 min O ps

*3
tups

FWP , /
MK \
MD3 to MDO** N

*3
tMDS

/ \

/ \

SWE SWE

set cleared
\\\\\\n A////

ms)
m
[0

SWE bit

Period during which flash memory access is prohibited
(tsswe: Walit time after setting SWE bit)*?

D Period during which flash memory can be programmed
(Execution of program if flash memory prohibited, and data reads other than verify operations prohibited)

Notes: 1. Except when switching modes, the level of the mode pins (MD3 to MDO) must be fixed until power-off by
pulling the pins up or down.
2. See Section 22.5, Flash Memory Characteristics in Electrical Characteristics.
3. See Section 22.3.3, Control Signal Timing in Electrical Characteristics.

Figure18.11 Power-On/Off Timing (Boot M ode)
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Programming/erasing
Wait time: tsswe possible Wait time: 100 ps

. |\

min O ps

fosc1
{ ﬁ[\;
FWP EEEEE:\ ,j;;;;/’_\_
MD3 to MDO** \

*3
tMDS

A NN

SWE SWE

set cleared
\ /

<
Q
3]

ms]
m
(2]

SWE bit

Period during which flash memory access is prohibited
(tsswe: Waiit time after setting SWE bit)*?

[] Period during which flash memory can be programmed
(Execution of program if flash memory prohibited, and data reads other than verify operations prohibited)

Notes: 1. Except when switching modes, the level of the mode pins (MD3 to MDO) must be fixed until power-off by
pulling the pins up or down.
2. See Section 22.5, Flash Memory Characteristics in Electrical Characteristics.
3. See Section 22.3.3, Control Signal Timing in Electrical Characteristics.

Figure 18.12 Power-On/Off Timing (User Program Mode)
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j=2} (=] [=)) [=))
£ £ £ £
g 8 8 g
. 2 e 2 e 2 e 2
H =) : O H=) 2D
] £ = = =
[} [] [} [}
[} [} [} (]
E §3 EG3 EG3 EG3
b [ 7} = D0 = D0 = D0
‘© E(D EE(I) aem 69'-/1
2 ad 2a8 248 2a8
v *a ] *a <] *a
CK
toscl
/
Vce —/
*2
tvps’ min O ps
Fwp _/_\[i‘ o | / \
tvps
ml
MD3 to MDO A
tuos 2 I'l
vos
\ tresw Y
/ —
RES _ AN
SWE SWE
set cleared
N >4
SWE bit
l\élode %1 Boot Mode ,, User User program mode User User
change mode change™™ mode mode program
mode

Period during which flash memory access is prohibited
(tsswe: Wait time after setting SWE bit)**

D Period during which flash memory can be programmed

(Execution of program in flash memory prohibited, and data reads other than verify operations prohibited)

Notes: 1.

must be carried out by means of RES input.

2. See Section 22.3.3, Control Signal Timing in Electrical Characteristics.

3. See Section 22.5, Flash Memory Characteristics in Electrical Characteristics.
4. Wait time: 100 ps.

When entering boot mode or making a transition from boot mode to another mode, mode switching

Figure 18.13 Mode Transition Timing

(Example: Boot Mode - User Mode - User Program Mode)
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Section 19 Mask ROM

This LSl is available with 64 kbytes or 128 kbytes of on-chip ROM. The on-chip ROM is
connected to the CPU and data transfer controller (DTC) through a 32-bit data bus (figures 19.1
and 19.2). The CPU and DTC can access the on-chip ROM in 8, 16 and 32-hit widths. Datain the
on-chip ROM can always be accessed in one cycle.

<

Internal data bus (32 bits)

>

U U U U

H'00000000 H'00000001 H'00000002 H'00000003
H'00000004 H'00000005 H'00000006 H'00000007
r 7N 7N 7N 7N
\_/ \_/ 2 % %
.\ Y, N N
On-chip ROM
H'0000FFFC H'0000FFFD H'0000FFFE H'0000FFFF
Figure19.1 Mask ROM Block Diagram (SH7148)
< Internal data bus (32 bits) >
H'00000000 H'00000001 H'00000002 H'00000003
H'00000004 H'00000005 H'00000006 H'00000007
/e 7Y 7N 7N 7N
= > = o >
On-chip ROM
H'0001FFFC H'0001FFFD H'0001FFFE H'0001FFFF

Figure19.2 Mask ROM Block Diagram (SH7048)
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The operating mode determines whether the on-chip ROM isvalid or not. The operating mode is
selected using mode-setting pins FWP and MD3 to MDO as shown in table 3.1. Only the mode 3 is
supported in thisLSI. The on-chip ROM is allocated to addresses H'00000000 to H'0000FFFF of
memory area 0 (SH7148), H'00000000 to H'0001FFFF of memory area 0 (SH7048).

19.1 UsageNote

»  Setting module standby mode
For mask ROM, this module can be disabled/enabled by the module standby control register.
Mask ROM operation is enabled for the initial value. Accessing mask ROM is disabled by
setting module standby mode. For more information, see section 21, Power-Down Modes.
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Section 20 RAM

The SH7046 Group has an on-chip high-speed static RAM. The on-chip RAM is connected to the
CPU, datatransfer controller (DTC) by a 32-bit data bus, enabling 8, 16, or 32-bit width accessto
datain the on-chip RAM. Datain the on-chip RAM can aways be accessed in one cycle,
providing high-speed access that makes this RAM ideal for use as a program area, stack area, or
data area. The contents of the on-chip RAM are retained in both sleep and software standby
modes.

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 the system control register (SY SCR), refer to section 21.2.2,
System Control Register (SYSCR).

Product Type Type of ROM RAM Capacity RAM Address
SH7046 Flash memory 12 kbytes H'FFFFDOO0O to
H'FFFFFFFF
Mask ROM 4 kbytes H'FFFFF00O0 to
H'FFFFFFFF

20.1 Usage Note

* Module Standby Mode Setting

RAM can be enabled/disabled by the module standby control register. Theinitia value enables
RAM operation. RAM accessis disabled by setting the module standby mode. For details, see
section 21, Power-Down Modes.
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Section 21 Power-Down Modes

In addition to the normal program execution state, this LS| has four power-down modes in which
operation of the CPU and oscillator is halted and power dissipation is reduced. Low-power
operation can be achieved by individually controlling the CPU, on-chip peripheral functions, and
so on.

This LSI's power-down modes are as follows:

(1) Sleep mode
(2) Software standby mode
(3) Module standby mode

Sleep mode indicates the state of the CPU, and modul e standby mode indicates the state of the on-
chip peripheral function (including the bus master other than the CPU). Some of these states can
be combined.

After areset, the LSI isin normal-operation mode.

Table 21.1 listsinternal operation states in each mode.
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Table21.1 Internal Operation Statesin Each Mode

Normal Module Software
Function operation Sleep Standby Standby
System clock pulse generator  Functioning Functioning Functioning Halted
CPU Instructions Functioning Halted Functioning Halted
Registers (retained) (retained)
_External NMI Functioning Functioning Functioning Functioning
interrupts TRQ3 o IRQO
Peripheral UBC Functioning Functioning Halted Halted
functions (reset) (retained)
DTC Functioning Functioning Halted Halted
(reset) (reset)
I/0 port Functioning Functioning Functioning Retained
WDT Functioning Functioning Functioning Halted
(retained)
SCI Functioning Functioning Halted Halted
D (reset) (reset)
MTU
CMT
MMT
ROM Functioning Functioning Halted Halted
(reset) (reset)
RAM Functioning Functioning Retained Retained

Notes: 1. "Halted (retained)" means that the operation of the internal state is suspended, although
internal register values are retained.

2. "Halted (reset)" means that internal register values and internal state are initialized.

3. In module standby mode, only modules for which a stop setting has been made are
halted (reset or retained).

4. There are two types of on-chip peripheral module registers; ones which are initialized in
software standby mode and module standby mode, and those not initialized those
modes. For details, refer to appendix A.3, Register States in Each Operating Mode.

5. The port high-impedance bit (HIZ) in SBYCR sets the state of the I/O port in software
standby mode. For details on the setting, refer to section 21.2.1, Standby Control
Register (SBYCR). For the state of pins, refer to appendix B, Pin States.
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Reset state

RES pin=High . Program-halted state

Program execution state

Sleep mode

(main clock)
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— : Transition after exception processing C): Power-down mode

Notes: * NMIand IRQ
e 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.
¢ A transition to the reset state occurs when RES is driven low.

Figure21.1 Mode Transition Diagram
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211 Input/Output Pins
Table 21.2 lists the pins relating to power-down mode.

Table21.2 Pin Configuration

Pin Name 1/0 Function
RES Input Power-on reset input pin
MRES Input Manual reset input pin

21.2 Register Descriptions

Registersrelated to power down modes are shown below. For details on register addresses and
register states during each process, refer to appendix A, Internal 1/0 Register.

« Standby control register (SBY CR)

» System control register (SY SCR)

* Module standby control register 1 (MSTCRL)
* Module standby control register 2 (MSTCR?2)

21.21 Standby Control Register (SBYCR)

SBY CRis an 8-bit readable/writable register that performs software standby mode control.

Initial
Bit Bit Name 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 after the SLEEP instruction has
been executed

1: Shifts to software standby mode after the SLEEP
instruction has been executed

This bit cannot be set to 1 when the watchdog timer
(WDT) is operating (when the TME bit in TCSR of the
WDT is set to 1). When transferring to software standby
mode, clear the TME bit to 0, stop the WDT, then set the
SSBY hit to 1.
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Initial

Bit Bit Name Value R/W Description

6 HIZ 0 R/W Port High-Impedance
In software standby mode, this bit selects whether the pin
state of the 1/O port is retained or changed to high-
impedance.
0: In software standby mode, the pin state is retained.
1: In software standby mode, the pin state is changed to

high-impedance.

The HIZ bit cannot be set to 1 when the TEM bit in TCSR
of the WDT is set to 1.
When changing the pin state of the I/O port to high-
impedance, clear the TEM bit to O, then set the HIZ bit to
1.

5 0 0 R Reserved
This bit is always read as 0, and should always be written
with 0.

4t0l1 O All'1 R Reserved
These bits are always read as 1, and should always be
written with 1.

0 IRQEL 1 R/W IRQ3 to IRQO Enable

IRQ interrupts are enabled to clear software standby
mode.

0: Software standby mode is cleared.
1: Software standby mode is not cleared.
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21.22 System Control Register (SYSCR)

SY SCR is an 8-hit readable/writable register that performs enables/disables the access to the on-

chip RAM.
Initial
Bit Bit Name Value R/W Description
7,6 0 All'l R/W Reserved
These bits are always read as 1, and should always be
written with 1.
5tol O AllO R Reserved
These bits are always read as 0, and should always be
written with 0.
0 RAME 1 R/W RAM Enable

This bit enables/disables the on-chip RAM.
0: On-chip RAM disabled
1: On-chip RAM enabled

When this bit is cleared to 0, the access to the on-chip
RAM is disabled. In this case, an undefined value is
returned when reading or fetching the data or instruction
from the on-chip RAM, and writing to the on-chip RAM is
ignored.

When RAME is cleared to 0 to disable the on-chip RAM,
an instruction to access the on-chip RAM should not be

set next to the instruction to write to SYSCR. If such an

instruction is set, normal access is not guaranteed.

