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Notice

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

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

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

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

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

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

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

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

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

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

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

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

owned subsidiaries.

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

This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any
intellectual property rights or any other rights of Renesas or any third party with respect to the information in
this document.
Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising
out of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.
You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.
All information included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com )
Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.
When using or otherwise relying on the information in this document, you should evaluate the information in
light of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.
With the exception of products specified by Renesas as suitable for automobile applications, Renesas
products are not designed, manufactured or tested for applications or otherwise in systems the failure or
malfunction of which may cause a direct threat to human life or create a risk of human injury or which require
especially high quality and reliability such as safety systems, or equipment or systems for transportation and
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea communication
transmission. If you are considering the use of our products for such purposes, please contact a Renesas
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth above.
Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

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

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.
You should use the products described herein within the range specified by Renesas, especially with respect
to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or
damages arising out of the use of Renesas products beyond such specified ranges.
Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and
injury or damage caused by fire in the event of the failure of a Renesas product, such as safety design for
hardware and software including but not limited to redundancy, fire control and malfunction prevention,
appropriate treatment for aging degradation or any other applicable measures. Among others, since the
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or
system manufactured by you.
In case Renesas products listed in this document are detached from the products to which the Renesas
products are attached or affixed, the risk of accident such as swallowing by infants and small children is very
high. You should implement safety measures so that Renesas products may not be easily detached from your
products. Renesas shall have no liability for damages arising out of such detachment.
This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.
Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.
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General 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 al 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 is first supplied, the product's state is undefined.

The states of interna circuits are undefined until full power is supplied throughout the
chip and alow level isinput on the reset 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 whileit isin this
undefined state. For those products which have areset function, reset the LS| immediately
after the power supply has been turned on.

4. Prohibition of Accessto Undefined or Reserved Addresses

Note:

Access to 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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Configuration of This Manual

This manual comprises the following items:

General Precautions on Handling of Product
Configuration of This Manual

Preface

Contents

Overview

Description of Functional Modules

e CPU and System-Control Modules

e  On-Chip Peripheral Modules

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

i) Feature

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

v) Usage Note

o 0k wbdPE

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

7. List of Registers

8. Electrical Characteristics

9. Appendix

10. Main Revisions and Additionsin this Edition (only for revised versions)

Thelist of revisionsis a summary of points that have been revised or added to earlier versions.
Thisdoes not include all of the revised contents. For details, see the actual locationsin this
manual.

11. Index
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Preface

The H8/38602R Group consists of single-chip microcomputers made up of the high-speed
H8/300H CPU employing Renesas Technology original architecture as their cores, and the
peripheral functions required to configure a system. The H8/300H CPU has an instruction set that
is compatible with the H8/300 CPU.

Target Users.  This manual was written for users who will be using the H8/38602R Group in the
design of application systems. Target users are expected to understand the
fundamentals of electrical circuits, logical circuits, and microcomputers.

Objective: This manual was written to explain the hardware functions and electrical
characteristics of the H8/38602R Group to the target users.
Refer to the H8/300H Series Software Manual for a detailed description of the
instruction set.

Notes on reading this manual:

In order to understand the overall functions of the chip
Read the manual according to the contents. This manual can be roughly categorized into parts
on the CPU, system control functions, peripheral functions, and electrical characteristics.
In order to understand the details of the CPU's functions
Read the H8/300H Series Software Manual.
In order to understand the details of aregister when its name is known
Read the index that is the final part of the manual to find the page number of the entry on the

register. The addresses, bits, and initial values of the registers are summarized in section 20,
List of Registers.

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

XXX_N (XXX istheregister name and N isthe channel
number)

Bit order: The MSB is on the |eft and the LSB is on the right.
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Notes.

When using an on-chip emulator (E7) for H8/38602R program development and debugging, the
following restrictions must be noted.

The NMI pin is reserved for the E7, and cannot be used.

Area H'4000 to H'4FFF should not be accessed.

Area H'F780 to H'FB7F should not be accessed.

When the E7 is used, NMI is an input/output pin (open-drain in output mode).

When on-board programming/erasing is performed in boot mode, the SCI3 (P3L/RXD3 and
P32/TXD3) is used.

6. When the on-chip emulator is used, even though the on-chip oscillator is selected, connect a
resonator to OSC1 and OSC2 or input an external clock to OSC1.

7. When using the E7, set the FROMCKSTP bit in clock halt register 1 to 1.

a s~ w DR

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

H8/38602R Group manuals:

Document Title Document No.
H8/38602R Group Hardware Manual This manual
H8/300H Series Software Manual REJ09B0213

User's manuals for development tools:

Document Title Document No.

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

Microcomputer Development Environment System H8S, H8/300 Series ADE-702-282
Simulator/Debugger User's Manual
H8S, H8/300 Series High-performance Embedded Workshop 3 Tutorial REJ10B0024

H8S, H8/300 Series High-performance Embedded Workshop 3 User's Manual REJ10B0026
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Application notes:

Document Title Document No.

F-ZTAT Microcomputer On-Board Programming REJ05B0523

All trademarks and registered trademarks are the property of their respective owners.
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Section 1 Overview

Section 1l Overview

1.1 Features

e High-speed H8/300H central processing unit with an internal 16-bit architecture
— Upward-compatible with H8/300 CPU on an abject level

— Sixteen 16-bit general registers
— 62 basic instructions
e Various peripheral functions
— RTC (can be used as a free-running counter)
— Asynchronous event counter (AEC)
— Timer B1
— Timer W
— Watchdog timer

— SCI (asynchronous or clock synchronous serial communication interface)

— SSU (synchronous serial communication unit)*

— I°C bus interface (conforms to the 1°C bus interface format that is advocated by Philips

Electronics)*
— 10-bit A/D converter
— Comparators
Note: * SSU and IIC2 are shared.

e  On-chip memory

Product Classification Model ROM RAM

Flash memory version H8/38602RF HD64F38602R 16 Kbytes 1 Kbyte

(F-ZTAT™ version)

Masked ROM version H8/38602R HD64338602R 16 Kbytes 1 Kbyte
H8/38600R HD64338600R 8 Kbytes 512 bytes

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

e General 1/O ports

— 1/O pins: 13 1/0 pins, including three large current ports (I, = 15 mA, @V, =1.0V)
— Input-only pins: 6 input pins (also used as analog input pins)

e Supports various power-down states
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Section 1 Overview

e Compact package

Package Code Body Size Pin Pitch Remarks
P-VQFN-32 TNP-32 5X 6 mm 0.5 mm
P-LQFP-32 32P6U-A 7 X7 mm 0.8 mm
12 Internal Block Diagram
E7_ 0 =— X1 — <—— Vcc
E7_1 <—> Subclock oscillator H8/300H CPU AVee
E7 2 <— X2 =—
[«—— Vss
0SC1 — ~— RES
System clock oscillator RAM TEST{ ADTRG
0SC2 — <~—— NMI*
ROM Power-on reset circuit
P10/AEVH/FTIOA/TMOW/CLKOUT <—| © |« P82/FTIOB
P11/AEVL/FTCI (/IRQ1) <— g ‘g [<+—> P83/FTIOC
P12/IRQAEC/AECPWM <«—| & o |[+— P84/FTIOD
Watchdog timer Realtime clock
Timer B1 Timer W SCS)
P30/SCK3/VCrer (IRQ0) ~—+| o [ P90/SCS/SCL
P31/RXD/IRXD <—»| & g [ POI/SSCKISDA.
P32/TXD3/IITXD «—»| & ® [~ Po2/sso (iRQo)
10-bit A/D converter Comparators ~— P93/SSI (IRQT)
Asynchronous SSU*2 <—— PBO0/ANO/IRQO
event counter m |+~—— PB1/AN1/RQ1
+ |~— PB2/AN2
" & |+~— PB3/AN3
12C bus <—— PB4/AN4/COMPO
13/IrDA
SCI3/Ir interface 2 *2 —— PB5/AN5/COMP1

Notes: 1. The NMI pin is not available when the E7 or on-chip emulator debugger is used.

2.8SU and lIC2 are shared.

Figurel.1l Internal Block Diagram of H8/38602R Group
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Section 1 Overview

13

Pin Assignment

P30/SCK3/VCref (/IRQ0)
PB5/AN5/COMP1
PB4/AN4/COMPO

PB3/AN3
PB2/AN2
PB1/AN1/IRQT
PBO/ANO/IRQO

EEREREpERERN

Qo ~5
X = <
tiR €53
P =S 9
oo:’oo‘m
X X 0 0 00O
EEL2L2L o~ o
- o AN - O | [
M M OO O OO O N~ N~
o 0o 0 o o Wowow
Ao nnm
N T MO AN ~ O O 0 M~
AN NN N NN -
] 26 16
27 15
] 28 14
TNP-32
2o (Top view) 13
] 30 12
] 31 11
] 32 10
\v—vamcol\com
gubttooat
O - N N 2 < QO
EXXE8§8§F
o) o) o
<
=
(]
[in)
~

NMI

P12/IRQAEC/AECPWM
P11/AEVL/FTCI (/IRQT)
P10/AEVH/FTIOA/TMOW/CLKOUT
P82/FTIOB

P83/FTIOC

P84/FTIOD

Figure 1.2 Pin Assignment of H8/38602R Group (TNP-32)

P31/RXD3/IrRXD
P30/SCK3/VCref (/IRQ0)
PB5/AN5/COMP1
PB4/AN4/COMPO
PB3/AN3

PB2/AN2
PB1/AN1/IRQT
PBO/ANO/IRQO

aononononmn

24 |1 P32/TXD3/IFTXD

25
26
27
28
29
30
31

W
N

23 [ P93/SSI(/IRQT)

22 [7] P92/SSO (IRQ0)
21 [] P91/SSCK/SDA
20 [7] P90/SCS/SCL

19 ] E7.0
18 [ 1 E7_1
17 | ] E7.2

16
15
14
13
12
11
10

32P6U-A
(Top view)

oot

AVce[] ‘IO

X1[] 2
X2[] 3

RES[] 4
osca[] 5
Vss[] 6

osci[] 7
Vee[] 8

NMI

P12/IRQAEC/AECPWM
P11/AEVL/FTCI (IRQT)
P10/AEVH/FTIOA/TMOW/CLKOUT
P82/FTIOB

P83/FTIOC

P84/FTIOD

TEST/ADTRG

Figure 1.3 Pin Assignment of H8/38602R Group (32P6U-A)
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Section 1 Overview

14 Pin Functions

Tablel.1 Pin Functions

Type Symbol Pin No. 110 Functions
Power Vce 8 Input Power supply pin. Connect this pin to the system
supply pins power supply.

Vss 6 Input Ground pin. Connect this pin to the system power
supply (0 V).

AVcc 1 Input Analog power supply pin for the A/D converter.
When the A/D converter is not used, connect this
pin to the system power supply.

Clock pins  OSC1 Input These pins connect with crystal or ceramic

0SC2 5 Output resonator for the system clock, or can be used to
input an external clock.

See section 4, Clock Pulse Generators, for a typical
connection.