When RAME is set to 1 to enable the on-chip RAM, an
instruction to read SYSCR should be set next to the
instruction to write to SYSCR. If an instruction to access
the on-chip RAM is set next to the instruction to write to
SYSCR, normal access is not guaranteed.
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21.2.3

Module Standby Control Registers1 and 2 (MSTCR1 and MSTCR2)

MSTCR, comprising two 16-bit readable/writable registers, performs module standby mode
control. Setting a bit to 1, the corresponding modul e enters module standby mode, while clearing
the bit to O clears the modul e standby mode.

MSTCR1
Initial
Bit Bit Name Value R/W Description
15t012 O All'1 R/W Reserved
These bits are always read as 1, and should always be
written with 1.
11 MSTP27 O R/W On-chip RAM
10 MSTP26 O R/W On-chip ROM
MSTP25 O R/W Data transfer controller (DTC)
MSTP24 0 R/W Set the identical value to MSTP25 and MSTP24,
respectively. When setting module standby, write b'11,
while clearing, write b'00.
7,6 a AllO R Reserved
These bits are always read as 0, and should always be
written with 0.
54 0 All 1 R/W Reserved
These bits are always read as 1, and should always be
written with 1.
MSTP19 1 R/W Serial communication interface 3 (SCI_3)
MSTP18 1 R/W Serial communication interface 2 (SCI_2)
1,0 ad All 1 R/W Reserved

These bits are always read as 1, and should always be
written with 1
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MSTCR2
Initial

Bit Bit Name Value R/W Description

15 O 1 R/W Reserved
This bit is always read as 1, and should always be
written with 1.

14 MSTP14 1 R/W Motor management timer (MMT)

13 MSTP13 1 R/W Multi-function timer pulse unit (MTU)

12 MSTP12 1 R/W Compare match timer (CMT)

11 O 0 R Reserved

10 O 0 R/W These bits are always read as 0, and should always be
written with 0.

938 O AllO R/W Reserved

These bits are always read as 0, and should always be
written with 0.

7 O 1 R/W Reserved

This bit is always read as 1, and should always be
written with 1.

6 MSTP6 1 R/W A/D converter (A/D2)
5 MSTPS 1 R/W A/D converter (A/D1)
4 MSTP4 1 R/W A/D converter (A/DO)
3tol O AllO R Reserved

These bits are always read as 0, and should always be
written with 0.

0 MSTPO 0 R/W User break controller (UBC)
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21.3 Operation

2131 Sleep Mode

Transition to Sleep Mode: If SLEEP instruction is executed while the SSBY bit in SBY CR =0,
the CPU enters sleep mode. 1n sleep mode, CPU operation stops, however the contents of the
CPU'sinternal registers are retained. Peripheral functions except the CPU do not stop.

In sleep mode, data should not be accessed by the DTC.
Clearing Sleep Mode: Sleep mode is cleared by the conditions below.

e Clearing by the power-on reset
When the RES pin is driven low, the CPU enters the reset state. When the RES pin is driven
high after the elapse of the specified reset input period, the CPU starts the reset exception
handling.
When an interna power-on reset by the WDT occurs, sleep modeis also cleared.

e Clearing by the manual reset
When the MRES pin is driven low while the RES pin is high, the CPU shifts to the manual
reset state and thus sleep mode is cleared.
When an internal manual reset by the WDT occurs, sleep mode is also cleared.

2132 Software Standby Mode

Transition to Softwar e Standby Mode: A transition is made to software standby mode if the
SLEEP instruction is executed while the SSBY bit in SBY CR is set to 1. In this mode, the CPU,
on-chip peripheral functions, and the oscillator, all stop.

However, the contents of the CPU's internal registers and on-chip RAM data are retained as long
as the specified voltage is supplied. There are two types of on-chip peripheral module registers;
oneswhich areinitialized by software standby mode, and those not initialized by that mode. For
details, refer to appendix A.3, Register States in Each Operating Mode. The port high-impedance
bit (HIZ) in SBY CR sets the state of the I/O port either to "retained" or "high-impedance”. For the
state of pins, refer to appendix B, Pin States. In software standby mode, the oscillator stops and
thus power consumption is significantly reduced.
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Clearing Software Standby Mode: Software standby mode is cleared by the condition below.

Clearing by the NMI interrupt input

When the falling edge or rising edge of the NMI pin (selected by the NMI edge select bit
(NMIE) in ICR1 of theinterrupt controller (INTC)) is detected, clock oscillation is started.
This clock pulseis supplied only to the watchdog timer (WDT).

After the elapse of thetime set in the clock select bits (CKS2 to CKS0) in TCSR of the WDT
before the transition to software standby mode, the WDT overflow occurs. Since this overflow
indicates that the clock has been stabilized, clock pulse will be supplied to the entire chip after
this overflow. Software standby mode is thus cleared and the NM1 exception handling is
started.

When clearing software standby mode by the NMI interrupt, set CKS2 to CK S0 bits so that the
WDT overflow period will be longer than the oscillation stabilization time.

When software standby mode is cleared by the falling edge of the NMI pin, the NMI pin
should be high when the CPU enters software standby mode (when the clock pulse stops) and
should be low when the CPU returns from standby mode (when the clock isinitiated after the
oscillation stabilization). When software standby mode is cleared by the rising edge of the

NMI pin, the NMI pin should be low when the CPU enters software standby mode (when the
clock pulse stops) and should be high when the CPU returns from software standby mode
(when the clock isinitiated after the oscillation stabilization).

Clearing by the RES pin

When the RES pin is driven low, clock oscillation is started. At the same time as clock
oscillation is started, clock pulse is supplied to the entire chip. Ensure that the RES pin is held
low until clock oscillation stabilizes. When the RES pin is driven high, the CPU starts the reset
exception handling.

Clearing by the IRQ interrupt input

When the IRQEL bit in the standby control register (SBY CR) is set to 1 and when thefalling
edge or rising edge of the IRQ pin (selected by the IRQ3S to IRQOS bitsin ICR1 of the
interrupt controller (INTC) and the IRQ3ES[1:0] to IRQOES[1:0] bitsin ICR2) is detected,
clock oscillation is started.” This clock pulseis supplied only to the watchdog timer (WDT).
The IRQ interrupt priority level should be higher than the interrupt mask level set in the status
register (SR) of the CPU before the transition to software standby mode.

After the elapse of the time set in the clock select bits (CKS2 to CKS0) in TCSR of the WDT
before the transition to software standby mode, the WDT overflow occurs. Since this overflow
indicates that the clock has been stabilized, clock pulse will be supplied to the entire chip after
this overflow. Software standby mode is thus cleared and the IRQ exception handling is
started.
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When clearing software standby mode by the IRQ interrupt, set CKS2 to CKS0 bits so that the
WDT overflow period will be longer than the oscillation stabilization time.

When software standby mode is cleared by the falling edge or both edges of the IRQ pin, the
IRQ pin should be high when the CPU enters software standby mode (when the clock pulse
stops) and should be low when the CPU returns from software standby mode (when the clock
isinitiated after the oscillation stabilization). When software standby modeis cleared by the
rising edge of the IRQ pin, the IRQ pin should be low when the CPU enters software standby
mode (when the clock pulse stops) and should be high when the CPU returns from software
standby mode (when the clock isinitiated after the oscillation stabilization).

Note: * WhentheIRQ pinis set to falling-edge detection or both-edge detection, clock
oscillation starts at falling-edge detection. When the IRQ pin is set to rising-edge
detection, clock oscillation starts at rising-edge detection. Do not set the IRQ pin to
low-level detection.

Softwar e Standby Mode Application Example: Figure 21.2 shows an examplein which a
transition is made to software standby mode at the falling edge of the NMI pin, and software
standby modeis cleared at arising edge of the NMI pin.

In this example, when the NMI pinis driven low while the NMI edge select bit (NMIE) in ICR1 is
0 (falling edge detection), an NM1 interrupt is accepted. Then, the NMIE bit is set to 1 (rising edge
detection) in the NMI exception service routine, the SSBY bit in SBY CRisset to 1, and a SLEEP

instruction is executed to transfer to software standby mode.

Software standby mode is cleared by driving the NMI pin from low to high.
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Figure21.2 NMI Timingin Software Standby Mode

21.3.3 Module Standby Mode
Module standby mode can be set for individual on-chip peripheral functions.

When the corresponding MSTP bit in MSTCR is set to 1, modul e operation stops at the end of the
bus cycle and a transition is made to modul e standby mode. The CPU continues operating
independently.

When the corresponding MSTP bit is cleared to 0, module standby mode is cleared and the
modul e starts operating at the end of the bus cycle. In module standby mode, the internal states of
modules are initialized.

After reset clearing, the SCI, MTU, MMT, CMT, and A/D converter are in module standby mode.

When an on-chip supporting module isin module standby mode, read/write access to its registers
is disabled.
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21.4  Usage Notes

2141 |/O Port Status

When atransition is mode to software standby mode while the port high-impedance bit (HIZ) in
SBYCRIisO, I/O port states are retained. Therefore, there is no reduction in current consumption
for the output current when a high-level signal is output.

21.42  Current Consumption during Oscillation Stabilization Wait Period

Current consumption increases during the oscillation stabilization wait period.

21.43 On-Chip Peripheral Module Interrupt

Relevant interrupt operations cannot be performed in module standby mode. Consequently, if the
CPU enters module standby mode while 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 standby mode.

2144 Writingto MSTCR1 and MSTCR2

MSTCR1 and MSTCR2 should only be written to by the CPU.

21.45 DTC Operation in Sleep Mode

In sleep mode, data should not be accessed by the DTC.
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Section 22 Electrical Characteristics

22.1  Absolute Maximum Ratings

Table 22.1 shows the absolute maximum ratings.

Table22.1 Absolute Maximum Ratings

Item Symbol Rating Unit
Power supply voltage Ve -0.3to+7.0 \%
Input voltage EXTAL pins Vin -0.3toV_+0.3 \%
All pins other than analog Vin -03toV_+03 \
input and EXTAL pins
Analog supply voltage AV -0.3t0+7.0 \%
Analog input voltage Va —0.3t0AV_+03 V
Operating temperature ~ Standard product® L -20to+ 75 °C
(except writing or -
erasing flash memory) Wide teinperature-range —-40to + 85
product
Operating temperature (writing or erasing flash Toveonr —-20to+ 75 °C
memory)
Storage temperature T -55to + 125 °C

stg

[Operating precaution]

Operating the LSI in excess of the absolute maximum ratings may result in permanent

damage.