X1 Input These pins connect with a 32.768- or 38.4-kHz

X2 Output crystal resonator for the subclock. See section 4,
Clock Pulse Generators, for a typical connection.

CLKOUT 13 Output  Clock output pin.

System RES 4 Input Reset pins. The power-on reset circuit is
control incorporated. When externally driven low, the chip
is reset.

TEST 9 Input Test pins. Also used as the ADTRG pin. When this
pin is not used as the ADTRG pin, users cannot
use this pin. Connect this pin to Vss. When this pin
is used as the ADTRG pin, see section 17.4.2,
External Trigger Input Timing.

Rev. 3.00 May 15, 2007 Page 4 of 516
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Section 1 Overview

Type Symbol Pin No. 110 Functions
Interrupt pins NMI 16 Input NMI interrupt request pin.
Non-maskable interrupt request input pin.
In the F-ZTAT version, the level on this pin
determines whether to enter the user or boot mode
when the reset state is released. To enter the user
mode, pull up this pin to the Vcc level.
IRQO 32 Input External interrupt request input pins.
(22, 26) Can select the rising or falling edge.
IRQ1 31 Input
(14, 23)
IRQAEC 15 Input Interrupt input pin for the asynchronous event
counter.
This pin enables the asynchronous event input.
Timer W FTCI 14 Input External event input pin.
FTIOAto 13to 1/O Output compare output/input capture input/PWM
FTIOD 10 output pins.
Asynchro- AEVL 14 Input Event input pins for input to the asynchronous event
nous event  “Aev 13 Input counter.
counter
(AEC) AECPWM 15 Output  PWM output pin for the AEC.
RTC TMOW 13 Output  Divided clock output pin for the RTC.
Serial SCK3 26 I/0 SCI3 clock 1/O pin.
communi- RXD3/ 25 Input SCI3 data input pins or data input pins for the IrDA
F:atlon IrRXD format.
interface 3
(SCI3) TXD3/ 24 Output  SCI3 data output pins or data output pins for the
IrTXD IrDA format.
Synchro- SCS 20 I/0 SSU chip select I/O pin.
nous serial  "ggeK T oy e SSU clock I/0 pin.
communi-
cation unit  SSI 23 I/O SSU transmit/receive data 1/O pins.
(SSV) SSO 22 /0
I’C bus SDA 21 1’0 IIC data I/0 pin.
interface 2 :
SCL 20 I/0 IIC clock 1/O pin.
(1IC2) cloc pin

Rev. 3.00 May 15, 2007 Page 5 of 516
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Section 1 Overview

Type Symbol Pin No. 110 Functions
A/D ANO to 32to Input Analog data input pins for the A/D converter.
converter AN5 27
ADTRG 9 Input External trigger input pin for the A/D converter.
Comparators COMPO 28 Input Analog data input pins for the comparator.
COMP1 27
VCref 26 Input Reference voltage pin for external input of threshold
voltage of the comparator analog input pins.
I/O ports P10to P12 13to 1/O 3-bit 1/0O pins. Input or output can be designated for
15 each bit by means of the port control register 1
(PCR1).
P30to P32 26to 1/O 3-bit 1/0O pins. Input or output can be designated for
24 each bit by means of the port control register 3
(PCR3).
P82to P84 12to 1/O 3-bit I/0 pins. Input or output can be designated for
10 each bit by means of the port control register 8
(PCRS).
P90to P93 20to  1/O 4-bit I/O pins. Input or output can be designated for
23 each bit by means of the port control register 9

(PCR9).

PBOto PB5 32to  Input 6-bit input-only pins.
27
E7 E7_0 199to0 — E7 emulator interface pins. E7_2 selects whether
E7 1 17 the on-chip oscillator is used. E7_2 is pulled up or
- down by a 100-kQ resistance. For details, see
E7 2 section 4, Clock Pulse Generators.
Rev. 3.00 May 15, 2007 Page 6 of 516
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Section2 CPU

This LS| has an H8/300H CPU with an internal 32-bit architecture that is upward compatible with
the H8/300 CPU, and supports only normal mode, which has a 64-Kbyte address space.

Upward-compatible with H8/300 CPUs

Can execute H8/300 CPUs object programs

Additional eight 16-bit extended registers

32-hit transfer and arithmetic and logic instructions are added
Signed multiply and divide instructions are added.

General-register architecture

Sixteen 16-bit general registers also usable as sixteen 8-bit registers and eight 16-bit registers,
or eight 32-bit registers

Sixty-two basic instructions

8/16/32-hit data transfer and arithmetic and logic instructions
Multiply and divide instructions

Powerful bit-manipulation instructions

Eight addressing modes

Register direct [Rn]

Register indirect [ @ERN]

Register indirect with displacement [ @(d:16,ERN) or @(d:24,ERnN)]
Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERnN]
Absolute address [ @aa:8, @aa: 16, @aa:24]

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

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

Memory indirect [ @@aa:8]

64-Kbyte address space

High-speed operation

All frequently-used instructions execute in one or two states
8/16/32-bit register-register add/subtract: 2 states

8 x 8-hit register-register multiply: 14 states
16 + 8-bit register-register divide: 14 states
16 x 16-bit register-register multiply: 22 states
32 + 16-bit register-register divide: 22 states
CPU30H2C_000120030300 Rev. 3.00 May 15, 2007 Page 7 of 516
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Section2 CPU

¢ Power-down state
Transition to power-down state by SLEEP instruction

21

The address space of this LSl is 64 Kbytes, which includes the program area and the data area.
Figure 2.1 shows the memory map.

Address Space and Memory Map

H'0000
H'0050

H'3FFF

H'F020

H'F100

H'FB80

H'FF80

HFFFF

HD64F38602R

(Flash memory version)

Interrupt vector

On-chip ROM
(16 Kbytes)

Not used

Internal 1/O registers

Not used

On-chip RAM
(1 Kbyte)

Internal 1/O registers

H'0000
H'0050

H'3FFF

H'F020

H'F100

H'FB80

H'FF80

H'FFFF

HD64338602R

(Masked ROM version)

Interrupt vector

On-chip ROM
(16 Kbytes)

Not used

Internal I/O registers

Not used

On-chip RAM
(1 Kbyte)

Internal I/O registers

H'0000
H'0050

H1FFF

H'F020

H'F100

H'FD80

H'FF80

H'FFFF

HD64338600R
(Masked ROM version)

Interrupt vector

On-chip ROM
(8 Kbytes)

Not used

Internal I/O registers

Not used

On-chip RAM
(512 bytes)

Internal I/O registers

Figure2.1 Memory Map
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Section2 CPU

2.2 Register Configuration

The H8/300H CPU has the internal registers shown in figure 2.2. There are two types of registers;
general registers and control registers. The control registers are a 24-bit program counter (PC), and
an 8-bit condition-code register (CCR).

General Registers (ERn)

ERO
ER1
ER2
ER3
ER4
ER5
ER6
ER7

Control Registers (CR)

15 07 07 0
EO ROH ROL
E1 R1H RiL
E2 R2H RoL
E3 R3H R3L
E4 R4H R4L
E5 R5H R5L
E6 R6H R6L
E7 (SP) R7H R7L

23 0

PC | |

[Legend]

SP:
PC:
CCR:
I:

Ul

Stack pointer

Program counter
Condition-code register
Interrupt mask bit

User bit

OsNzcxT

76543210

Half-carry flag

User bit

Negative flag

Zero flag

Overflow flag

Carry flag

cer [1Jur]u[n]z]v]c|

Figure2.2 CPU Registers

RENESAS
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221 General Registers

The H8/300H CPU has eight 32-hit general registers. These general registers are al functionally
identical and can be used as both address registers and data registers. When a general register is
used as a data register, it can be accessed as a 32-bit, 16-bit, or 8-bit register. Figure 2.3 illustrates
the usage of the general registers. When the general registers are used as 32-hit registers or address
registers, they are designated by the letters ER (ERO to ER7).

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

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

The usage of each register can be selected independently.

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

E registers (extended registers)

- (EO to E7)
ER registers RH registers
(ERO to ER7) (ROH to R7H)
R registers

(RO to R7)

RL registers
(ROL to R7L)

Figure2.3 Usage of General Registers
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REJ09B0152-0300 RENESAS



Section2 CPU

General register ER7 has the function of the stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2.4 shows the
relationship between the stack pointer and the stack area.

/_\_/“

Empty area

SP (ER7) —» \

Stack area

/\/

Figure2.4 Relationship between Stack Pointer and Stack Area

222 Program Counter (PC)

This 24-hit counter indicates the address of the next instruction the CPU will execute. The length
of al CPU ingtructionsiis 2 bytes (one word), so the least significant PC bit isignored. (When an
instruction is fetched, the least significant PC bit is regarded as 0). The PC isinitialized when the
start address is |oaded by the vector address generated during reset exception-handling sequence.

223 Condition-Code Register (CCR)

This 8-bit register containsinternal CPU status information, including an interrupt mask bit (1) and
half-carry (H), negative (N), zero (Z), overflow (V), and carry (C) flags. The | bitisinitialized to 1
by reset exception-handling sequence, but other bits are not initialized.

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

For the action of each instruction on the flag bits, see appendix A.1, Instruction List.

Rev. 3.00 May 15, 2007 Page 11 of 516
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Initial
Bit Bit Name Value R/W

Description

7 | 1 R/W

Interrupt Mask Bit

Masks interrupts other than NMI when set to 1. NMI is
accepted regardless of the | bit setting. The | bit is set
to 1 at the start of an exception-handling sequence.

6 ul Undefined R/W

User Bit

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

5 H Undefined R/W

Half-Carry Flag

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

4 U Undefined R/W

User Bit

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

3 N Undefined R/W

Negative Flag

Stores the value of the most significant bit of data as a
sign bit.

2 Z Undefined R/W

Zero Flag

Set to 1 to indicate zero data, and cleared to 0 to
indicate non-zero data.

1 \ Undefined R/W

Overflow Flag

Set to 1 when an arithmetic overflow occurs, and
cleared to 0 at other times.

0 C Undefined R/W

Carry Flag

Set to 1 when a carry occurs, and cleared to 0
otherwise. Used by:

e Add instructions, to indicate a carry
e Subtract instructions, to indicate a borrow
¢ Shift and rotate instructions, to indicate a carry

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

The H8/300H CPU can process 1-hit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit

(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing

bitn(n=0, 1, 2,

..., 7) of byte operand data. The DAA and DAS decimal-adjust instructions treat byte data as two

digits of 4-bit BCD data.

231 General Register Data Formats

Figure 2.5 shows the data formats in general registers.

Data Type General Register Data Format
7 0 .
1-bit data At 76541321 1)0] Dontcare !
___________________ 7 0
rbit data Al | Domtewe  [7jesi4isi2} 10
7 43 o i
4-bit BCD data RnH | Upper | Lower | Don't care !
___________________ 7 4 3 0
4-bit BCD data RnL E Don't care | Upper | Lower |
7 0
Byte data RnH [T R R | Don't care
MSB s
___________________ 7 0
Byte data RnL : Don't care | [ R T R R
"""""""""" MSB LSB

Figure2.5 General Register Data Formats (1)
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Data Type General
Register

Word data Rn

Word data En

Longword ERn
data

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

Data Format

|15...............0
MISBIIIIIIIIIIIIILISB
15...............0
BIREERRRRRRREEEE
MSB LSB
31 16 15 0
[Cr b
MSB LSB

Figure2.5 General Register Data Formats (2)
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232 Memory Data Formats

Figure 2.6 shows the data formats in memory. The H8/300H CPU can access word data and
longword datain memory, however word or longword data must begin at an even address. If an
attempt is made to access word or longword data at an odd address, an address error does not
occur, however the least significant bit of the addressis regarded as 0, so access begins the
preceding address. This also appliesto instruction fetches.

When ER7 (SP) is used as an address register to access the stack area, the operand size should be

word or longword.

Data Type

1-bit data

Byte data

Word data

Longword data

Address

Address L

Address L

Address 2M
Address 2M+1

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

Address 2N+3

7

Data Format

/\/

0

706 |5]4]3]2]1]0

MSBE

LSB

ELSB

\LSB]

Figure2.6 Memory Data Formats
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24 Instruction Set

24.1 Tableof Ingtructions Classified by Function

The H8/300H CPU has 62 instructions. Tables 2.2 to 2.9 summarize the instructions in each
functional category. The notation used in tables 2.2 to 2.9 is defined below.

Table2.1 Operation Notation

Symbol Description

Rd General register (destination)*
Rs General register (source)*
Rn General register*

ERn General register (32-bit register or address register)
(EAd) Destination operand
(EAS) Source operand

CCR Condition-code register

N N (negative) flag in CCR
Zz Z (zero) flag in CCR

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

PC Program counter

SP Stack pointer

#MM Immediate data

disp Displacement

+ Addition

- Subtraction

x Multiplication

= Division

A Logical AND

v Logical OR

@ Logical XOR

- Move

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

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO
to R7, EO to E7), and 32-bit registers/address register (ERO to ER7).
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Table2.2 DataTransfer Instructions

Instruction Size*

Function

MOV B/W/L  (EAs) > Rd, Rs— (EAd)
Moves data between two general registers or between a general register
and memory, or moves immediate data to a general register.
MOVFPE B (EAs) > Rd
Cannot be used in this LSI.
MOVTPE B Rs — (EAs)
Cannot be used in this LSI.
POP W/L @SP+ — Rn
Pops a general register from the stack. POP.W Rn is identical to
MOV.W @SP+, Rn. POP.L ERn is identical to MOV.L @SP+, ERn.
PUSH Wi/L Rn —» @-SP

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

Note: * Refers to the operand size.

B: Byte
W: Word
L: Longword

Rev. 3.00 May 15, 2007 Page 17 of 516
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Table2.3 Arithmetic Operations Instructions (1)

Instruction Size*

Function

ADD B/W/L Rd+Rs—> Rd, Rdz#MM-— Rd

SUB Performs addition or subtraction on data in two general registers, or on
immediate data and data in a general register (immediate byte data
cannot be subtracted from byte data in a general register. Use the
SUBX or ADD instruction.)

ADDX B Rd+Rs +C —» Rd, Rd =+ #IMM +C — Rd

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

INC B/W/L Rdx1—->Rd, Rd+2—- Rd

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

ADDS L Rd+1—>Rd, Rd+2 —>Rd, Rd+4 — Rd

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

DAA B Rd (decimal adjust) - Rd

DAS Decimal-adjusts an addition or subtraction result in a general register by
referring to the CCR to produce 4-bit BCD data.

MULXU B/W Rd x Rs — Rd
Performs unsigned multiplication on data in two general registers: either
8 bits x 8 bits — 16 bits or 16 bits x 16 bits — 32 bits.

MULXS B/W Rd x Rs — Rd
Performs signed multiplication on data in two general registers: either 8
bits x 8 bits — 16 bits or 16 bits x 16 bits — 32 bits.

DIVXU B/W Rd + Rs —» Rd
Performs unsigned division on data in two general registers: either 16
bits + 8 bits — 8-bit quotient and 8-bit remainder or 32 bits + 16 bits —
16-bit quotient and 16-bit remainder.

Note: * Refers to the operand size.

B: Byte
W: Word
L: Longword
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Table2.3 Arithmetic Operations Instructions (2)

Instruction Size* Function

DIVXS B/W Rd + Rs » Rd
Performs signed division on data in two general registers: either 16 bits
+ 8 bits — 8-bit quotient and 8-bit remainder or 32 bits + 16 bits — 16-bit
quotient and 16-bit remainder.

CMP B/W/L Rd-Rs, Rd-#IMM
Compares data in a general register with data in another general
register or with immediate data, and sets CCR bits according to the
result.

NEG B/W/L 0-Rd— Rd
Takes the two's complement (arithmetic complement) of data in a
general register.

EXTU Wi/L Rd (zero extension) — Rd
Extends the lower 8 bits of a 16-bit register to word size, or the lower 16
bits of a 32-bit register to longword size, by padding with zeros on the
left.

EXTS Wi/L Rd (sign extension) — Rd

Extends the lower 8 bits of a 16-bit register to word size, or the lower 16
bits of a 32-bit register to longword size, by extending the sign bit.

Note: * Refers to the operand size.

B: Byte

W: Word
L: Longword
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Table2.4

Logic Operations I nstructions

Instruction Size*

Function

AND B/W/L RdARs— Rd, Rda#IMM — Rd
Performs a logical AND operation on a general register and another
general register or immediate data.
OR B/W/L RdvRs—Rd, Rdv#MM— Rd
Performs a logical OR operation on a general register and another
general register or immediate data.
XOR B/W/L Rd®Rs — Rd, Rd® #IMM — Rd
Performs a logical exclusive OR operation on a general register and
another general register or immediate data.
NOT B/W/L - (Rd)— (Rd)
Takes the one's complement (logical complement) of general register
contents.
Note: * Refers to the operand size.
B: Byte
W: Word
L: Longword
Table25 Shift Instructions

Instruction Size*

Function

SHAL B/W/L  Rd (shift) > Rd
SHAR Performs an arithmetic shift on general register contents.
SHLL B/W/L  Rd (shift) > Rd
SHLR Performs a logical shift on general register contents.
ROTL B/W/L  Rd (rotate) -» Rd
ROTR Rotates general register contents.
ROTXL B/W/L  Rd (rotate) - Rd
ROTXR Rotates general register contents through the carry flag.
Note: * Refers to the operand size.

B: Byte

W: Word

L: Longword

Rev. 3.00 May 15, 2007 Page 20 of 516
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Table2.6 Bit Manipulation Instructions (1)

Instruction Size* Function

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

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

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

BTST B - (<bit-No.> of <EAd>) —» Z
Tests a specified bit in a general register or memory operand and sets
or clears the Z flag accordingly. The bit number is specified by 3-bit
immediate data or the lower three bits of a general register.

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

BIAND B C A = (<bit-No.> of <EAd>) - C
ANDs the carry flag with the inverse of a specified bit in a general
register or memory operand and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.

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

BIOR B C v - (<bit-No.> of <EAd>) - C

ORs the carry flag with the inverse of a specified bit in a general register
or memory operand and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.

Note: * Refers to the operand size.
B: Byte
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Table2.6 Bit Manipulation Instructions (2)

Instruction Size*

Function

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

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

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

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

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

BIST B = C — (<bit-No.> of <EAd>)

Transfers the inverse of the carry flag value to a specified bit in a
general register or memory operand.
The bit number is specified by 3-bit immediate data.

Note: * Refers to the operand size.

B: Byte
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Table2.7

Instruction Size

Branch Instructions

Function

Bcce* — Branches to a specified address if a specified condition is true. The
branching conditions are listed below.
Mnemonic Description Condition
BRA(BT) Always (true) Always
BRN(BF) Never (false) Never
BHI High CvZ=0
BLS Low or same Cvz=1
BCC(BHS) Carry clear C=0
(high or same)
BCS(BLO) Carry set (low) C=1
BNE Not equal Z=0
BEQ Equal Z=1
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NeV=0
BLT Less than NeV=1
BGT Greater than ZvN® V) =0
BLE Less or equal ZvIN® V) =1
JMP — Branches unconditionally to a specified address.
BSR — Branches to a subroutine at a specified address.
JSR — Branches to a subroutine at a specified address.
RTS — Returns from a subroutine
Note: * Bcc is the general name for conditional branch instructions.

RENESAS
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Table2.8 System Control Instructions

Instruction Size*

Function

TRAPA — Starts trap-instruction exception handling

RTE — Returns from an exception-handling routine.

SLEEP — Causes a transition to a power-down state.

LDC B/W (EAs) -» CCR
Moves the source operand contents to the CCR. The CCR size is one
byte, but in transfer from memory, data is read by word access.

STC B/W CCR — (EAd)
Transfers the CCR contents to a destination location. The condition
code register size is one byte, but in transfer to memory, data is written
by word access.

ANDC B CCR A #IMM —» CCR
Logically ANDs the CCR with immediate data.

ORC B CCR v #IMM — CCR
Logically ORs the CCR with immediate data.

XORC B CCR @ #IMM — CCR
Logically XORs the CCR with immediate data.

NOP — PC+2 > PC

Only increments the program counter.

Note: * Refers to the operand size.

B: Byte
W: Word
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Table2.9 Block Data Transfer Instructions

Instruction Size Function

EEPMOV.B — if R4L = 0 then
Repeat @ER5+ —» @ERG6+,
R4L-1 —» R4L
UntiiR4L =0
else next;

EEPMOV.W — if R4 = 0 then
Repeat @ ER5+ —» @ERG+,
R4-1 > R4
UntiiR4 =0
else next;

Transfers a data block. Starting from the address set in ERS5, transfers
data for the number of bytes set in R4L or R4 to the address location set
in ERG.

Execution of the next instruction begins as soon as the transfer is
completed.
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2.4.2 Basic Instruction Formats

H8/300H CPU instructions consist of 2-byte (1-word) units. An instruction consists of an
operation field (op), aregister field (r), an effective address extension (EA), and a condition field
(co).

Figure 2.7 shows examples of instruction formats.

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

o Register Field
Specifies ageneral register. Address registers are specified by 3 bits, and dataregistersby 3
bits or 4 bits. Some instructions have two register fields. Some have no register field.

o Effective Address Extension

8, 16, or 32 hits specifying immediate data, an absolute address, or a displacement. A24-bit
address or displacement istreated as a 32-bit data in which the first 8 bits are 0 (H'00).

e Condition Field
Specifies the branching condition of Bcc instructions.

(1) Operation field only

op NOP, RTS, etc.

(2) Operation field and register fields

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

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

op rn rm

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

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

op cc EA(disp) BRA d:8

Figure2.7 Instruction Formats
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2.5 Addressing M odes and Effective Address Calculation

The following describes the H8/300H CPU. In this LSI, the upper eight bits are ignored in the
generated 24-bit address, so the effective addressis 16 hits.

251 Addressing Modes

The H8/300H CPU supports the eight addressing modes listed in table 2.10. Each instruction uses
a subset of these addressing modes. Addressing modes that can be used differ depending on the
instruction. For details, refer to appendix A.4, Combinations of Instructions and Addressing
Modes.