Note: * See page 2 for correspondence of the standard product, wide temperature-range
product, and product model name.
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22.2 DC Characteristics

Table22.2 DC Characteristics

Conditions: V..=4.0to55V,AV_=4.0t055V,V =PLLV =AV_ =0V, T,=-20°Cto
+75°C (Standard product)**, T, = —40°C to +85°C (Wide temperature-range

product)™.
Measurement
Item Symbol  Min Typ Max Unit  Conditions
Input high-level RES, MRES, NMI, V., V.-07 O V. +0.3 \
voltage (except FWP, MD3 to MDO
Schmitt trigger gy V.-07 O V_+03 V
input voltage)
A/D port 2.2 0 AV, +03 V
Other input pins 2.2 O V. +0.3 \
Input low-level RES, MRES, NMI, V., -0.3 O 0.5 \
voltage (except FWP, MD3 to MDO,
Schmitt trigger EXTAL
input voltage) Other input pins -0.3 O 0.8 Y
Schmitt trigger  TRQ3 to IRQO, Vo (V) V,-05 0O V,+03 V
input voltage POES6 to POEO, .
TCLKAtoTCLKD, =MW 03 0 1.0 v
TIOCOA to TIOCOD, V. -V_ 0.4 g O vV
TIOCI1A, TIOC1B,
TIOC2A, TIOC2B,
TIOC3A to TIOC3D,
TIOC4A to TIOC4D
Input leak RES, MRES, NMI, [ 1,1 O o 1.0 WA Vin=0.5t0V,
current FWP, -0.5V
MD3 to MDO
Ports F and G O O 1.0 PA Vin =0.5to
AV, -05V
Other input pins O O 1.0 HA Vin=0.5t0 V.
-05V
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Measurement
Item Symbol  Min Typ Max Unit  Conditions
Three-state Ports A, B, and E [ 11 a | 1.0 HA Vin=05t0 V.
leak current -05V
(while OFF)
Output high- All output pins Vou V,.—-05 0O Y, I, =—200 pA
level voltage 3.5 0 Vv I =—1mA
Output low- All output pins Vo, O O 0.4 \ lo, =1.6 mA
levelvoltage ‘529 "pE11 10 PE2L 0 O 15 Vv l,, = 15 mA
Input RES C, O O 80 pF Vin=0V
capacitance o= 1 MHz
Ta=25°C
NMI O O 50 pF
All other input pins O O 20 pF
Current Normal  Clock 1:1 | O 130 160 mA @=40 MHz
. ko . N
consumption™=  operation '+, 4.1/5 0 160 180 mA =50 MHz
Sleep Clock 1:1 O 110 130 mA @ =40 MHz
Clock 1:1/2 O 110 130 mA ¢ =50 MHz
Standby O 1 10 MA T,<50°C
O g 50 HA 50°C < T,
Analog supply  During A/D Al O 3.0 5.0 mA
current conversion, A/D
converter idle state
During standby O O 5.0 HA
RAM standby voltage Ve 2.0 O O \ Ve

[Operating precaution]
When the A/D converter is not used, do not leave the AV ., and AV pins open.
Notes: 1. See page 2 for correspondence of the standard product, wide temperature-range
product, and product model name.
2. The current consumption is measured when V. min =V_-0.5V,V, =0.5V, with all
output pins unloaded.
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Table22.3 Permitted Output Current Values

Conditions; V..=4.0Vto55V,AV =40V to55V,V =PLLV=AV =0V, T,=-20°C
to +75°C (Standard product)**, T, = —40°C to +85°C (Wide temperature-range

product)™*.
Item Symbol Min Typ Max Unit
Output low-level permissible current lo. O O 2.0" mA
(per pin)
Output low-level permissible current b O O 110 mA
(total)
Output high-level permissible current -, g g 2.0 mA
(per pin)
Output high-level permissible current >, ad O 25 mA
(total)

[Operating precautions]
To assure LSI reliability, do not exceed the output values listed in this table.
Notes: 1. See page 2 for correspondence of the standard product, wide temperature-range
product, and product model name.
2. 1,,= 15 mA (max) about the pins PE9, PE11 to PE21. However, three pins at most are
permitted to have simultaneously I, > 2.0 mA among these pins.
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22.3 AC Characteristics

22.3.1 Test Conditionsfor the AC Characteristics

Input reference levels high level: V,, minimum value, low level: V, maximum value
Output reference levels  highlevel: 2.0V, low level: 0.8 V

loL

LSI output pin DUT output

VFEEF

lon

CL is a total value that includes the capacitance of measurement equipment, and is set as follows:
30 pF: IRQOUT

30 pF: Port output pins and peripheral module output pins other than the above

It is assumed that I, = 1.6 mA, gy = 200 pA in the test conditions.

Figure22.1 Output Load Circuit
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2232 Clock Timing
Table 22.4 shows the clock timing.

Table22.4 Clock Timing

Conditions; V..=4.0Vto55V,AV =40V t0o55V,V =PLLV=AV =0V, T,=-20°C
to +75°C (Standard product)”, T, = —40°C to +85°C (Wide temperature-range

product)”.

Item Symbol Min Max Unit Figures
Operating frequency 50MHz operation® fo 4 50 MHz Figure 22.2

40MHz operation® 4 40
Clock cycle time 50MHz operation” t. 20 250 ns

40MHz operation® 25 250
Clock low-level pulse width t., 4 O ns
Clock high-level pulse width t., 4 O ns
Clock rise time tq O 5 ns
Clock fall time te: O 5 ns
EXTAL clock input ~ 50MHz operation® fe 4 125 MHz  Figure 22.3
frequency 40MHz operation® 4 10.0
EXTAL clock input ~ 50MHz operation® teeye 80 250 ns
cycle time 40MHz operation® 100 250
EXTAL clock input ~ 50MHz operation® toe 35 O ns
:/c;iv(\j/;Level pulse 40MHz operation® 45 O
EXTAL clock input ~ 50MHz operation® o 35 O ns
CJ%Tt;level pulse 40MHz operation® 45 0
EXTAL clock input rise time tom O 5 ns
EXTAL clock input fall time toe O 5 ns
Reset oscillation settling time toser 10 O ms Figure 22.4
Standby return oscillation settling time tosco 10 O ms
Clock cycle time for peripheral modules t 25 500 ns

peyc

Note: * See page 2 for correspondence of the standard product, wide temperature-range
product, and product model name.
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2233 Control Signal Timing
Table 22.5 shows control signal timing.

Table22.5 Control Signal Timing

Conditions; V..=4.0Vto55V,AV =40V t0o55V,V =PLLV=AV =0V, T,=-20°C
to +75°C (Standard product)**, T, = —40°C to +85°C (Wide temperature-range

product)™*.

Item Symbol Min Max Unit  Figures
RES rise time, fall time teeso tresr O 200 ns Figure 22.5
RES pulse width foy 25 O . rigure226
RES setup time (. 19 0 ns

MRES pulse width tyresw 20 O e

MRES setup time tress 19 0 ns

MD3 to MDO setup time tos 20 O t.

NMI rise time, fall time [N 0 200 ns

NMI setup time s 19 O ns Figure 22.7
TRQ3 to IRQO setup time** (edge detection)  t,... 19 0 ns

TRQ3 to IRQO setup time™* (level detection) . 19 0 ns

NMI hold time [ 19 O ns

IRQ3 to IRQO hold time e 19 0 ns

IRQOUT output delay time trooo O 100 ns Figure 22.8

Notes: 1. See page 2 for correspondence of the standard product, wide temperature-range
product, and product model name.

2. The RES, MRES, NMI and TRQ3 to IRQO signals are asynchronous inputs, but when
the setup times shown here are observed, the signals are considered to have been
changed at clock rise (RES, MRES) or fall (NMI and IRQ3 to IRQO). If the setup times
are not observed, the recognition of these signals may be delayed until the next clock
rise or fall.
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2234  Multi-Function Timer Pulse Unit (MTU)Timing
Table 22.6 shows Multi-Function timer pulse unit timing.

Table22.6 Multi-Function Timer Pulse Unit Timing

Conditions; V..=4.0Vto55V,AV =40V t055V,V =PLLV=AV =0V, T,=-20°C
to +75°C (Standard product)”, T, = —40°C to +85°C (Wide temperature-range

product)”.
Item Symbol Min Max Unit Figures
Output compare output delay time o O 100 ns Figure 22.9
Input capture input setup time s 19 O ns
Timer input setup time toks 20 O ns Figure 22.10
Timer clock pulse width (single edge [ 15 O by
specified)
Timer clock pulse width (both edges S 2.5 O e
specified)
Timer clock pulse width (phase count S 2.5 O e

mode)

Note: * See page 2 for correspondence of the standard product, wide temperature-range
product, and product model name.
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Figure22.10 MTU Clock Input Timing
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2235 1/O Port Timing
Table 22.7 shows 1/O port timing.
Table22.7 1/0 Port Timing

Conditions; V..=4.0Vto55V,AV =40V t055V,V =PLLV=AV =0V, T,=-20°C
to +75°C (Standard product)”, T, = —40°C to +85°C (Wide temperature-range

product)”.
Item Symbol Min Max Unit Figures
Port output data delay time towo O 100 ns Figure 22.11
Port input hold time tor 19 O ns
Port input setup time tors 19 O ns

[Operating precaution]

The port input signals are asynchronous. They are, however, considered to have been
changed at CK clock falling edge with two-state intervals shown in figure 22.11. If the
setup times shown here are not observed, recognition may be delayed until the clock
falling two states after that timing.

Note: * See page 2 for correspondence of the standard product, wide temperature-range
product, and product model name.

« /O g S S SN

tprs | tprH

(eaa) X X

trwp
Port >Z
(write)

Figure22.11 1/O Port Input/Output timing
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2236 Watchdog Timer (WDT)Timing
Table 22.8 shows watchdog timer timing.

Table22.8 Watchdog Timer Timing
Conditions; V..=4.0Vto55V,AV =40V t0o55V,V =PLLV=AV =0V, T,=-20°C

to +75°C (Standard product)”, T, = —40°C to +85°C (Wide temperature-range
product)”.

Item Symbol Min Max Unit Figures

WDTOVF delay time towo 0 100 ns Figure 22.12

Note: * See page 2 for correspondence of the standard product, wide temperature-range
product, and product model name.

CK Vor VoH 7m

twovp twovp

WDTOVE ]L

Figure22.12 WDT Timing
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22.3.7 Serial Communication Interface (SCI)Timing
Table 22.9 shows serial communication interface timing.

Table22.9 Serial Communication Interface Timing

Conditions; V..=4.0Vto55V,AV =40V t055V,V =PLLV=AV =0V, T,=-20°C
to +75°C (Standard product)”, T, = —40°C to +85°C (Wide temperature-range

product)”.

Item Symbol Min Max Unit Figures
Input clock cycle b 4 O by Figure 22.13
Input clock cycle (clock sync) t 6 O e

Input clock pulse width to 0.4 0.6 b

Input clock rise time to O 15 e

Input clock fall time t O 15 e

Transmit data delay time to O 100 ns Figure 22.14
Received data setup time tos 100 O ns

Received data hold time t 100 O ns

RxH

[Operating precaution]

The inputs and outputs are asynchronous in asynchronous mode, but as shown in
figure 22.14, the received data is considered to have been changed at CK clock rise
(two-clock intervals). The transmit signals change with a reference of CK clock rise
(two-clock intervals).

Note: * See page 2 for correspondence of the standard product, wide temperature-range
product, and product model name.

SCK2, SCK3

Figure22.13 SCI Input Timing
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SCI input/output timing (clock synchronous mode)

(transmit data)

ts.(:yc
SCK2, SCK3 _/_X ZT\_
(input/output)
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TxD2, TxD3

RxD2, RxD3
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X

SCI input/output timing (asynchronous mode)

T, | Ty |
c VoH | V0H7 }
‘ A\ / ./ \
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(I(I
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(transmit data) (
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(received data)
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Figure22.14 SCI Input/Output Timing
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2238 Motor Management Timer (MMT) Timing

Table 22.10 Motor Management Timer Timing

Conditions; V..=4.0Vto55V,AV =40V to55V,V =PLLV=AV =0V, T,=-20°C
to +75°C (Standard product)”, T, = —40°C to +85°C (Wide temperature-range

product)”.
Item Symbol  Min Max Unit Figures
MMT output delay time troo 0 100 ns Figure 22.15
PCIO input (when input is set) setup time toos 35 g ns
PCIO input (when input is set) pulse width tocw 15 ad tpcyc

Note: * See page 2 for correspondence of the standard product, wide temperature-range
product, and product model name.