Arithmetic and logic instructions can use the register direct and immediate modes. Data transfer
instructions can use all addressing modes except program-counter relative and memory indirect.
Bit-manipulation instructions use register direct, register indirect, or the absolute addressing mode
(@aa:8) to specify an operand, and register direct (BSET, BCLR, BNOT, and BTST instructions)
or immediate (3-bit) addressing mode to specify a bit number in the operand.

Table2.10 Addressing Modes

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

Theregister field of the instruction specifies an 8-, 16-, or 32-bit general register containing the
operand. ROH to R7H and ROL to R7L can be specified as 8-hit registers. RO to R7 and EO to E7
can be specified as 16-hit registers. ERO to ER7 can be specified as 32-hit registers.

Register Indirect—@ERnN

The register field of the instruction code specifies an address register (ERn), the lower 24 bits of
which contain the address of the operand on memory.

Register Indirect with Displacement—@(d: 16, ERn) or @(d:24, ERn)

A 16-bit or 24-bit displacement contained in the instruction is added to an address register (ERn)
specified by the register field of the instruction, and the lower 24 bits of the sum the address of a
memory operand. A 16-bit displacement is sign-extended when added.

Register Indirect with Post-l1ncrement or Pre-Decrement—@ERN+ or @-ERnN

o Register indirect with post-increment—@ERN+
Theregister field of the instruction code specifies an address register (ERn) the lower 24 bits
of which contains the address of a memory operand. After the operand is accessed, 1, 2, or 4 is
added to the address register contents (32 bits) and the sum is stored in the address register.
The value added is 1 for byte access, 2 for word access, or 4 for longword access. For the word
or longword access, the register value should be even.

o Register indirect with pre-decrement—@-ERn
Thevaluel, 2, or 4 is subtracted from an address register (ERn) specified by the register field
in the instruction code, and the lower 24 bits of the result is the address of a memory operand.
Theresult is also stored in the address register. The value subtracted is 1 for byte access, 2 for
word access, or 4 for longword access. For the word or longword access, the register value
should be even.

Absolute Addr ess—@aa: 8, @aa: 16, @aa: 24

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

For an 8-bit absolute address, the upper 16 bits are all assumed to be 1 (H'FFFF). For a 16-hit
absolute address the upper 8 bits are asign extension. A 24-bit absolute address can access the
entire address space.
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The access ranges of absolute addresses for this LS| are those shown in table 2.11, because the
upper 8 bits are ignored.

Table2.11 Absolute Address Access Ranges

Absolute Address Access Range

8 bits (@aa:8) H'FF00 to H'FFFF
16 bits (@aa:16) H'0000 to H'FFFF
24 bits (@aa:24) H'0000 to H'FFFF

I mmediate—#xx: 8, #xx:16, or #xx:32

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

The ADDS, SUBS, INC, and DEC instructions contain immediate data implicitly. Some it

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

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

Thismodeis used in the BSR instruction. An 8-bit or 16-bit displacement contained in the
instruction is sign-extended and added to the 24-bit PC contents to generate a branch address. The
PC value to which the displacement is added is the address of thefirst byte of the next instruction,
so the possible branching range is—126 to +128 bytes (—63 to +64 words) or —32766 to +32768
bytes (—16383 to +16384 words) from the branch instruction. The resulting value should be an
even number.

Memory Indirect—@@aa: 8

This mode can be used by the IMP and JSR instructions. The instruction code contains an 8-bit
absolute address specifying a memory operand. This memory operand contains a branch address.
The memory operand is accessed by longword access. The first byte of the memory operand is
ignored, generating a 24-bit branch address. Figure 2.8 shows how to specify branch address for in
memory indirect mode. The upper bits of the absolute address are al assumed to be 0, so the
address range is 0 to 255 (H'0000 to H'00FF).

Note that the first part of the address range is also the exception vector area.
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Specified —
by @aa:8

\_/—\

Dummy

Branch address

252

Table 2.12 indicates how effective addresses are calculated in each addressing mode. In thisLSI
the upper 8 bits of the effective address are ignored in order to generate a 16-bit effective address.

Figure2.8 Branch Address Specification in Memory Indirect Mode

Effective Address Calculation

Table2.12 Effective Address Calculation (1)

No

Addressing Mode and Instruction Format

Effective Address Calculation

Effective Address (EA)

Register direct(Rn)

[ [n[n]

Operand is general register contents.

Register indirect(@ERn)

31 0

[ oo [ ] |

|_

| General register contents

]

23

Register indirect with displacement
@(d:16,ERn) or @(d:24,ERN)

I A

I General register contents

31 0
| Sign extension | disp

23

Register indirect with post-increment or
pre-decrement
*Register indirect with post-increment @ ERn+

31

*Register indirect with pre-decrement @-ERn

[ oo [ ] |

The value to be added or subtracted is 1 when the
operand is byte size, 2 for word size, and 4 for
longword size.
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Table2.12 Effective Address Calculation (2)

No Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)
5 Absolute address
@aa:8 23 87 0
[weree [ ]
@aa:16 23 16 15 0
| op | abs | | Sign extensionl |
@aa:24
op 23 0
abs | |
6 Immediate
HOCBHXX16/#xx:32 Operand is immediate data.
op IMM
7 Program-counter relative 23 0
@(d:8,PC) @(d:16,PC) | PC contents h
op disp
23 0
8 Memory indirect @ @aa:8
‘ B !
(& [ ] oo ]
23 16 15 0
——{ |
[Legend]
r,rm,rn : Register field
op: Operation field
disp : Displacement
IMM : Immediate data
abs : Absolute address
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2.6 Basic Bus Cycle

CPU operation is synchronized by a system clock (¢) or asubclock (¢.,,). The period from arising
edge of ¢ or ¢, to the next rising edge is called one state. A bus cycle consists of two states.

26.1  Accessto On-Chip Memory (RAM, ROM)

Access to on-chip memory takes place in two states. The data bus width is 16 bits, allowing access
in byte or word size. Figure 2.9 shows the on-chip memory access cycle.

L Bus cycle

~— Tystate —»-e— T,state —»=

¢ ordsus

S

Internal address bus X Address

Internal read signal

Internal data bus :)_( Read data
(read access) J

A
—
)_

Internal write signal

Write data )—

Internal data bus
(write access)

Figure2.9 On-Chip Memory Access Cycle
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2.6.2 On-Chip Peripheral Modules

On-chip peripheral modules are accessed in two states or three states. The data bus width is 8 bits
or 16 bits depending on the register. For description on the data bus width and number of
accessing states of each register, refer to section 20.1, Register Addresses (Address Orde).
Registers with 16-bit data bus width can be accessed by word size only. Registers with 8-bit data
bus width can be accessed by byte or word size. When aregister with 8-bit data bus width is
accessed by word size, abus cycle occurs twice. In two-state access, the operation timing is the
same as that for on-chip memory.

Figure 2.10 shows the operation timing in the case of three-state access to an on-chip peripheral
module.

Bus cycle

:<— T, state - T, state - Ty state ——

¢ ordsus

Internal

address bus Address X

V ’ B
Read data )—

T
Write data )_

Internal
read signal

Internal
data bus
(read access)

Internal
write signal

Internal
data bus
(write access)

L

Figure2.10 On-Chip Peripheral Module Access Cycle (3-State Access)
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2.7 CPU States

There are four CPU states: the reset state, program execution state, program halt state, and
exception-handling state. The program execution state includes active (high-speed or medium-
speed) mode and subactive mode. For the program halt state, there are sleep (high-speed or
medium-speed) mode, standby mode, watch mode, and subsleep mode. These states are shown in
figure 2.11. Figure 2.12 shows the state transitions. For details on program execution state and
program halt state, refer to section 5, Power-Down Modes. For details on exception handling, refer
to section 3, Exception Handling.

CPU state |——| Reset state |

The CPU is initialized

—l Program execution state I——l Active (high-speed) mode

The CPU executes successive program
instructions at high speed,
synchronized by the system clock

—| Active (medium-speed) mode |-~~~

The CPU executes successive '
program instructions at :
reduced speed, synchronized i
by the system clock E

—l Subactive mode |-

The CPU executes successive
program instructions at reduced
speed, synchronized by the subclock

_l Program halt state I——l Sleep (high-speed) mode | -----

A state in which the CPU . E
operation is stopped to —| Sleep (medium-speed) mode |— ---

reduce power consumption
—l Standby mode | -----

—| Watch mode |—-- -E

Subsleep mode |- ---

Power-down modes

—| Exception-handling state |

A transient state in which the CPU changes
the processing flow due to a reset or an interrupt

Figure2.11 CPU Operating States
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Reset state

Reset cleared
———————— . .
. Exception-handling state
Reset occurs
—

Interrupt
source

Reset

occurs Interrupt Exception-

source handling
complete

Reset
occurs

/

Program halt state Program execution state

SLEEP instruction executed

Figure2.12 State Transitions
2.8 Usage Notes

2.8.1 Noteson Data Accessto Empty Areas

The address space of this LS| includes empty areas in addition to the ROM, RAM, and on-chip
I/O registers areas available to the user. When datais transferred from CPU to empty areas, the
transferred datawill be lost. This action may also cause the CPU to malfunction. When dataiis

transferred from an empty areato CPU, the contents of the data cannot be guaranteed.

282 EEPMOV Instruction

EEPMOV isablock-transfer instruction and transfers the byte size of dataindicated by R4 or
RA4L, which starts from the address indicated by R5, to the address indicated by R6. Set R4, R4L,
and R6 so that the end address of the destination address (value of R6 + R4L or R6 + R4) does not
exceed H'FFFF (the value of R6 must not change from H'FFFF to H'0000 during execution).
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2.8.3  Bit-Manipulation Instruction

The BSET, BCLR, BNOT, BST, and BIST instructions read data from the specified address in
byte units, manipulate the data of the target bit, and write data to the same address again in byte
units. Special careisreguired when using these instructions in cases where two registers are
assigned to the same address, or when a bit is directly manipulated for aport or aregister
containing awrite-only bit, because this may rewrite data of a bit other than the bit to be

mani pul ated.

Bit manipulation for two registersassigned to the same address
Example 1: Bit manipulation for the timer load register and timer counter

Figure 2.13 shows an example of atimer in which two timer registers are assigned to the same
address. When a bit-manipul ation instruction accesses the timer load register and timer counter of
areloadable timer, since these two registers share the same address, the following operations takes
place.

1. Dataisread in byte units.
2. The CPU sets or resets the bit to be manipulated with the bit-manipulation instruction.
3. Thewritten datais written again in byte units to the timer load register.

Thetimer is counting, so the value read is not necessarily the same as the value in the timer load
register. As aresult, bits other than the intended bit in the timer counter may be modified and the
modified value may be written to the timer load register.