. O\

tvTop

MMT output

trcis

PCIO input \ /

tpciw

Figure22.15 MMT Input/Output Timing
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2239 Port Output Enable (POE) Timing

Table 22.11 Port Output Enable (POE) Timing

Conditions; V..=4.0Vto55V,AV =40V t055V,V =PLLV=AV =0V, T,=-20°C
to +75°C (Standard product)”, T, = —40°C to +85°C (Wide temperature-range

product)”.
Item Symbol Min Max Unit Figures
POE input setup time tooes 100 O ns Figure 22.16
POE input pulse width tooew 15 O tpcyc

Note: * See page 2 for correspondence of the standard product, wide temperature-range
product, and product model name.

CK

troEs

POE input \ /

troEw

Figure22.16 POE Input/Output Timing
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22.3.10 A/D Converter Timing
Table 22.12 shows A/D converter timing.

Table 22.12 A/D Converter Timing

Conditions; V..=4.0Vto55V,AV =40V t055V,V =PLLV=AV =0V, T,=-20°C
to +75°C (Standard product)”, T, = —40°C to +85°C (Wide temperature-range
product)®

Item Symbol Min Typ Max Unit Figure

External trigger input start tires 50 O O ns Figure 22.17
delay time

Note: * See page 2 for correspondence of the standard product, wide temperature-range
product, and product model name.

3 to 5 states

B i,
ADTRG input t «

trres

ADCR I
(ADST =1 set)

Figure22.17 External Trigger Input Timing
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22311 UBC Trigger Timing
Table 22.13 shows UBC trigger timing.

Table22.13 UBC Trigger Timing

Conditions; V..=4.0Vto55V,AV =40V t055V,V =PLLV =AV =0V, T,=-20°C
to +75°C (Standard product)”, T, = —40°C to +85°C (Wide temperature-range
product)®

Item Symbol Min Max Unit Figures

UBCTRG delay time t ad 35 ns Figure 22.18

UBCTGD

Note: * See page 2 for correspondence of the standard product, wide temperature-range
product, and product model name.

CK

tuscTep
UBCTRG

Figure22.18 UBC Trigger Timing
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224  A/D Converter Characteristics
Table 22.14 shows A/D converter characteristics.

Table 22.14 A/D Converter Characteristics

Conditions; V..=4.0Vto55V,AV =40V t0o55V,V =PLLV=AV =0V, T,=-20°C
to +75°C (Standard product)*®, T, = —40°C to +85°C (Wide temperature-range

product)**

Item Min Typ Max Unit

Resolution 10 10 10 bit

A/D conversion time O O 6.7°Y5.4"* s

Analog input capacitance ad ad 20 pF

Permitted analog signal source impedance g O 31 kQ

Non-linear error (reference value) ad ad + 3.0"Y LSB
+5.0%°

Offset error (reference value) g O + 3.0"Y LSB
+5.0%°

Full-scale error (reference value) ad ad + 3.0 LSB
+5.0"

Quantization error ad ad + 05 LSB

Absolute error 0 0 + 4.0 LSB
+6.0™

Notes: 1. Value when (CKS1,0)=(11)andt__=50ns

peyc

2. Value when (CKS1,0)=(11)andt__=40ns

pcyc
3. See page 2 for correspondence of the standard product, wide temperature-range
product, and product model name.
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225 Flash Memory Characteristics
Table 22.15 shows flash memory characteristics.

Table 22.15 Flash Memory Characteristics

Conditions; V..=4.0Vto55V,AV =40V t055V,V =PLLV=AV =0V, T,=-20°C
to +75°C (Standard product)*®, T, = —40°C to +85°C (Wide temperature-range

product)*®.
Iltem Symbol Min  Typ Max Unit Remarks
Programming time***2** t, O 10 200 ms/
128 bytes
Erase time”™"**** t. O 100 1200 ms/block
Reprogramming count N,ec 1007 10000™°— Times  Standard
product
Nec — — 100  Times Wide
temperature-
range
product
Data retained time tore 10 — — years
Programming Wait time after SWE bit setting™  t_, 1 1 O ps
Wait time after PSU bit setting™  t,, 50 50 O us
Wait time after P bit setting®*** o 28 30 32 Us Programming
time wait
{200 198 200 202 ps Programming
time wait
Lo 8 10 12 ps Additional-
programming
time wait
Wait time after P bit clear”* Cp 5 5 O us
Wait time after PSU bit clear™* s, 5 5 O us
Wait time after PV bit setting”* » 4 4 O us
Wait time after HFF dummy write™* Lo 2 2 O ps
Wait time after PV bit clear** t,, 2 2 O us
Wait time after SWE bit clear™ t.. 100 100 O us
Maximum programming count™*** N o 0O 1000 Times
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Iltem Symbol Min  Typ Max Unit Remarks
Erase Wait time after SWE bit setting™*  t_,, 1 1 O ps

Wait time after ESU bit setting™ 100 100 O us

Wait time after E bit setting™** t, 10 10 100 ms Erase time

wait

Wait time after E bit clear”* t, 10 10 O us

Wait time after ESU bit clear™* t,., 10 10 O us

Wait time after EV bit setting”* t,, 20 20 O us

Wait time after H'FF dummy write** t_, 2 2 O ps

Wait time after EV bit clear** t,, 4 4 O us

Wait time after SWE bit clear™ t.. 100 100 O us

Maximum erase count**** N 12 0 120 Times
Notes: Make each time setting in accordance with the program/program-verify algorithm or erase/erase-

verify algorithm.

Programming time per 128 bytes (shows the total period for which the P-bit in the flash memory
control register (FLMCR1) is set. It does not include the programming verification time.)

1-Block erase time (shows the total period for which the E-bit in FLMCRL1 is set. It does not include
the erase verification time.)

To specify the maximum programming time value (t, (max)) in the 128-bytes programming
algorithm, set the max. value (1000) for the maximum programming count (N).

The wait time after P bit setting should be changed as follows according to the value of the
programming counter (n).

Programming counter (n) = 1 to 6: tos = 30 Us
Programming counter (n) = 7 to 1000: t_,, = 200 ps
[In additional programming]

Programming counter (n) = 1 to 6: t,0 =10 s

For the maximum erase time (t. (max)), the following relationship applies between the wait time
after E bit setting (t,.) and the maximum erase count (N):

t.(max) = Wait time after E 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
When t_ =10 ms, N = 120 times

See page 2 for correspondence of the standard product, wide temperature-range product, and
product model name.

All characteristics after rewriting are guaranteed up to this minimum rewriting times
(therefore 1 to min. times).

Reference value at 25°C (A rough rewriting target number to which a rewriting usually functions)

Data retention characteristics when rewriting is executed within the specification values including
minimum values.
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Appendix A Internal I/0O Register

Appendix A Internal 1/O Register

The column “Access Size” shows the number of bits.

The column “Access States” shows the number of access states, in units of cycles, of the specified
reference clock. B, W, and L in the column represent 8-bit, 16-bit, and 32-bit access, respectively.

Al Register Addresses (Order of Address)

Access Access

Register Name Abbreviation Bits Address Module Size States
O 0 O H'FFFF8000to O ] O
H'FFFF81BF
Serial mode register_2 SMR_2 8 H'FFFF81CO0 SCI 8, 16 In Pocycles
Bit rate register_2 BRR_2 8 HFFFFgIC1  (channel2) 7 5\;.24
Serial control register_2 SCR_2 8 H'FFFF81C2 8, 16 .
Transmit data register_2 TDR_2 8 H'FFFF81C3 8
Serial status register_2 SSR 2 8 H'FFFF81C4 8, 16
Receive data register_2 RDR_2 8 H'FFFF81C5 8
Serial direction control register_2 SDCR_2 8 H'FFFF81C6 8
O 0 O H'FFFF81C7to O
H'FFFF81CF
Serial mode register_3 SMR_3 8 H'FFFF81D0 SCI 8, 16
Bit rate register_3 BRR_3 8 HFFFFgID1  (channel3) g
Serial control register_3 SCR_3 8 H'FFFF81D2 8, 16
Transmit data register_3 TDR_3 8 H'FFFF81D3 8
Serial status register_3 SSR_3 8 H'FFFF81D4 8, 16
Receive data register_3 RDR_3 8 H'FFFF81D5 8
Serial direction control register_3 SDCR_3 8 H'FFFF81D6 8
O 0 O H'FFFF81D7to O
H'FFFF81EF
O 0 O H'FFFF81FOto O ] O
H'FFFF81FF
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Access Access

Register Name Abbreviation Bits Address Module Size States
Timer control register_3 TCR_3 8 H'FFFF8200 MTU 8, 16,32 In Pgcycles
Timer control register_4 TCR_4 8  HFFFF8201 g’cgﬁgngs 75&:22
Timer mode register_3 TMDR_3 8 H'FFFF8202 8, 16 L: 4
Timer mode register_4 TMDR_4 8  HFFFF8203 r
Timer I/O control register H_3 TIORH_3 8 H'FFFF8204 8, 16, 32
Timer 1/O control register L_3 TIORL_3 8 H'FFFF8205 8
Timer I/O control register H_4 TIORH_4 8 H'FFFF8206 8, 16
Timer I/O control register L_4 TIORL_4 8 H'FFFF8207 8
Timer interrupt enable register_3 TIER_3 8 H'FFFF8208 8, 16, 32
Timer interrupt enable register_4 TIER_4 8 H'FFFF8209 8
Timer output master enable TOER 8 H'FFFF820A W
register
Timer output control register TOCR 8 H'FFFF820B 8
O 0 O H'FFFF820C
Timer gate control register TGCR 8 H'FFFF820D 8
O 0 O H'FFFF820E
O O | H'FFFF820F
Timer counter_3 TCNT_3 16 H'FFFF8210 16, 32
Timer counter_4 TCNT_4 16 H'FFFF8212 16
Timer period data register TCDR 16 HFFFF8214 16,32
Timer dead time data register TDDR 16 H'FFFF8216 16
Timer general register A_3 TGRA_3 16 H'FFFF8218 16, 32
Timer general register B_3 TGRB_3 16 H'FFFF821A 16
Timer general register A_4 TGRA_4 16 H'FFFF821C 16, 32
Timer general register B_4 TGRB_4 16  HFFFF821E 16
Timer sub-counter TCNTS 16 H'FFFF8220 16, 32
Timer period buffer register TCBR 16 H'FFFF8222 16
Timer general register C_3 TGRC_3 16 H'FFFF8224 16, 32
Timer general register D_3 TGRD_3 16 H'FFFF8226 16
Timer general register C_4 TGRC_4 16 H'FFFF8228 16, 32
Timer general register D_4 TGRD_4 16 H'FFFF822A 16
Timer status register_3 TSR_3 8  HFFFF822C 8,16
Timer status register_4 TSR_4 8 H'FFFF822D 8
O O | H'FFFF822E to