Read
Count clock — Timer counter
Reload
Write
Timer load register

Internal data bus

Figure2.13 Exampleof Timer Configuration
with Two Registers Allocated to Same Address
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Example 2: When the BSET instruction is executed for port 5

P57 and P56 are input pins, with alow-level signal input at P57 and a high-level signal input at
P56. P55 to P50 are output pins and output low-level signals. An example to output a high-level

signal at P50 with aBSET instruction is shown below.

e Prior to executing BSET instruction

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output  Output Output Output  Output
Pin state Low High Low Low Low Low Low Low
level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 1 0 0 0 0 0 0 0
e BSET instruction executed instruction
BSET #0, @PDR5 The BSET instruction is executed for port 5.
e After executing BSET instruction
P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output Output Output Output Output
Pin state Low High Low Low Low Low Low High
level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 0 1 0 0 0 0 0 1

e Description on operation
1. When the BSET instruction is executed, first the CPU reads port 5.

Since P57 and P56 are input pins, the CPU reads the pin states (low-level and high-level

input).

P55 to P50 are output pins, so the CPU reads the value in PDRS. In this example PDR5 has a

value of H'80, but the value read by the CPU is H'40.

2. Next, the CPU sets hit 0 of the read datato 1, changing the PDR5 data to H'41.

3. Finally, the CPU writes H'41 to PDR5, completing execution of BSET instruction.
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Asaresult of the BSET instruction, bit 0 in PDR5 becomes 1, and P50 outputs a high-level
signal. However, bits 7 and 6 of PDR5 end up with different values. To prevent this problem,
store a copy of the PDR5 datain awork areain memory. Perform the bit manipulation on the
datain the work area, then write this datato PDR5.

Prior to executing BSET instruction

MOV.B  #H'80, ROL The PDR5 vaue (H'80) is written to awork areain
MOV.B  ROL,  @RAMO memory (RAMO) aswell asto PDRS5.
MOV.B ROL, @PDR5
P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output Output Output Output Output
Pin state Low High Low Low Low Low Low Low
level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 1 0 0 0 0 0 0 0
RAMO 1 0 0 0 0 0 0 0

e BSET instruction executed

BSET #0, @RAMO The BSET instruction is executed designating the PDR5
work area (RAMO).

e After executing BSET instruction

MOV.B  @RAMO, ROL The work area (RAMO) value is written to PDR5.
MOV.B  ROL, @PDR5

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output  Output Output Output  Output
Pin state Low High Low Low Low Low Low High

level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 1 0 0 0 0 0 0 1
RAMO 1 0 0 0 0 0 0 1
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Bit Manipulation in a Register Containing a Write-Only Bit
Example 3: BCLR instruction executed designating port 5 control register PCR5

P57 and P56 are input pins, with alow-level signal input at P57 and a high-level signal input at
P56. P55 to P50 are output pins that output low-level signals. An example of setting the P50 pin as
an input pin by the BCLR instruction is shown below. It is assumed that a high-level signal will be
input to thisinput pin.

e Prior to executing BCLR instruction

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output  Output Output Output  Output
Pin state Low High Low Low Low Low Low Low

level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 1 0 0 0 0 0 0 0

e BCLR instruction executed
BCLR #0, @PCR5 The BCLR instruction is executed for PCR5.

o After executing BCLR instruction

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Output  Output  Output Output Output Output Output Input
Pin state Low High Low Low Low Low Low High

level level level level level level level level
PCR5 1 1 1 1 1 1 1 0
PDR5 1 0 0 0 0 0 0 0

e Description on operation

1. When the BCLR instruction is executed, first the CPU reads PCR5. Since PCR5 is awrite-only
register, the CPU reads a value of H'FF, even though the PCR5 value is actually H'3F.

2. Next, the CPU clears hit 0 in the read datato 0, changing the datato H'FE.

3. Finally, H'FE iswritten to PCR5 and BCLR instruction execution ends.
Asaresult of this operation, bit 0 in PCR5 becomes 0, making P50 an input port. However,
bits 7 and 6 in PCR5 change to 1, so that P57 and P56 change from input pins to output pins.
To prevent this problem, store a copy of the PDR5 datain awork areain memory and
manipulate data of the bit in the work area, then write this datato PDR5.
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e Prior to executing BCLR instruction

MOV.B  #H'3F, ROL The PCR5 value (H'3F) is written to awork areain
MOV.B  ROL,  @RAMO memory (RAMO) aswell asto PCR.
MOV.B ROL, @PCR5
P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output  Output Output Output  Output
Pin state Low High Low Low Low Low Low Low
level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 1 0 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1 1

e BCLR instruction executed
BCLR #0, @RAMO The BCLR instructions executed for the PCR5 work area
(RAMO).

o After executing BCLR instruction

MOV.B  @RAMO, ROL The work area (RAMO) value iswritten to PCR5.
MOV.B  ROL, @PCR5

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output  Output Output Output  Output
Pin state Low High Low Low Low Low Low High

level level level level level level level level
PCR5 0 0 1 1 1 1 1 0
PDR5 1 0 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1 0
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Section 3 Exception Handling

Exception handling is caused by areset, atrap instruction (TRAPA), or interrupts.

Reset

A reset has the highest exception priority. Exception handling starts after the reset state is
cleared by anegation of the RES signal. Exception handling is also started when the watchdog
timer overflows. The exception handling executed at thistime is the same as that for areset by
the RES pin.

Trap Instruction

Exception handling starts when atrap instruction (TRAPA) is executed. A vector address
corresponding to avector number from O to 3 which are specified in the instruction code is
generated. Exception handling can be executed at all timesin the program execution state,
regardless of the setting of the | bit in CCR.

Interrupts

External interrupts other than the NMI and internal interrupts are masked by the | bit in CCR,
and kept pending whilethe | bit is set to 1. Exception handling starts when the current
instruction or exception handling ends, if an interrupt is requested.
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31

Exception Sources and Vector Address

Table 3.1 shows the vector addresses and priority of each exception handling. When more than
one interrupt is requested, handling is performed from the interrupt with the highest priority.

Table3.1 Exception Sourcesand Vector Address
Vector

Source Origin Exception Sources Number Vector Address  Priority

Reset pin/ Reset 0 H'0000 to H'0001  High

watchdog timer A

— Reserved for system use 1to6 H'0002 to H'000D

External interrupt NMI 7 H'000E to H'000F

Trap instruction Trap instruction #0 8 H'0010 to H'0011

TRAPA #0

Trap instruction Trap instruction #1 9 H'0012 to H'0013

TRAPA #1

Trap instruction Trap instruction #2 10 H'0014 to H'0015

TRAPA #2

Trap instruction Trap instruction #3 11 H'0016 to H'0017

TRAPA #3

— Reserved for system use 12 H'0018 to H'0019

CPU Direct transition by executing the 13 H'001A to H'001B
SLEEP instruction

— Reserved for system use 14, 15 H'001C to H'0O01F

External interrupts  IRQO 16 H'0020 to H'0021
IRQ1 17 H'0022 to H'0023
IRQAEC 18 H'0024 to H'0025

— Reserved for system use 19, 20 H'0026 to H'0029

Comparators COMPO 21 H'002A to H'002B
COMP1 22 H'002C to H'002D

RTC 0.25-second overflow 23 H'002E to H'002F
0.5-second overflow 24 H'0030 to H'0031
Second periodic overflow 25 H'0032 to H'0033
Minute periodic overflow 26 H'0034 to H'0035
Hour periodic overflow 27 H'0036 to H'0037
Day-of-week periodic overflow 28 H'0038 to H'0039
Week periodic overflow 29 H'003A to H'003B y
Free-running overflow 30 H'003C to H'003D Low
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Source Origin

Exception Sources

Vector
Number

Vector Address  Priority

WDT

WDT overflow (interval timer)

31

H'003E to H'003F High

Asynchronous
event counter

Asynchronous event counter
overflow

32

H'0040 to H'0041 ﬂ\

Timer B1

Overflow

33

H'0042 to H'0043

Synchronous serial
communication unit
(SSuy/

lca*

Overrun error (SSU)
Transmit data empty (SSU)
Transmit end (SSU)
Receive data full (SSU)
Conflict error (SSU)/

Transmit data empty (11C2)
Transmit end (1IC2)
Receive data full (IIC2)
NACK detection (1IC2)
Arbitration (11C2)

Overrun error (11IC2)

34

H'0044 to H'0045

Timer W

Input capture A/compare match A
Input capture B/compare match B
Input capture C/compare match C
Input capture D/compare match D

Overflow

35

H'0046 to H'0047

Reserved for system use

36

H'0048 to H'0049

SCI3

Transmit end
Transmit data empty
Receive data full
Overrun error
Framing error

Parity error

37

H'004A to H'004B

A/D converter

A/D conversion end

38

H'004C to H'004D V}

Reserved for system use

39

H'004E to H'004F Low

Note: *

standby mode using CKSTPR2.

The SSU and IIC share the same vector address. When using the IIC, shift the SSU to

RENESAS
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3.2 Reset
A reset has the highest exception priority.
There are three sources to generate areset. Table 3.2 lists the reset sources.

Table3.2 Reset Sources

Reset Source Description
RES pin Low level input
Power-on reset circuit When the power supply voltage (Vcc) rises
For details, see section 19, Power-On Reset Circuit.
Watchdog timer When the counter overflows

For details, see section 12, Watchdog Timer.

321 Reset Exception Handling

When areset source is generated, all the processing in execution is terminated and thisL S| enters
the reset state. The internal state of the CPU and the registers of the on-chip peripheral modules
areinitialized by areset.

To ensure that this LSI is reset, handle the RES pin as shown below.

¢ When power is supplied, or the system clock oscillator is stopped
Hold the RES pin low until oscillation of the system clock oscillator has stabilized.
e When the system clock oscillator is operating
Hold the RES pin low for thet,, state, which is specified as the electrical characteristics.

After areset sourceis generated, this LSI starts reset exception handling as follows.

1. Theinterna state of the CPU and the registers of the on-chip peripheral modules are
initialized, and the | bitin CCRisset to 1.

2. Thereset exception handling vector address (H'0000 and H'0001) is read and transferred to the
PC, and then program execution starts from the address indicated by the PC.

The reset exception handling sequence by the RES pin is shown in figure 3.1.
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—— Reset cleared

. Initial program

E Vector fetch Internal ~ instruction prefetch
! | <——»| Processing je——»|

RES I

0 JERERERE RN SRR RN ERE R
Internal I

address bus - ) X @ X

Internal read " \_/—\_/_\_
signal i

Internal write ;

signal !

Internal data :
bus (16 bits) i @) ©)

(1) Reset exception handling vector address (H'0000)
(2) Program start address
(3) Initial program instruction

Figure3.1 Reset Exception Handling Sequence

322 Interrupt Immediately after Reset

Immediately after areset, if an interrupt is accepted before the stack pointer (SP) isinitialized, PC
and CCR will not be pushed onto the stack correctly, resulting in program runaway. To prevent
this, immediately after reset exception handling all interrupts are masked. For this reason, the
initial program instruction is always executed immediately after areset. This instruction should
initialize the stack pointer (e.g. MOV.L #xx: 32, SP).
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3.3 I nput/Output Pins
Table 3.3 shows the pin configuration of the interrupt controller.

Table3.3 Pin Configuration

Name I/0 Function
NMI Input Nonmaskable external interrupt pin

Rising or falling edge can be selected
IRQAEC Input Maskable external interrupt pin

Rising, falling, or both edges can be selected
IRQ1 Input Maskable external interrupt pins
RQ0 Input Rising or falling edge can be selected

34 Register Descriptions
Theinterrupt controller has the following registers.

e Interrupt edge select register (IEGR)
e Interrupt enableregister 1 (IENR1)
e Interrupt enable register 2 (IENR2)
o Interrupt flag register 1 (IRR1)

o Interrupt flag register 2 (IRR2)
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34.1 Interrupt Edge Select Register (IEGR)

|EGR selects whether interrupt requests of the NMI, ADTRG, IRQ1, and IRQO pins are generated

at the rising edge or falling edge.

Initial
Bit Bit Name Value R/W Descriptions
7 NMIEG 0 R/W NMI Edge Select
0: Detects a falling edge of the NMI pin input
1: Detects a rising edge of the NMI pin input
6 — 0 — Reserved
This bit is always read as 0.
5 ADTRGNEG 0 R/W ADTRG Edge Select
0: Detects a falling edge of the ADTRG pin input
1: Detects a rising edge of the ADTRG pin input
4t02 — AllO — Reserved
The write value should always be 0.
1 IEG1 0 R/W IRQ1 Edge Select
0: Detects a falling edge of the IRQ1 pin input
1: Detects a rising edge of the IRQ1 pin input
0 IEGO 0 R/W IRQO Edge Select

0: Detects a falling edge of the IRQO pin input
1: Detects a rising edge of the IRQO pin input
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34.2 Interrupt Enable Register 1 (IENR1)

IENR1 enables the RTC, IRQAEC, IRQ1, and IRQO interrupts.

Initial
Bit Bit Name Value R/W Description
7 IENRTC O R/W RTC Interrupt Request Enable
The RTC interrupt request is enabled when this bit is set
to 1.
6to3 — All O — Reserved
The write value should always be 0.
2 IENEC2 0 R/W IRQAEC Interrupt Request Enable
The IRQAEC interrupt request is enabled when this bit is
setto 1.
1 IENA1 0 R/W IRQ1 Interrupt Request Enable
The IRQ1 interrupt request is enabled when this bit is set
to 1.
0 IENO 0 R/W IRQO Interrupt Request Enable

The IRQO interrupt request is enabled when this bit is set
to 1.
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34.3 Interrupt Enable Register 2 (IENR2)

IENR2 enables the A/D converter, timer B1, and asynchronous event counter interrupts.

Initial
Bit Bit Name Value R/W Description
7 — 0 — Reserved
The write value should always be 0.
6 IENAD 0 R/W A/D Converter Interrupt Request Enable
The A/D converter interrupt request is enabled when this
bit is setto 1.
5t03 — AllO — Reserved
The write value should always be 0.
2 IENTB1 0 R/W Timer B1 Interrupt Request Enable
The timer B1 interrupt request is enabled when this bit is
setto 1.
1 — 0 — Reserved
The write value should always be 0.
0 IENEC 0 R/W Asynchronous Event Counter Interrupt Request Enable

The asynchronous event counter interrupt request is
enabled when this bit is set to 1.
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344 Interrupt Flag Register 1 (IRR1)

IRR1 indicates the IRQAEC, IRQ1, and IRQO interrupt request status.

Initial
Bit Bit Name Value R/W Description
7t03 — AllO — Reserved
The write value should always be 0.
2 IRREC2 0 R/(W)* IRQAEC Interrupt Request Flag

[Setting condition]

When the P12 pin is set to the IRQAEC/AECPWM pin
and the specified edge is detected as the pin state

[Clearing condition]
When 0 is written to this bit

1 IRRI1 0 R/(W)* IRQ1 Interrupt Request Flag
[Setting condition]

When the IRQ1 pin is set as the interrupt input pin and
the specified edge is detected

[Clearing condition]
When 0 is written to this bit

0 IRRIO 0 R/(W)* IRQO Interrupt Request Flag
[Setting condition]

When the IRQO pin is set as the interrupt input pin and
the specified edge is detected

[Clearing condition]
When 0 is written to this bit

Note: * Only 0 can be written to clear the flag.
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345 Interrupt Flag Register 2 (IRR2)

IRR2 indicates the interrupt request status of the A/D converter, timer B1, and asynchronous event

counter.

Initial
Bit Bit Name Value

Description

7 — 0

Reserved
The write value should always be 0.

6 IRRAD 0

A/D Converter Interrupt Request Flag
[Setting condition]

When A/D conversion ends

[Clearing condition]

When 0 is written to this bit

5t03 — AllO

Reserved
The write value should always be 0.

2 IRRTB1 0

Timer B1 Interrupt Request Flag

[Setting condition]

When the timer B1 compare match or overflow occurs
[Clearing condition]

When 0 is written to this bit

Reserved
The write value should always be 0.

0 IRREC 0

R/(W)*

Asynchronous Event Counter Interrupt Request Flag
[Setting condition]

When the asynchronous event counter overflows
[Clearing condition]

When 0 is written to this bit

Note: * Only 0 can be written to clear the flag.
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3.5 Interrupt Sources

35.1 External Interrupts
There are four external interrupts: NMI, IRQAEC, IRQ1, and IRQO.
(1) NMI Interrupt

NMI isthe highest-priority interrupt, and is always accepted by the CPU regardless of the state of
the | bit in CCR. The NMIEG bhit in IEGR can be used to select whether an interrupt is requested
at arising edge or afalling edge on the NMI pin.

(2) IRQ1and IRQO Interrupts
IRQ1 and IRQO interrupts are requested by input signals at IRQ1 and IRQO pins.

Using the IEG1 and IEGO bitsin IEGR, it is possible to select whether an interrupt is generated by
arising or falling edge at IRQ1 and IRQO pins.

When the specified edge is input while the IRQ1 and IRQO pin functions are selected by PFCR
and PMRB, the corresponding bit in IRR1 is set to 1 and an interrupt request is generated.

Clearing the IEN1 and IENO bitsin IENR1 to O disables the interrupt request to be accepted.
Setting the | bitin CCR to 1 masks all interrupts.

(3) IRQAEC Interrupts

An IRQAEC interrupt is requested by an input signal at the IRQAEC pin or IECPWM (PWM
output for the AEC). When the IRQAEC pin isused as an external interrupt pin, clear the
ECPWME bit in AEGSR to 0.

Using the AIEGS1 and AIEGSO bitsin AEGSR, it is possible to select whether an interrupt is
generated by arising edge, falling edge, or both edges.

When the IENEC2 bit in IENR1 is set to 1 and the specified edge isinput, the corresponding bit in
IRR1 isset to 1 and an interrupt request is generated. For details, see section 13, Asynchronous
Event Counter (AEC).
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35.2 Internal Interrupts
Internal interrupts generated from the on-chip peripheral modules have the following features:

e For each on-chip peripheral module, there are flags that indicate the interrupt request status,
and enable bits that select enabling or disabling of these interrupts. Internal interrupts can be
controlled independently. If an enable bit is set to 1, an interrupt request is sent to the interrupt
controller.

3.6 Operation

NMI interrupts are accepted at all times except in the reset state. In the case of IRQ interrupts and
on-chip peripheral module interrupts, an enable bit is provided for each interrupt. Clearing an
enable bit to 0 disables the corresponding interrupt request. Interrupt sources for which the enable
bits are set to 1 are controlled by the interrupt controller.

Figure 3.2 shows a block diagram of the interrupt controller. Figure 3.3 shows the flow up to
interrupt acceptance.

Interrupt operation is described as follows.

1. If aninterrupt source whose interrupt enable register bit is set to 1 occurs, an interrupt request
is sent to the interrupt controller.

2. When the interrupt controller receives an interrupt request, it sets the interrupt request flag.

3. From among the interrupts with interrupt request flags set to 1, the interrupt controller selects
the interrupt request with the highest priority and holds the others pending (see table 3.1).

4. Theinterrupt controller checksthel bit of CCR. If the bit is 0, the selected interrupt request
isaccepted; if thel bit is 1, the interrupt request is held pending.

5. If theinterrupt request is accepted, after processing of the current instruction is completed,
both PC and CCR are pushed onto the stack. The state of the stack at thistime is shown in
figure 3.5. The PC value pushed onto the stack is the address of the first instruction to be
executed upon return from interrupt handling.

6. Thel bit of CCR is set to 1, masking further interrupts.

7. The vector address corresponding to the accepted interrupt is generated, and the interrupt
handling routine located at the address indicated by the contents of the vector addressis
executed.
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External or
internal
interrupts

External
interrupts or
internal
interrupt
enable
signals

Interrupt
request

Priority decision logic

| | | CCR (CPU)

Figure3.2 Block Diagram of Interrupt Controller
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| Program execution state |

Yes

| PC contents saved |

v

| CCR contents saved |

v

| 1 |

| Branch to interrupt handling routine |

[Legend]

PC: Program counter

CCR: Condition code register
I: | bit of CCR

Figure3.3 Flow up to Interrupt Acceptance
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Interrupt Exception Handling Sequence

361

Figure 3.4 shows the interrupt exception handling sequence. The example shown is for the case

where the program area and stack area are in a 16-hit and 2-state access space.
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(S1UB1U0D SSBIPPE J0JOB) SSRIPPE LE)S aunnos Bulpuey jdnusu| (01) (‘peinoexa JON) ssaippe yojejeid uoonAsUl o
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' aupnos; Buisseooid Ya19}4 10109\ v_omxw Buisseooid | uoNoNJIsUl JO pud 1o} Hep\
Buipuey jdnusjurjo  [BUIBIU| [eusalu| uononaisu uoljeUILLIBIEP [9A8] }dNLBlU|
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Figure3.4 Interrupt Exception Handling Sequence
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3.7 Stack Status after Exception Handling

Figures 3.5 shows the stack after completion of interrupt exception handling.

Even address

SP-4 SP (R7)— CCR
SP-3 SP +1 CCR"
SP-2 SP +2 PCH
SP -1 SP+3 PCL
SP (R7)—> SP+4
—— Stack area ——
Prior to start of interrupt After completion of interrupt
exception handling PC and CCR exception handling
saved to stack
[Legend]

PCH: Upper 8 bits of program counter (PC)
PCL: Lower 8 bits of program counter (PC)

CCR: Condition code register
SP: Stack pointer

Notes: 1. PC shows the address of the first instruction to be executed upon return from the interrupt

handling routine.

2. Register contents must always be saved and restored by word length, starting from

an even-numbered address.

* Ignored when returning from the interrupt handling routine.

Figure3.5 Stack Statusafter Exception Handling

3.71 Interrupt Response Time

Table 3.4 shows the number of wait states after an interrupt request flag is set until the first
instruction of the interrupt handling-routine is executed.