H'FFFF823F
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Access Access

Register Name Abbreviation Bits Address Module Size States
Timer start register TSTR 8 H'FFFF8240 MTU 8, 16 In Pocycles
Timer synchro register TSYR 8 HFFFFg241  (common) g 5\;22
O 0 O H'FFFF8242 to .
H'FFFF825F
Timer control register_0 TCR_O 8 H'FFFF8260 MTU 8, 16, 32 In Pgcycles
Timer mode register_0 TMDR_0 8 HFFFFg261  (channel0) g 5\;22
Timer I/O control register H_0 TIORH_O 8 H'FFFF8262 8,16 L: .4
Timer 1/O control register L_0 TIORL_O 8 H'FFFF8263 8
Timer interrupt enable register 0 TIER_O 8 H'FFFF8264 8, 16, 32
Timer status register_0 TSR_O 8 H'FFFF8265 8
Timer counter_0 TCNT_O 16 H'FFFF8266 16
Timer general register A_0 TGRA_O 16 H'FFFF8268 16, 32
Timer general register B_0 TGRB_0 16 H'FFFF826A 16
Timer general register C_0 TGRC_0 16 H'FFFF826C 16, 32
Timer general register D_0 TGRD_0 16 H'FFFF826E 16
O 0 O H'FFFF8270 to O
H'FFFF827F
Timer control register_1 TCR_1 8 H'FFFF8280 MTU 8, 16
Timer mode register_1 TMDR_1 8 HFFFFg2g1  (channell) 7
Timer I/O control register_1 TIOR_1 8 H'FFFF8282 8
O O | H'FFFF8283 g
Timer interrupt enable register_1 TIER_1 8 H'FFFF8284 8, 16, 32
Timer status register_1 TSR_1 8 H'FFFF8285 8
Timer counter_1 TCNT_1 16 H'FFFF8286 16
Timer general register A_1 TGRA_1 16 H'FFFF8288 16, 32
Timer general register B_1 TGRB_1 16 H'FFFF828A 16
O 0 O H'FFFF828C to O
H'FFFF829F
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Access Access
Register Name Abbreviation Bits Address Module Size States
Timer control register_2 TCR_2 8 H'FFFF82A0 MTU 8,16 In Pocycles
Timer mode register_2 TMDR_2 8 HFFFFg2A1  (channel2) g 5\;22
Timer I/O control register_2 TIOR_2 8 H'FFFF82A2 8 L: .4
O O H'FFFF82A3 g
Timer interrupt enable register_2 TIER_2 H'FFFF82A4 8, 16, 32
Timer status register_2 TSR_2 8 H'FFFF82A5 8
Timer counter_2 TCNT_2 16 H'FFFF82A6 16
Timer general register A_2 TGRA_2 16 H'FFFF82A8 16, 32
Timer general register B_2 TGRB_2 16 H'FFFF82AA 16
O 0 H'FFFF82AC to O
H'FFFF833F
O O H'FFFF8340to INTC g In @cycles
H'FFFF8347 B: 2
Interrupt priority register A IPRA 16 H'FFFF8348 8, 16 \If\'/:42
O 0 H'FFFF834A to O
H'FFFF834D
Interrupt priority register D IPRD 16 H'FFFF834E 8, 16
Interrupt priority register E IPRE 16 H'FFFF8350 8, 16, 32
Interrupt priority register F IPRF 16 H'FFFF8352 8, 16
Interrupt priority register G IPRG 16 H'FFFF8354 8, 16, 32
Interrupt priority register H IPRH 16 H'FFFF8356 8, 16
Interrupt control register 1 ICR1 16 H'FFFF8358 8, 16, 32
IRQ status register ISR 16 H'FFFF835A 8, 16
Interrupt priority register | IPRI 16 H'FFFF835C 8, 16, 32
Interrupt priority register J IPRJ 16 H'FFFF835E 8, 16
Interrupt priority register K IPRK 16 H'FFFF8360 8, 16, 32
O 0 H'FFFF8362 to O
H'FFFF8365
Interrupt control register 2 ICR2 8 H'FFFF8366 8, 16
O O H'FFFF8368 to g
H'FFFF837F
O O H'FFFF8380to [ O
H'FFFF8381
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Access Access
Register Name Abbreviation Bits Address Module Size States
Port A data register L PADRL 16 H'FFFF8382 110 8, 16 In @cycles
D T e T we
L:4
Port A 1/O register L PAIORL 16 H'FFFF8386 PFC 8, 16
O 0 O H'FFFF8388to O ]
H'FFFF8389
Port A control register L3 PACRL3 16 H'FFFF838A PFC 8, 16
Port A control register L1 PACRL1 16 H'FFFF838C 8, 16, 32
Port A control register L2 PACRL2 16 H'FFFF838E 8, 16
Port B data register PBDR 16  HFFFF8390  1/O 8,16
O 0 O H'FFFF8392to O ]
H'FFFF8393
Port B /O register PBIOR 16 H'FFFF8394 PFC 8, 16, 32
O O | H'FFFF8396to O g
H'FFFF8397
Port B control register 1 PBCR1 16 H'FFFF8398 PFC 8, 16, 32
Port B control register 2 PBCR2 16 H'FFFF839A 8, 16
O O | H'FFFF839Cto O g
H'FFFF83A1
O O H'FFFF83A2
H'FFFF83A4 to
H'FFFF83A5
H'FFFF83A6
O O H'FFFF83A8 to
H'FFFF83AB
O H'FFFF83AC g
O 0 H'FFFF83AE O
Port E data register L PEDRL 16 H'FFFF83B0 110 8, 16, 32
Port F data register PFDR 16 H'FFFF83B2 8, 16
Port E I/O register L PEIORL 16 H'FFFF83B4 PFC 8, 16, 32
Port E 1/O register H PEIORH 16 H'FFFF83B6 8, 16
Port E control register L1 PECRL1 16 H'FFFF83B8 8, 16, 32
Port E control register L2 PECRL2 16 H'FFFF83BA 8, 16
Port E control register H PECRH 16 H'FFFF83BC 8, 16, 32
Port E data register H PEDRH 16 H'FFFF83BE 110 8,16
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Access Access

Register Name Abbreviation Bits Address Module Size States
Input control/status register 1 ICSR1 16 H'FFFF83CO0 MTU 8, 16,32 In P@cycles
Output control/status register OCSR 16 H'FFFF83C2 8, 16 5\;.22
Input control/status register 2 ICSR2 16 HFFFF83C4  MMT 8, 16 L: 4
O O | H'FFFF83C6to O g
H'FFFF83CC
Port G data register PGDR 8 H'FFFF83CD /10 8 In @cycles
B: 2
W: 2
L:4
O O O H'FFFF83CEto O O O
H'FFFF83CF
Compare match timer start CMSTR 16 H'FFFF83D0 CMT 8, 16,32 In P@cycles
register B: 2
Compare match timer CMCSR_0 16 H'FFFF83D2 8, 16 \If\'/:42
control/status register_0 ’
Compare match timer counter 0 CMCNT_0 16 H'FFFF83D4 8, 16, 32
Compare match timer constant CMCOR_O 16 H'FFFF83D6 8, 16
register_0
Compare match timer CMCSR_1 16 H'FFFF83D8 8, 16, 32
control/status register_1
Compare match timer counter 1 CMCNT_1 16 H'FFFF83DA 8,16
Compare match timer constant ~ CMCOR_1 16 H'FFFF83DC 8, 16
register_1
O O | H'FFFF83DE
O O | H'FFFF83EO to O g O
H'FFFF842F
A/D data register 8 ADDRS8 16 H'FFFF8430 A/ID 8, 16 In Pocycles
A/D data register 9 ADDR9 16  HFFFFeas2  (chamnel0) gog 5\}_36
A/D data register 10 ADDR10 16 H'FFFF8434 8, 16
A/D data register 11 ADDR11 16 H'FFFF8436 8,16
A/D data register 12 ADDR12 16 H'FFFF8438 A/ID 8, 16
A/D data register 13 ADDR13 16 HFFFFgasa  (chamell) og
A/D data register 14 ADDR14 16 H'FFFF843C 8, 16
A/D data register 15 ADDR15 16 H'FFFF843E 8, 16
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Access Access

Register Name Abbreviation Bits Address Module Size States
A/D data register 16 ADDR16 16 H'FFFF8440 A/ID 8, 16 In Pocycles
A/D data register 17 ADDR17 16 HFFFFeasz  (channel2) gog 5&.36
A/D data register 18 ADDR18 16 H'FFFF8444 8, 16 .
A/D data register 19 ADDR19 16 H'FFFF8446 8, 16
O 0 O H'FFFF8448t0 O

H'FFFF847F
A/D control/status register_0 ADCSR_0 8 H'FFFF8480 A/D 8, 16
A/D control/status register_1 ADCSR_1 8 H'FFFF8481 8
A/D control/status register_2 ADCSR_2 8 H'FFFF8482 8
O O | H'FFFF8483 to g

H'FFFF8487
A/D control register_0 ADCR_O H'FFFF8488 8, 16
A/D control register_1 ADCR_1 H'FFFF8489 8
A/D control register_2 ADCR_2 H'FFFF848A 8
O O | H'FFFF848B to g

H'FFFF857F
Flash memory control register 1 ~ FLMCR1 8 H'FFFF8580 FLASH 8,16 In @ cycles
Flash memory control register 2~ FLMCR2 8 H'FFFF8581 SZ-S;FAT \?\}:36
Erase block register 1 EBR1 8 H'FFFF8582 8, 16
Erase block register 2 EBR2 8 H'FFFF8583 8
O O | H'FFFF8584 to g

H'FFFF85FF
User break address register H UBARH 16 H'FFFF8600 UBC 8, 16,32 In@cycles
User break address register L UBARL 16 HFFFF8602 816 3
User break address mask register UBAMRH 16 H'FFFF8604 8,16,32 L:6
H
User break address mask register UBAMRL 16 H'FFFF8606 8, 16
L
User break bus cycle register UBBR 16 H'FFFF8608 8, 16, 32
User break control register UBCR 16 H'FFFF860A 8, 16
O O | H'FFFF860C to

H'FFFF860F
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Access Access

Register Name Abbreviation Bits Address Module Size States
Timer control/status register TCSR 8 HFFFF8610  WDT 8*%/16™ In @cycles
Timer counter TCNT™ 8 H'FFFF8610 *1: Write 16 5\;.33
Timer counter TCNT* 8  HFFFF8611 cycle g
*2:Read
Reset control/status register RSTCSR*' 8  HFFFF8612 C;Cale 16
Reset control/status register RSTCSR™ 8 H'FFFF8613 8
Standby control register SBYCR 8 H'FFFF8614 Power- 8 In @cycles
down state B:3
O O O H'FFFF8615 to O O
H'FFFF8617
System control register SYSCR 8 H'FFFF8618 8 In P@cycles
O O 0 H'FFFF8619 to 0 5\}_33
H'FFFF861B Lo
Module standby control register 1 MSTCR1 16 H'FFFF861C 8, 16, 32
Module standby control register 2 MSTCR2 16 H'FFFF861E 8,16
Bus control register 1 BCR1 16 H'FFFF8620 BSC 8,16,32 In@cycles
O O O H'FFFF8622 to 0 5\}_33
H'FFFF8626 )
L:6
RAM emulation register RAMER 16 H'FFFF8628 FLASH 8, 16 In @cycles
B:3
W: 3
O O H'FFFF862Ato O O
H'FFFF864F
O O H'FFFF8650to 0O O
H'FFFF86FF
DTC enable register A DTEA 8 H'FFFF8700 DTC 8,16,32 In @cycles
DTC enable register B DTEB 8 H'FFFF8701 8 5\;.33
DTC enable register C DTEC 8 H'FFFF8702 8, 16 L:6
DTC enable register D DTED 8 H'FFFF8703 8
O O H'FFFF8704 to O
H'FFFF8705
DTC control/status register DTCSR 16 HFFFF8706 8,16
DTC information base register DTBR 16 H'FFFF8708 8, 16
O O H'FFFF870A to O