Table3.4 Interrupt Wait States

Item States Total
Waiting time for completion of executing instruction* 11023 15 to 37
Saving of PC and CCR to stack 4

Vector fetch 2

Instruction fetch 4

Internal processing 4

Note: * Excluding EEPMOYV instruction.
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3.8 Usage Notes

3.8.1 Noteson Stack AreaUse

When word data is accessed in this LSI, the least significant bit of the addressis regarded as 0.
Access to the stack always takes place in word size, so the stack pointer (SP: R7) should never
indicate an odd address. To save register values, use PUSH.W Rn (MOV.W Rn, @-SP) or
PUSH.L ERn (MOV.L ERn, @-SP). To restore register values, use POP.W Rn (MOV.W @SP+,
Rn) or POP.L ERn (MOV.L @SP+, ERn).

Setting an odd address in SP may cause a program to crash. An example is shown in figure 3.6.

PCH SP — R1L H'FEFC
SP — PCL PC | H'FEFD
Sp — H'FEFF
BSR instruction MOV.B RI1L, @-R7
SP set to H'FEFF Stack accessed beyond SP Contents of PC  argjost
[Legend]

PC H: Upper byte of program counter
PC |: Lower byte of program counter
R1L:  General register R1L

SP: Stack pointer

Figure3.6 Operation when Odd Addressis Set in SP

When CCR contents are saved to the stack during interrupt exception handling or restored when
an RTE instruction is executed, this also takes place in word size. Both the upper and lower bytes
of word data are saved to the stack; on return, the even address contents are restored to CCR while
the odd address contents are ignored.
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3.8.2 Noteson Switching Functions of External Interrupt Pins

When PFCR and PMRB are rewritten to switch the functions of external interrupt pins and when
the value of the ECPWME bit in AEGSR is rewritten to switch between selection and non-
selection of IRQAEC, the following points should be observed.

When apin function is switched by rewriting PFCR or PMRB that controls an external interrupt
pin (IRQAEC, IRQI, or IRQO), the interrupt request flag is set to 1 at the time the pin function is
switched, even if no valid interrupt isinput at the pin. Be sureto clear the interrupt request flag to
0 after switching the pin function. When the value of the ECPWME bit in AEGSR that sets
selection or non-selection of IRQAEC is rewritten, the interrupt request flag may be set to 1, even
if avalid edge has not arrived on the selected IRQAEC or IECPWM (PWM output for the AEC).
Therefore, be sureto clear the interrupt request flag to 0 after switching the pin function.

Figure 3.7 shows the procedure for setting a bit in PFCR and PMRB and clearing the interrupt
request flag. This procedure also appliesto AEGSR setting.

When switching a pin function, mask the interrupt before setting the bit in PFCR and PMRB (or
AEGSR). After accessing PFCR and PMRB (or AEGSR), execute at least one instruction (e.g.,
NOP), then clear the interrupt request flag from 1 to O. If the instruction to clear theflagto O is
executed immediately after PFCR and PMRB (or AEGSR) access without executing an
instruction, the flag will not be cleared.

An alternative method is to avoid the setting of interrupt request flags when pin functions are
switched by keeping the pins at the high level. However, the procedure in figure 3.7 is
recommended because IECPWM is an internal signal and determining its value is complicated.

Interrupts masked. (Another possibility
| I bitin CCR « 1 | ffffffffff is to disable the relevant interrupt in the
j interrupt enable register 1.)

| Set PFCR and PMRB (or AEGSR) bit |

After setting PFCR and PMRB

(or AEGSR) bit, first execute at least

| Execute NOP instruction | ”””” one instruction (e.g., NOP), then clear
| the interrupt request flag to 0

| Clear interrupt request flag to 0 |

| I bitin CCR« 0 | ”””””” Interrupt mask cleared

Figure3.7 PFCR and PMRB (or AEGSR) Setting
and Interrupt Request Flag Clearing Procedure
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3.8.3 Method for Clearing Interrupt Request Flags

Use the recommended method given below when clearing the flags in interrupt request registers
(IRR1 and IRR2).

¢ Recommended method

Use asingleinstruction to clear flags. The bit manipulation instruction and byte-size data
transfer instruction can be used. Two examples of program code for clearing IRRI1 (bit 1 in
IRR1) are given below.

Example 1:

BCLR #1, @IRR1:8

Example 2:

MOV.B R1L, @QIRR1:8 (set the value of RIL to B'11111101)

e Example of amalfunction
When flags are cleared with multiple instructions, other flags might be cleared during
execution of the instructions, even though they are currently set, and this will cause a
malfunction.
Hereisan example in which IRRIO is cleared and disabled in the process of clearing IRRI1
(bit 1in IRRY).

MOV.B @IRR1:8,R1L ......... IRRIO = 0 at this time
AND.B #B'11111101,R1L ..... Here, IRRIO = 1
MOV.B R1L,Q@IRR1:8 ......... IRRIO is cleared to O

In the above example, it is assumed that an IRQO interrupt is generated while the AND.B
instruction is executing.

The IRQO interrupt is disabled because, although the original objectiveisclearing IRRI1,
IRRIO isaso cleared.

3.84  Conflict between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to 0 to disable interrupts, the disabling becomes effective
after execution of the instruction. When an interrupt enable bit is cleared to 0 by an instruction
such as BCLR or MOV, and if an interrupt is generated during execution of the instruction, the
interrupt concerned will still be enabled on completion of the instruction, and so interrupt
exception handling for that interrupt will be executed on completion of the instruction. When an
interrupt source flag is cleared to 0, the interrupt concerned will be ignored.
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3.85 Instructionsthat Disable Interrupts
Theinstructions that disable interrupts are LDC, ANDC, ORC, and XORC.

When an interrupt request is generated, an interrupt is requested to the CPU. At that time, if the
CPU is executing an instruction that disables interrupts, the CPU always executes the next
instruction after the instruction execution is compl eted.

3.8.6 Interruptsduring Execution of EEPMQV Instruction
Interrupt operation differs between the EEPM OV .B instruction and the EEPMOV.W instruction.

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

With the EEPMOV.W instruction, even if an interrupt request other than the NMI isissued during
transfer, the interrupt is not accepted until the transfer is completed. If the NMI interrupt request is
issued, NMI exception handling starts at abreak in the transfer cycle. The PC value saved on the
stack in this case is the address of the next instruction.

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

L1l: EEPMOV.W
MOV .W R4,R4
BNE Ll

387 IENR Clearing

When an interrupt request is disabled by clearing the interrupt enable register or when the interrupt
flag register is cleared, the interrupt request should be masked (I bit = 1). If the above operation is
executed while the | bit is 0 and conflict between the instruction execution and the interrupt
reguest generation occurs, exception handling, which corresponds to the interrupt request
generated after instruction execution of the above operation is completed, is executed.
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Section 4 Clock Pulse Generators

The clock pulse generator is provided on-chip, including both a system clock pulse generator and
asubclock pulse generator. The system clock pulse generator consists of a system clock oscillator,
system clock divider, and on-chip oscillator. The subclock pulse generator consists of a subclock
oscillator, on-chip oscillator clock divider, and subclock divider. Figure 4.1 shows a block
diagram of the clock pulse generators.

E7.2 '
1 dosc ‘ .
—. »| System 0sc/8 [0
0OsCt ' éllock ¢osc - dosc System 0sc/16 > | |
0sC2 <—| (fosc) (fosc) clock  [gosc/32 | ! /2
; oscillator —_———— divider [gosc/6a ™ | ! Prescaler S [ q;o
I On-chip | Rosc ! (13 bits) |
' : /8192
! oscillator | (frosc) !
| System clock pulse j > Rosc
generator oo )
' ! ()
H On-chip | e
E L1 oscillator ow/2 L: E
X1 ——1 Subclock | ow plock divider > Ssi?l%(;?k ow/d i e gsue
X2 <—| oscillator [~ > ow/g |1, '
H r > w/2
1 A T 0
, ; > ow/4
E i | Prescalerw [ ¢w/8
' Subclock pulse generator g (8 bits) [, to
................................................................... ; d/1024

[Legend]
OSCCR: Oscillator control register

Figure4.1 Block Diagram of Clock Pulse Generators

The reference clock signals that drive the CPU and on-chip peripheral modules are ¢ and ¢,,. The
system clock is divided by prescaler S to become a clock signal from ¢/8192 to ¢/2. ¢,,/4, which is
1/4th of the watch clock ¢, is divided by prescaler W to become a clock signal from ¢,,/1024 to
¢,,/8. Both the system clock and subclock signals are provided to the on-chip peripheral modules.
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4.1 Register Description

e Oscillator control register (OSCCR)

411  Ogcillator Control Register (OSCCR)

OSCCR controls the subclock oscillator, on-chip feedback resistance, and on-chip oscillator.

Initial
Bit Bit Name Value R/W Description
7 SUBSTP 0 R/W Subclock Oscillator Control

Controls start and stop of the subclock oscillator. When
the subclock is not used, set this bit to 1.

0: Subclock oscillator operates
1: Subclock oscillator stops

6 RFCUT 0 R/W On-chip Feedback Resistance Control

Selects whether the on-chip feedback resistance in the
system clock oscillator is used when an external clock
is input or when the on-chip oscillator is used.

After setting this bit in the state in which an external
clock is input or the on-chip oscillator is used,
temporarily transit to standby mode, watch mode, or
subactive mode. The setting of whether the feedback
resistance in the system clock oscillator is used or not
takes effect when standby mode, watch mode, or
subactive mode is entered.

0: On-chip feedback resistance in system clock
oscillator is used

1: On-chip feedback resistance in system clock
oscillator is not used

5 SUBSEL 0 R/W Subclock Select

Selects by which oscillator the subclock pulse
generator operates.

0: Subclock oscillator operates
1: On-chip oscillator operates

Note: The SUBSEL bit setting can be changed only
when the subclock is not being used.
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Initial
Bit Bit Name Value R/W Description
4,3 — All O — Reserved
These bits are always read as 0 and cannot be
modified.
2 — 0 — Reserved
The write value should always be 0.
1 OSCF —* R OSC Flag
Indicates by which oscillator the system clock pulse
generator operates.
0: System clock oscillator operates
1: On-chip oscillator operates (system clock oscillator is
halted)
0 — 0 — Reserved

The write value should always be 0.
Note: * The value depends on the state of the E7_2 pin. Refer to table 4.1.
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4.2 System Clock Oscillator

Clock pulses can be supplied to the system clock divider either by connecting a crystal or ceramic
resonator, or by providing external clock input.

Either the system clock oscillator or on-chip oscillator can be selected, as shown in figure 4.1. For
the selecting method, see section 4.2.4, On-Chip Oscillator Selection Method.

421 Connecting Crystal Resonator

Figure 4.2 shows atypical method of connecting acrystal resonator. An AT-cut parallel-resonance
crystal resonator should be used. For notes on connecting, refer to section 4.5.2, Notes on Board
Design.

0sCt :IT| |}
osc2 _L|02|}

Frequency Manufacturer Product Type | C1, C2 Recommendation Value
4.194304 MHz | NIHON DEMPA KOGYO CO.,LTD. | NR-18 12 pF +20%

Figure4.2 Typical Connection to Crystal Resonator

4.2.2  Connecting Ceramic Resonator

Figure 4.3 shows atypical method of connecting a ceramic resonator. For notes on connecting,
refer to section 4.5.2, Notes on Board Design.