HFFFF870F
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Access Access
Register Name Abbreviation Bits Address Module Size States
DTC enable register E DTEE 8 H'FFFF8710 DTC 8, 16 In @cycles
DTC enable register F DTEF 8 H'FFFF8711 8 5\;:33
O 0 H'FFFF8712 to O L: 6
H'FFFF87F3
AD trigger select register ADTSR 8 H'FFFF87F4 A/D In Pocycles
O O H'FFFF87FS5 to g B:3
H'FFFF89FF
Timer mode register MMT_TMDR 8 H'FFFF8A00 MMT 8 In P@cycles
O O H'FFFF8AOL O \7}:22
Timer control register TCNR 8 H'FFFF8A02 8 L:4
O 0 H'FFFF8A03 O
Timer status register MMT_TSR 8 H'FFFF8A04 8
O 0 H'FFFF8A05 O
Timer counter MMT_TCNT 16 H'FFFF8A06 16
Timer period data register TPDR 16 H'FFFF8A08 16, 32
Timer period buffer register TPBR 16 H'FFFF8AOA 16
Timer dead time data register MMT_TDDR 16 H'FFFF8AQC 16
O O H'FFFF8AOQE to g
H'FFFF8AOF
Timer buffer register U_B TBRU_B 16 H'FFFF8A10 16, 32
Timer general register UU TGRUU 16 H'FFFF8A12 16
Timer general register U TGRU 16 H'FFFF8A14 16, 32
Timer general register UD TGRUD 16 H'FFFF8A16 16
Timer dead time counter O TDCNTO 16 H'FFFF8A18 16, 32
Timer dead time counter 1 TDCNT1 16 H'FFFF8A1A 16 In P@cycles
Timer buffer register U_F TBRU_F 16 H'FFFF8ALC 16 \If\:/:42
O 0 H'FFFFBALE to O
H'FFFF8A1F
Timer buffer register V_B TBRV_B 16 H'FFFF8A20 16, 32
Timer general register VU TGRVU 16 H'FFFF8A22 16
Timer general register V TGRV 16 H'FFFF8A24 16, 32
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Access Access
Register Name Abbreviation Bits Address Module Size States
Timer general register VD TGRVD 16 H'FFFF8A26 MMT 16 In Pocycles
Timer dead time counter 2 TDCNT2 16 H'FFFF8A28 16, 32 \If\'/:42
Timer dead time counter 3 TDCNT3 16 H'FFFF8A2A 16
Timer buffer register V_F TBRV_F 16 H'FFFF8A2C 16
O 0 H'FFFF8A2E to O
H'FFFF8A2F
Timer buffer register W_B TBRW_B 16  HFFFF8A30 16,32
Timer general register WU TGRWU 16 H'FFFF8A32 16
Timer general register W TGRW 16 H'FFFF8A34 16, 32
Timer general register WD TGRWD 16 H'FFFF8A36 16
Timer dead time counter 4 TDCNT4 16 H'FFFF8A38 16, 32
Timer dead time counter 5 TDCNT5 16 H'FFFF8A3A 16
Timer buffer register W_F TBRW_F 16 H'FFFF8A3C 16
O 0 H'FFFF8A3E to O
H'FFFFB4F3
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A2

Register Bits

Internal peripheral module register addresses and bit names are shown in the following table.

16-bit and 32-bit registers are shown in two and four rows of 8 bits, respectively.

Register

Abbreviation Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Module
SMR_2 C/A CHR PE OE STOP MP CKS1 CKS0 SCI
BRR_2 (channel 2)
SCR_2 TIE RIE TE RE MPIE TEIE CKE1 CKEO

TDR_2

SSR_2 TDRE RDRF ORER FER PER TEND MPB MPBT

RDR_2

SDCR_2 O O O DIR O O

SMR_3 C/A CHR PE OE STOP MP CKS1 CKS0 SCI
BRR 3 (channel 3)
SCR_3 TIE RIE TE RE MPIE TEIE CKE1 CKEO

TDR_3

SSR_3 TDRE RDRF ORER FER PER TEND MPB MPBT

RDR_3

SDCR_3 O O O DIR O O

O O O O O O O

TCR_3 CCLR2 CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1  TPSCO  MTU
TCR 4 CCLR2 CCLRL CCLRO CKEGL CKEGO TPSC2 TPSC1  TPSCO ;hdazg’e'ss
TMDR_3 O O BFB BFA MD3 MD2 MD1 MDO

TMDR_4 O O BFB BFA MD3 MD2 MD1 MDO

TIORH_3 I0B3 10B2 10B1 I0BO I0A3 10A2 I0A1 I0AO

TIORL_3 10D3 I0D2 I0D1 10D0 10C3 l10C2 10C1 10C0

TIORH_4 10B3 10B2 10B1 I0BO I0A3 I0A2 I0A1 I0A0

TIORL_4 10D3 I0D2 I0D1 10D0 10C3 l0C2 10C1 10CO

TIER_3 TTGE o TCIEV TGIED TGIEC TGIEB TGIEA

TIER_4 TTGE o TCIEV TGIED TGIEC TGIEB TGIEA

TOER O O OE4D OE4C OE3D OE4B OE4A OE3B

TOCR O PSYE O O O OLSN OLSP

TGCR O BDC N P FB WF VF UF

TCNT_3
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Register
Abbreviation Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2

Bit 1

Bit 0

Module

TCNT_ 4

TCDR

TDDR

TGRA_3

TGRB_3

TGRA_4

TGRB_4

TCNTS

TCBR

TGRC_3

TGRD_3

TGRC_4

TGRD_4

TSR_3 TCFD ] O TCFV TGFD TGFC

TGFB

TGFA

TSR_4 TCFD ] O TCFV TGFD TGFC

TGFB

TGFA

TSTR CST4 CST3 O ] O CST2

CST1

CSTO

TSYR SYNC4 SYNC3 O ] O SYNC2

SYNC1

SYNCO

MTU
(channels 3
and 4)

TCR_O CCLR2 CCLR1 CCLRO CKEG1 CKEGO TPSC2

TPSC1

TPSCO

TMDR_O ] ] BFB BFA MD3 MD2

MD1

MDO

TIORH_O 10B3 10B2 10B1 10B0O I0A3 I0A2

I0A1

I0A0

TIORL_O 10D3 10D2 10D1 10D0 10C3 10C2

10C1

10C0O

TIER_O TTGE ] O TCIEV TGIED TGIEC

TGIEB

TGIEA

MTU
(channel 0)
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Register

Abbreviation Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
TSR_O O O O TCFV  TGFD  TGFC  TGFB  TGFA  MTU

TCNT 0 (channel 0)
TGRA_O

TGRB_O

TGRC_0

TGRD_0

TCR_1 O CCLRL CCLRO CKEGL CKEGO TPSC2 TPSCL TPSCO  MTU

TMDR_1 o 0 o 0 MD3 MD2 MD1 MDO (channel 1)
TIOR_1 10B3 10B2 10B1 I0BO I0A3 I0A2 I0AL I0A0

TIER_1 TIGE O TCIEU  TCEV O O TGIEB  TGIEA

TSR_1 TCFD 0 TCFU  TCFV O O TGFB  TGFA

TCNT 1

TGRA_1

TGRB_1

TCR_2 O CCLRL CCLRO CKEGL CKEGO TPSC2 TPSCL TPSCO  MTU

TMDR_2 0 0 0 0 MD3 MD2 MD1 MDO (channel 2)
TIOR_2 10B3 1082 10B1 I0BO I0A3 I0A2 I0AL I0A0

TIER 2 TIGE O TCIEU  TCEV O O TGIEB  TGIEA

TSR 2 TCFD 0 TCFU  TCFV O O TGFB  TGFA

TCNT_2

TGRA_2

TGRB_2

0 o O o O o O o O o
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Register
Abbreviation Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
IPRA IRQO IRQO IRQO IRQO IRQ1 IRQ1 IRQ1 IRQ1 INTC
IRQ2 IRQ2 IRQ2 IRQ2 IRQ3 IRQ3 IRQ3 IRQ3
IPRD MTUO MTUO MTUO MTUO MTUO MTUO MTUO MTUO
MTU1 MTU1 MTU1 MTU1 MTU1 MTU1 MTU1 MTU1
IPRE MTU2 MTU2 MTU2 MTU2 MTU2 MTU2 MTU2 MTU2
MTU3 MTU3 MTU3 MTU3 MTU3 MTU3 MTU3 MTU3
IPRF MTU4 MTU4 MTU4 MTU4 MTU4 MTU4 MTU4 MTU4
O O O O O O O O
IPRG A/DO,1 A/DO,1 A/DO,1 A/DO,1 DTC DTC DTC DTC
CMTO CMTO CMTO CMTO CMT1 CMT1 CMT1 CMT1
IPRH wDT WDT WDT wDT I/O(MTU) I/O(MTU) I/O(MTU) l/O(MTU)
O O O O O O O O
ICR1 NMIL O O O O O O NMIE
IRQOS IRQ1S IRQ2S IRQ3S O O O O
ISR O O O O O O O O
IRQOF IRQ1F IRQ2F IRQ3F O | O ]
IPRI SCI2 SCI2 SCI2 SCI2 SCI3 SCI3 SCI3 SCI3
O O O O MMT MMT MMT MMT
IPRJ A/D2 A/ID2 A/ID2 A/ID2 O O O O
O O O O O O O O
IPRK /O(MMT)  I/O(MMT) I/O(MMT) 1/O(MMT) O O O O
O O O O O O O O
ICR2 IRQOES1 IRQOESO IRQ1ES1 IRQLESO IRQ2ES1 IRQ2ESO IRQ3ES1 IRQ3ESO
O O O O O O O O
O ] O ] O ] O ] O ]
PADRL PA15DR PA14DR PA13DR PA12DR PA11DR PA10DR PA9DR PA8SDR Port A
PA7DR PA6DR PASDR PA4DR PA3DR PA2DR PA1DR PAODR
PAIORL PA15I0R PA14I0R PA13IOR PA12I0R PA11lIOR PA10IOR PA9IOR PABIOR
PA7IOR PAGIOR PA5IOR PA4I0OR PA3IOR PA2IOR PALIOR PAOIOR
PACRL3 PA15MD2 PA14MD2 PA13MD2 PA12MD2 PA11MD2 PA10MD2 PASMD2 PA8MD2
PA7MD2 PA6MD2 PA5MD2 PA4MD2 PA3MD2 PA2MD2 PA1MD2 PAOMD2
PACRL1 PA15MD1 PA15MDO PA14MD1 PA14MDO PA13MD1 PA13MDO PA12MD1 PA12MDO
PA11MD1 PA11MDO PA10MD1 PA10MDO PA9MD1 PASMDO PA8SMD1 PA8MDO
PACRL2 PA7TMD1 PA7YMDO PA6MD1 PA6MDO PA5MD1 PAS5MDO PA4MD1 PA4MDO

PA3MD1 PA3MDO PA2MD1 PA2MDO PA1IMD1 PAIMDO PAOMD1 PAOMDO
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Register

Abbreviation Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module

PBDR O O O O O O O O Port B
O O PB5DR PB4DR PB3DR PB2DR O

PBIOR O O O O O O O O
O O PB5IOR PB4IOR PB3IOR PB2IOR 0O

PBCR1 O O PB5MD2 PB4MD2 PB3MD2 PB2MD2 O
O O O O O O O O

PBCR2 O O O O PB5MD1 PB5MDO PB4MD1 PB4MDO
PB3MD1 PB3MDO PB2MD1 PB2MDO O O O O

PEDRL PE15DR PE14DR PE13DR PE12DR PE11DR PE10DR PE9DR PE8SDR Port E
PE7DR PE6DR PE5DR PE4DR PE3DR PE2DR PE1DR PEODR

PFDR PF15DR PF14DR PF13DR PF12DR PF11DR PF10DR PF9DR PF8DR Port F
PF7DR PF6DR PF5DR PF4DR PF3DR PF2DR PF1DR PFODR

PEIORL PE15I0R PE14I10R PE13I0R PE12IOR PE11IOR PE10IOR PE9IOR PE8IOR PortE
PE7IOR PE6IOR PE5I0R PE4IOR PE3IOR PE2IOR PE1IOR PEOIOR

PEIORH O O O O O O O O
O O PE21IOR PE20IOR PE19IOR PE18IOR PE17I0R PE16I0OR

PECRL1 PE15MD1 PE15MDO PE14MD1 PE14MDO PE13MD1 PE13MDO PE12MD1 PE12MDO
PE11MD1 PE11MDO PE10MD1 PE10MDO PE9MD1 PESMDO PE8S8MD1 PE8MDO

PECRL2 PE7MD1 PE7MDO PE6MD1 PE6MDO PE5MD1 PE5MDO PE4MD1 PE4MDO
PE3MD1 PE3MDO PE2MD1 PE2MDO PE1MD1 PE1IMDO PEOMD1 PEOMDO

PECRH O O O O PE21MD1 PE21MDO PE20MD1 PE20MDO
PE19MD1 PE19MDO PE18MD1 PE18MDO PE17MD1 PE17MDO PE16MD1 PE16MDO

PEDRH O O O O O O O O
O O PE21DR PE20DR PE19DR PE18DR PE17DR PE16DR

O ] O ] O ] O ] O ]

ICSR1 POE3F POE2F POE1F POEOF O O O PIE MTU
POE3M1 POE3MO POE2M1 POE2MO POE1M1 POEIMO POEOM1 POEOMO

OCSR OSF O O O O OCE OIE

O O O O O O O

ICSR2 O POEGF POESF POE4F O O O PIE MMT
O O POE6M1 POE6MO POE5M1 POE5M0 POE4M1 POE4MO

O a O a O a O O O a

PGDR O O O O PG3DR PG2DR PG1DR PGODR Port G

O ] O ] O ] O ] O ]

Rev. 4.00 Dec 05, 2005 page 545 of 564

RENESAS

REJ09B0270-0400



Appendix A Internal I/0O Register

Register

Abbreviation Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module

CMSTR O O O O O O O O CMT
O O O O O O STR1 STRO

CMCSR_0 O O O O O O O O
CMF CMIE O ] O O CKS1 CKSO0

CMCNT_0

CMCOR_0

CMCSR_1 O O O O O O O O
CMF CMIE O ] O ] CKS1 CKSO

CMCNT_1

CMCOR_1

O a O a O ] O O O

ADDRS8 AD9 AD8 AD7 ADG6 AD5 AD4 AD3 AD2 A/ID
AD1 ADO O ] O ] ]

ADDR9 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
AD1 ADO O a O ] a

ADDR10 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
AD1 ADO O ] O ] ]

ADDR11 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
AD1 ADO O a O ] a

ADDR12 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
AD1 ADO O ] O ] ]

ADDR13 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
AD1 ADO O a O ] a

ADDR14 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
AD1 ADO O ] O ] ]

ADDR15 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
AD1 ADO O a O ] a

ADDR16 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
AD1 ADO O ] O ] ]

ADDR17 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
AD1 ADO O a O ] a
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Register
Abbreviation Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
ADDR18 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 A/ID
AD1 ADO O ] O ] O ]
ADDR19 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
AD1 ADO O ] O O O O
ADCSR_0 ADF ADIE ADM1 ADMO O CH2 CH1 CHO
ADCSR_1 ADF ADIE ADM1 ADMO O CH2 CH1 CHO
ADCSR_2 ADF ADIE ADM1 ADMO O CH2 CH1 CHO
ADCR_0 TRGE CKS1 CKSO0 ADST ADCS O O
ADCR_1 TRGE CKS1 CKSO0 ADST ADCS O O
ADCR_2 TRGE CKS1 CKSO0 ADST ADCS O O O
O a O a O a O O O a
FLMCR1 FWE SWE ESU PSU EV PV E P FLASH
FLMCR2 FLER O O O O O O O f;]i)TAT
EBR1 EB7 EB6 EB5 EB4 EB3 EB2 EB1 EBO
EBR2 O O O O EB11 EB10 EB9 EB8
O a O a O a O O O a
UBARH UBA31 UBA30 UBA29 UBA28 UBA27 UBA26 UBA25 UBA24 uBC
UBA23 UBA22 UBA21 UBA20 UBA19 UBA18 UBA17 UBA16
UBARL UBA15 UBA14 UBA13 UBA12 UBA1l UBA10 UBA9 UBAS8
UBA7 UBAG6 UBAS5 UBA4 UBA3 UBA2 UBA1 UBAO
UBAMRH UBM31 UBM30 UBM29 uBM28 uBM27 UBM26 UBM25 UBM24
uBM23 uBM22 uBm21 UBM20 UBM19 uBM18 uBM17 UBM16
UBAMRL UBM15 UBM14 UBM13 UBM12 UBM11 UBM10 UBM9 UBM8
UBM7 UBM6 UBMS UuBM4 UBM3 uBM2 UBM1 UBMO
UBBR O O O O O O O O
CP1 CPO ID1 IDO RW1 RWO SZ1 SZ0
UBCR O O O O O O O O
O O O O O CKS1 CKSO0 UBID
O ] O ] O ] O ] O ]
TCSR OVF WTAT TME O ] CKS2 CKS1 CKSO0 wWDT
TCNT
RSTCSR WOVF RSTE RSTS O a O O O
O ] O ] O ] O ] O ]

Rev. 4.00 Dec 05, 2005 page 547 of 564
REJ09B0270-0400
RENESAS



Appendix A Internal I/0O Register

Register
Abbreviation Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
SBYCR SSBY  Hiz 0 O 0 O 0 IRQEL  Power-down
SYSCR O O O O O O O RAME  Sate
MSTCR1 O O O O MSTP27 MSTP26 MSTP25 MSTP24
O O MSTP19 MSTP18 O o
MSTCR2 O MSTP14 MSTP13 MSTP12 O O O O
O MSTP6  MSTP5  MSTP4 O O O MSTPO
0 o O o O o O o O o
BCR1 O MMTRWE MTURWE 0O o O o O BSC
O O O O O O O
0 o O o O o O o O o
RAMER O O O O O O O O FLASH
RAMS  RAM2  RAML  RAMO
0 o O o O o O o O o
DTEA DTEA7 DTEA6 DTEA5 DTEA4 DTEA3 DTEA2 DTEAL DTEA0  DTC
DTEB DTEB7 DTEB6 DTEB5 DTEB4 DTEB3 DTEB2 DTEBL  DTEBO
DTEC DTEC? DTEC6 DTECS DTEC4 DTEC3 DTEC2 DTECL  DTECO
DTED DTED7 DTED6 DTEDS DTED4 DTED3 DTED2 DTEDL  DTEDO
DTCSR O O O O O NMIF AE SWDTE
DTVEC7 DTVEC6 DTVEC5 DTVEC4 DTVEC3 DTVEC2 DTVECL DTVECO
DTBR
DTEE O O DTEES DTEE4 DTEE3 DTEE2 DTEEl  DTEEO
DTEF DTEF7  DTEF6 DTEF5 DTEF4 O DTEF2 O o
ADTSR O O TRG2S1 TRG2S0 TRG1SI TRGISO TRGOSL TRGOSO A/D
0 o O o O o O o O o
MMT TMDR O CKS2  CKSL  CKSO  OLSN  OLSP  MD1 MDO MMT
TCNR TTIGE  CST RPRO O o O TGIEN  TGIEM
MMT TSR TCFD 0 O 0 O 0 TGFN  TGFM
MMT_TCNT
TPDR
TPBR
MMT_TDDR
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Register
Abbreviation Bit7 Bit 6 Bit 5 Bit 4

Bit 3

Bit 2 Bit1 Bit 0 Module

TBRU_B

MMT

TGRUU

TGRU

TGRUD

TDCNTO

TDCNT1

TBRU_F

TBRV_B

TGRVU

TGRV

TGRVD

TDCNT2

TDCNT3

TBRV_F

TBRW_B

TGRWU

TGRW

TGRWD
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Register
Abbreviation Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module

TDCNT4 MMT

TDCNT5

TBRW_F
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A3 Register Statesin Each Operating Mode

Register Power-On Manual Software Module

Abbreviation Reset Reset Standby Standby Sleep Module
SMR_2 Initialized Held Initialized Initialized Held SCI (channel 2)
BRR_2 Initialized Held Initialized Initialized Held

SCR_2 Initialized Held Initialized Initialized Held

TDR_2 Initialized Held Initialized Initialized Held

SSR 2 Initialized Held Initialized Initialized Held

RDR_2 Initialized Held Initialized Initialized Held

SDCR_2 Initialized Held Initialized Initialized Held

SMR_3 Initialized Held Initialized Initialized Held SCI (channel 3)
BRR_3 Initialized Held Initialized Initialized Held

SCR_3 Initialized Held Initialized Initialized Held

TDR_3 Initialized Held Initialized Initialized Held

SSR_3 Initialized Held Initialized Initialized Held

RDR_3 Initialized Held Initialized Initialized Held

SDCR_3 Initialized Held Initialized Initialized Held

TCR_3 Initialized Held Initialized Initialized Held MTU (channels 3
TCR 4 Initialized  Held Initialized  Initialized  Held and 4)
TMDR_3 Initialized Held Initialized Initialized Held

TMDR_4 Initialized Held Initialized Initialized Held

TIORH_3 Initialized Held Initialized Initialized Held

TIORL_3 Initialized Held Initialized Initialized Held

TIORH_4 Initialized Held Initialized Initialized Held

TIORL_4 Initialized Held Initialized Initialized Held

TIER_3 Initialized Held Initialized Initialized Held

TIER_4 Initialized Held Initialized Initialized Held

TOER Initialized Held Initialized Initialized Held

TOCR Initialized Held Initialized Initialized Held

TGCR Initialized Held Initialized Initialized Held

TCNT_3 Initialized Held Initialized Initialized Held

TCNT_4 Initialized Held Initialized Initialized Held

TCDR Initialized Held Initialized Initialized Held

TDDR Initialized Held Initialized Initialized Held
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Register Power-On Manual Software Module

Abbreviation Reset Reset Standby Standby Sleep Module
TGRA_3 Initialized Held Initialized Initialized Held MTU (channels 3
TGRB_3 Initialized  Held Initialized  Initialized  Held and 4)
TGRA 4 Initialized Held Initialized Initialized Held

TGRB_4 Initialized Held Initialized Initialized Held

TCNTS Initialized Held Initialized Initialized Held

TCBR Initialized Held Initialized Initialized Held

TGRC_3 Initialized Held Initialized Initialized Held

TGRD_3 Initialized Held Initialized Initialized Held

TGRC_4 Initialized Held Initialized Initialized Held

TGRD_4 Initialized Held Initialized Initialized Held

TSR_3 Initialized Held Initialized Initialized Held

TSR_4 Initialized Held Initialized Initialized Held

TSTR Initialized Held Initialized Initialized Held

TSYR Initialized Held Initialized Initialized Held

TCR_O Initialized Held Initialized Initialized Held MTU (channel 0)
TMDR_O Initialized Held Initialized Initialized Held

TIORH_O Initialized Held Initialized Initialized Held

TIORL_O Initialized Held Initialized Initialized Held

TIER_O Initialized Held Initialized Initialized Held

TSR_O Initialized Held Initialized Initialized Held

TCNT_O Initialized Held Initialized Initialized Held

TGRA O Initialized Held Initialized Initialized Held

TGRB_0 Initialized Held Initialized Initialized Held

TGRC_0 Initialized Held Initialized Initialized Held

TGRD_0 Initialized Held Initialized Initialized Held

TCR_1 Initialized Held Initialized Initialized Held

TMDR_1 Initialized Held Initialized Initialized Held

TIOR_1 Initialized Held Initialized Initialized Held

TIER_1 Initialized Held Initialized Initialized Held

TSR_1 Initialized Held Initialized Initialized Held

TCNT_1 Initialized Held Initialized Initialized Held
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Register Power-On Manual Software Module

Abbreviation Reset Reset Standby Standby Sleep Module
TGRA_1 Initialized Held Initialized Initialized Held MTU (channel 2)
TGRB_1 Initialized Held Initialized Initialized Held

TCR_2 Initialized Held Initialized Initialized Held

TMDR_2 Initialized Held Initialized Initialized Held

TIOR_2 Initialized Held Initialized Initialized Held

TIER_2 Initialized Held Initialized Initialized Held

TSR_2 Initialized Held Initialized Initialized Held

TCNT_2 Initialized Held Initialized Initialized Held

TGRA_2 Initialized Held Initialized Initialized Held

TGRB_2 Initialized Held Initialized Initialized Held

IPRA Initialized Initialized  Held O Held INTC
IPRD Initialized Initialized  Held O Held

IPRE Initialized Initialized  Held O Held

IPRF Initialized Initialized  Held O Held

IPRG Initialized Initialized  Held O Held

IPRH Initialized Initialized  Held O Held

ICR1 Initialized Initialized  Held O Held

ISR Initialized Initialized  Held O Held

IPRI Initialized Initialized  Held O Held

IPRJ Initialized Initialized  Held O Held

IPRK Initialized Initialized  Held O Held

ICR2 Initialized Initialized  Held O Held

PADRL Initialized Held Held O Held Port A
PAIORL Initialized Held Held O Held

PACRL3 Initialized Held Held O Held

PACRL1 Initialized Held Held O Held

PACRL2 Initialized Held Held O Held

PBDR Initialized Held Held O Held Port B
PBIOR Initialized Held Held O Held

PBCR1 Initialized Held Held O Held

PBCR2 Initialized Held Held O Held

PEDRL Initialized Held Held O Held Port E
PFDR Held Held Held O Held Port F
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Appendix A Internal I/0O Register

Register Power-On Manual Software Module

Abbreviation Reset Reset Standby Standby Sleep Module
PEIORL Initialized Held Held O Held Port E
PEIORH Initialized Held Held O Held

PECRL1 Initialized Held Held O Held

PECRL2 Initialized Held Held O Held

PECRH Initialized Held Held O Held

PEDRH Initialized Held Held O Held

ICSR1 Initialized Held Held Held Held MTU
OCSR Initialized Held Held Held Held

ICSR2 Initialized Held Held Held Held MMT
PGDR Held Held Held O Held Port G
CMSTR Initialized Held Initialized Initialized Held CMT
CMCSR_0 Initialized Held Initialized Initialized Held

CMCNT_O Initialized Held Initialized Initialized Held

CMCOR_O Initialized Held Initialized Initialized Held

CMCSR_1 Initialized Held Initialized Initialized Held

CMCNT_1 Initialized Held Initialized Initialized Held

CMCOR_1 Initialized Held Initialized Initialized Held

ADDRS8 Initialized Held Initialized Initialized Held A/D
ADDR9 Initialized Held Initialized Initialized Held

ADDR10 Initialized Held Initialized Initialized Held

ADDR11 Initialized Held Initialized Initialized Held

ADDR12 Initialized Held Initialized Initialized Held

ADDR13 Initialized Held Initialized Initialized Held

ADDR14 Initialized Held Initialized Initialized Held

ADDR15 Initialized Held Initialized Initialized Held

ADDR16 Initialized Held Initialized Initialized Held

ADDR17 Initialized Held Initialized Initialized Held

ADDR18 Initialized Held Initialized Initialized Held

ADDR19 Initialized Held Initialized Initialized Held

ADCSR_O Initialized Held Initialized Initialized Held

ADCSR_1 Initialized Held Initialized Initialized Held

ADCSR_2 Initialized Held Initialized Initialized Held
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Appendix A Internal I/0O Register

Register Power-On Manual Software Module
Abbreviation Reset Reset Standby Standby Sleep Module
ADCR_O Initialized Held Initialized Initialized Held A/ID
ADCR_1 Initialized Held Initialized Initialized Held
ADCR_2 Initialized Held Initialized Initialized Held
FLMCR1 Initialized Initialized  Initialized Initialized Held FLASH
FLMCR2 Initialized Initialized  Initialized Initialized Held
EBR1 Initialized Initialized  Initialized Initialized Held
EBR2 Initialized Initialized  Initialized Initialized Held
UBARH Initialized Held Held Initialized Held UBC
UBARL Initialized Held Held Initialized Held
UBAMRH Initialized Held Held Initialized Held
UBAMRL Initialized Held Held Initialized Held
UBBR Initialized Held Held Initialized Held
UBCR Initialized Held Held Initialized Held
TCSR Initialized Initialized  Initialized/ O Held WDT
Held**
TCNT Initialized Initialized  Initialized O Held
RSTCSR Initialized/ Held Initialized O Held
Held"
SBYCR Initialized Initialized  Held O Held Power-down state
SYSCR Initialized Held Held O Held
MSTCR1 Initialized Held Held O Held
MSTCR2 Initialized Held Held O Held
BCR1 Initialized Held Held O Held BSC
RAMER Initialized Held Held O Held FLASH
DTEA Initialized Held Initialized Initialized Held DTC
DTEB Initialized Held Initialized Initialized Held
DTEC Initialized Held Initialized Initialized Held
DTED Initialized Held Initialized Initialized Held
DTCSR Initialized Held Initialized Initialized Held
DTBR Undefined Held Held Held Held
DTEE Initialized Held Initialized Initialized Held
DTEF Initialized Held Initialized Initialized Held
ADTSR Initialized Held Held O Held A/ID
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Appendix A Internal I/0O Register

Register Power-On Manual Software Module
Abbreviation Reset Reset Standby Standby Sleep Module
MMT_TMDR Initialized Held Initialized Initialized Held MMT
TCNR Initialized Held Initialized Initialized Held
MMT_TSR Initialized Held Initialized Initialized Held
MMT_TCNT Initialized Held Initialized Initialized Held
TPDR Initialized Held Initialized Initialized Held
TPBR Initialized Held Initialized Initialized Held
MMT_TDDR Initialized Held Initialized Initialized Held
TBRU_B Initialized Held Initialized Initialized Held
TGRUU Initialized Held Initialized Initialized Held
TGRU Initialized Held Initialized Initialized Held
TGRUD Initialized Held Initialized Initialized Held
TDCNTO Initialized Held Initialized Initialized Held
TDCNT1 Initialized Held Initialized Initialized Held
TBRU_F Initialized Held Initialized Initialized Held
TBRV_B Initialized Held Initialized Initialized Held
TGRVU Initialized Held Initialized Initialized Held
TGRV Initialized Held Initialized Initialized Held
TGRVD Initialized Held Initialized Initialized Held
TDCNT2 Initialized Held Initialized Initialized Held
TDCNT3 Initialized Held Initialized Initialized Held
TBRV_F Initialized Held Initialized Initialized Held
TBRW_B Initialized Held Initialized Initialized Held
TGRWU Initialized Held Initialized Initialized Held
TGRW Initialized Held Initialized Initialized Held
TGRWD Initialized Held Initialized Initialized Held
TDCNT4 Initialized Held Initialized Initialized Held
TDCNT5 Initialized Held Initialized Initialized Held
TBRW_F Initialized Held Initialized Initialized Held

Notes: 1. The bits 7 to 5 (OVF, WT/IT, and TME) in TCSR are initialized and the bits 2 to 0 (CKS2
to CKSO0) are retained.

2. RSTCSR is retained in spite of power-on reset by WDT overflow.
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Appendix B Pin States

The initial values differ in each MCU operating mode. For details, refer to section 16, Pin
Function Controller (PFC).

TableB.1 Pin States

Pin Function Pin State
Reset State Power-Down State
Type Pin Name Power-On Software
Manual Sleep
Single-Chip Standby
Clock XTAL o o L o
EXTAL | | | |
PLLCAP | | | |
System Control | RES I I I I
MRES z [ z** [
WDTOVF o** o] o] o]
Operation MDO to MD3 | | | |
Mode Control FWP | | | |
Interrupt NMI | | | |
IRQO to IRQ3 z | z* [
IRQOUT z ¢} K** o)
MTU TCLKA to TCLKD Z | Z |
TIOCOA to TIOCOD z 110 K** /0

TIOCI1A, TIOC1B
TIOC2A, TIOC2B
TIOCS3A, TIOC3C

TIOC3B, TIOC3D z 110 z*? 110
TIOC4A to TIOC4D

MMT PCIO Z 110 K** 110
PUOA, PUOB z 0 z" 0
PVOA, PVOB
PWOA, PWOB
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Pin Function Pin State
Reset State Power-Down State
Type Pin Name Power-On Software
Manual Sleep
Single-Chip Standby
Port control POEO to POE6 z I z I
SCI SCK2, SCK3 Z I/0 Z 110
RXD2, RXD3 Z | Z |
TXD2, TXD3 z ¢} o™ ¢}
A/D converter | AN8 to AN19 z | z |
ADTRG z I z [
1/O port PAO to PA15 Z 110 K** 110
PBO to PB5
PEO to PES, PE10
PE9, PE11 to PE21 Z 110 z** 1/0
PFO to PF15 Z | VA |
PGO to PG3 VA | VA |
UBC UBCTRG z ¢} o™ ¢}
Legend:
I Input
O: Output
H: High-level output
L: Low-level output
Z: High impedance
K: Input pins become high-impedance, and output pins retain their state.

Notes: 1. When the HIZ bitin SBYCR is set to 1, the output pins enter their high-impedance state.

2. Those pins multiplexed with large-current pins unconditionally enter their high-
impedance state.

3. This pin operates as an input pin during a power-on reset. This pin should be pulled up
to avoid mulfunction.

4. This pin operates as an input pin when the IRQEL bit in SBYCR is cleared to 0.
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Appendix C Product Code Lineup

Product Type

Product Code

Package
(Previous Code)

SH7046

Flash memory version  Standard product HD64F7046 PRQPO0O080JD-A
(FP-80Q)

Mask ROM version Standard product HD6437048 PRQP0080JD-A
HD6437148 (FP-80Q)
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Appendix D Package Dimensions

JEITA Package Code | RENESAS Code | Previous Code | MASS[Typ] |
P-QFP80-14x14-0.65 | PRQP0080JD-A | FP-80Q/FP-80QV | 129 |

NOTE)
1. DIMENSIONS"*1"AND"*2"
DO NOT INCLUDE MOLD FLASH
2. DIMENSION"*3"DOES NOT
INCLUDE TRIM OFFSET.

HRARARRRRARRRRARRARE

Reference] Dimension in Millimeters

. o
Terminal cross section ™| Min | Nom | Max

D | — | 14—

ARARARARRAARRRARARRR
(REEERRRREEEERLL:

E | — [ 14 [ —

f

Az | — 1270 —

Hp[17.0[ 172|174

FARER AR RRRERg Fo 1701 172 174

{

2 R Al — | — 1305
£ < TL 44 A1]0.00]0.10 | 0.25
b, [0.24]0.32]0.40

A A
JE c |0.12]0.17|0.22

Detail F al— 015 —

] be | —| &
= Sl ®] o [ — (065 —

X — | — |0.12

y — | — 10.10

Zo| — |083] —

Ze | — 083 —

L 06 | 08 ] 1.0

Lo — |16 —

FigureD.1 PRQPO0080JD-A
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