Cy
osct——1— b
—

Co
osca|— | =1

Frequency |Manufacturer C1, C2 Recommendation Value

4.19 MHz Murata Manufacturing Co., Ltd. [ 15 pF (on-chip)
47 pF (on-chip)

Figure4.3 Typical Connection to Ceramic Resonator
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423 External Clock Input Method

Connect an external clock signal to pin OSCL1, and leave pin OSC2 open. Figure 4.4 shows a
typical connection. The duty cycle of the external clock signal must be 45 to 55%.

OSC1 |——— | | | | | | External clock input

0ScC2

Open

Figure4.4 Example of External Clock Input

424  On-Chip Oscillator Selection Method

The on-chip oscillator is selected by the E7_2 pin input level during areset. The methods for
selecting the system clock oscillator and on-chip oscillator are shown in table 4.1. The input level
onthe E7_2 pin during areset is pulled up or down using aresistor according to the selected
oscillator, and fixed on exit from the reset state.

When the on-chip oscillator is selected, a resonator no longer needs to be connected to the OSC1
and OSC2 pins. In such a case, fix the OSC1 pin to GND or leave it open, and leave the OSC2 pin
open.

Notes: 1. When programming or erasing the flash memory, such as performing on-board
programming, the system clock oscillator must be selected. When the on-chip emulator
is used, even though the on-chip oscillator is selected, connect a resonator or input an
externa clock.

2. When the on-chip debugger is connected, the value of the resistor should be high.
When not connected, it is specified according to the selected oscillator.

Table4.1 Methodsfor Selecting System Clock Oscillator and On-Chip Oscillator

Oscillator in System Clock Pulse

E7_2 Pin Input Level (during Reset) Generator OSCF
0 On-chip oscillator
1 System clock oscillator 0
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4.3 Subclock Oscillator

A subclock can be provided by connecting a crystal resonator or inputting an external clock.

Either the subclock oscillator or on-chip oscillator can be selected, as shown in figure 4.1. For the

selecting method, see section 4.3.4, On-Chip Oscillator Selection Method.

431 Connecting 32.768-kHz/38.4-kHz Crystal Resonator

Figure 4.5 shows an example of connecting a 32.768-kHz or 38.4-kHz crystal resonator. Notes

described in section 4.5.2, Notes on Board Design also apply to this connection.

X1 TI:ICI;1I—77|T
X2 J_y_n'r

Frequency |Manufacturer

Products Name

Equivalent Series Resistance

38.4 kHz EPSON TOYOCOM CORPORATION | C-4-TYPE

30 kQ (max.)

32.768 kHz |EPSON TOYOCOM CORPORATION | C-001R

35 kQ (max.)

C1=C2 =7pF (typ.)

Note: Consult with the crystal resonator manufacturer to determine the parameters.

Figure4.5 Typical Connection to 32.768-kHz/38.4-kHz Crystal Resonator

1. When the resonator other than ones listed above is used, perform matching evaluation with the
crystal resonator manufacture and connect it under the optimum condition. Even when the
resonator listed above or the equivalent is used, as the oscillation characteristics depend on the

board specification, perform matching evaluation on the mounting board.

2. Perform matching evaluation in the reset state (the RES pin islow) and on exit from the reset

state (the RES pin isdriven from low to high).
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Figure 4.6 shows the equivalent circuit of the crystal resonator.

[ X2

Co =1.5pF (typ.)
Rg =14kQ (typ.)
fyw =32.768 kHz/38.4 kHz

Figure4.6 Equivalent Circuit of 32.768-kHz/38.4-kHz Crystal Resonator

4.3.2  Pin Connection when not Using Subclock

When the subclock is not used, connect the X1 pin to GND and leave the X2 pin open, as shown

infigure4.7.

X1
Jy GND

X2 Open

Figure4.7 Pin Connection when not Using Subclock
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433 External Clock Input Method

Connect the external clock to the X1 pin and leave the X2 pin open, as shown in figure 4.8.

X1 — | | | | | | External clock input

X2 ——— Open

Figure 4.8 Pin Connection when Inputting External Clock

Frequency Watch Clock (¢,,)

Duty 45% t0 55%

434 On-Chip Oscillator Selection Method

The on-chip oscillator is selected by the SUBSEL bit in OSCCR. When the on-chip oscillator is
selected, aresonator no longer needs to be connected to the X1 and X2 pins. In such acase, fix the
X1 pinat GND.
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4.4 Prescalers

This LSl is equipped with two on-chip prescalers (prescaler S and prescaler W), which have
different input clocks.

Prescaler Sisa 13-bit counter using the system clock (¢) asitsinput clock. Its prescaled outputs
provide internal clock signals for on-chip peripheral modules. Prescaler W is an 8-bit counter
using ¢,,/4, which is 1/4th of the watch clock ¢,,, asitsinput clock. Its prescaled outputs provide
internal clock signals for on-chip peripheral modules.

441 Prescaler S

Prescaler Sisa13-bit counter using the system clock (¢) asitsinput clock. A divided output is
used as an internal clock of an on-chip peripheral module. Prescaler Sisinitialized to H'0000 at a
reset, and starts counting up on exit from the reset state. In standby mode, watch mode, subactive
mode, and subsleep mode, prescaler S stops and is initialized to H'0000. The CPU cannot read
from or writeto prescaler S.

The output from prescaler Sis shared by the on-chip peripheral modules. In active (medium-
speed) mode and sleep (medium-speed) mode, the clock input to prescaler Sis determined by the
division ratio designated by the MA1 and MAO bitsin SY SCR1.

442  Prescaler W

Prescaler W is an 8-bit counter using ¢,,/4, which is 1/4th of the watch clock ¢,,, asitsinput clock.
A divided output is used as an internal clock of an on-chip peripheral module. Prescaler W is
initialized to H'00 at areset, and starts counting up on exit from the reset state. In standby mode,
prescaler W is halted. Even when transiting to watch mode, subactive mode, and subsleep mode,
prescaler W continues operation.
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45 Usage Notes

45.1 Noteon Resonatorsand Resonator Circuits

Resonator characteristics are closely related to board design. Therefore, resonators should be
assigned after being carefully evaluated by the user in the masked ROM version and flash memory
version, with referring to the examples shown in this section. Resonator circuit constants will
differ depending on aresonator, stray capacitance in its mounting circuit, and other factors.
Suitable constants should be determined in consultation with the resonator manufacturer. Design
the circuit so that the oscillator pin is never applied voltages exceeding its maximum rating.

E

X2
-
X1

AVcec :l (Vss)

Figure4.9 Exampleof Crystal and Ceramic Resonator Assignment
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Figure 4.10 (1) shows an example measuring circuit with the negative resistance recommended by
the resonator manufacturer. Note that if the negative resistance of the circuit is less than that
recommended by the resonator manufacturer, it may be difficult to start the main oscillator.

If it is determined that oscillation does not occur because the negative resistance is lower than the
level recommended by the resonator manufacturer, the circuit must be modified as shown in figure
4.10 (2) through (4). Which of the modification suggestions to use and the capacitor capacitance
should be decided based upon evaluation results such as the negative resistance and the frequency
deviation.

Modification
point

j_ 0scH

= )

é‘ 0sc2 || osc2
\ !

Negative resistance,

OSCH

+—i—

addition of -R
(1) Negative Resistance Measuring Circuit (2) Oscillator Circuit Modification Suggestion 1
Modification
point
Modification T
point C3
[ * osct
ci J_ —___/ OSCH1
C1
o =
——/ ]
e 01
o 0sC2 |} ° 0SC2
c2
i
—
(3) Oscillator Circuit Modification Suggestion 2 (4) Oscillator Circuit Modification Suggestion 3
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45.2 Noteson Board Design

When using a crystal resonator (ceramic resonator), place the resonator and its load capacitors as
close as possible to the OSC1 and OSC2 pins. Other signal lines should be routed away from the
resonator circuit to prevent induction from interfering with correct oscillation (see figure 4.11).

Avoid —— Signal A Signal B

0OSC1

osc2 | l—»L

0

Figure4.11 Example of Incorrect Board Design

Note: When acrystal resonator or ceramic resonator is connected, consult with the crystal
resonator and ceramic resonator manufacturers to determine the circuit constants because
the constants differ according to the resonator, stray capacitance of the mounting circuit,
and so on.

453 Definition of Oscillation Stabilization Wait Time

Figure 4.12 shows the oscillation waveform (OSC2), system clock (¢), and microcomputer
operating mode when a transition is made from standby mode, watch mode, or subactive mode, to
active (high-speed/medium-speed) mode, with an resonator connected to the system clock
oscillator.

As shown in figure 4.12, when a transition is made to active (high-speed/medium-speed) mode,
from standby mode, watch mode, or subactive mode, in which the system clock oscillator is
halted, the sum of the following two times (oscillation start time and wait time) is required.

(1) Oscillation Start Time

The time from the point at which the system clock oscillator oscillation waveform starts to change
when an interrupt is generated, until the system clock starts to be generated.
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(2) Wait Time

After the system clock is generated, the time required for the amplitude of the oscillation
waveform to increase, the oscillation frequency to stabilize, and the CPU and peripheral functions
to begin operating.

Oscillation waveform VMA
(0SC2) . . . . . )

System clock (¢)

Oscillation
start time

\ Wait time
<

»
Lag

A
Y

Standby mode,

. watch mode, i S . Active (high-speed) mode or
Operating mode or subactive Oscillation stabilization wait time active (medium-speed) mode
mode

Interrupt accepted

Figure4.12 Oscillation Stabilization Wait Time

As the oscillation stabilization wait time required is the same as the oscillation stabilization time
(t.) at power-on, specified in the AC characteristics, set the STS2 to STSO bitsin SY SCR1 to
specify the time longer than the oscillation stabilization time (t ).

Therefore, when atransition is made from standby mode, watch mode, or subactive mode, to
active (high-speed/medium-speed) mode, with an resonator connected to the system clock
oscillator, careful evaluation must be carried out on the mounting circuit before deciding the
oscillation stabilization wait time. For the wait time, secure the time required for the amplitude of
the oscillation waveform to increase and the oscillation frequency to stabilize. In addition, since
the oscillation start time differs according to mounting circuit constants, stray capacitance, and so
forth, suitable constants should be determined in consultation with the resonator manufacturer.
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454 Noteon Subclock Stop State

To stop the subclock, a state transition should not be made except to mode in which the system
clock operates. If the state transition is made to other mode, it may result in incorrect operation.

455 Noteon the Oscillation Stabilization of Resonator s

When amicrocomputer operates, the internal power supply potential fluctuates slightly in
synchronization with the system clock. Depending on the individual resonator characteristics, the
oscillation waveform amplitude may not be sufficiently large immediately after the oscillation
stabilization wait time, making the oscillation waveform susceptible to influence by fluctuationsin
the power supply potential. In this state, the oscillation waveform may be disrupted, leading to an
unstable system clock and incorrect operation of the microcomputer.

If incorrect operation occurs, change the setting of the standby timer select bits 2to 0 (STS2 to
STS0) (bits 6 to 4 in the system control register 1 (SY SCR1)) to give alonger wait time.

For example, if incorrect operation occurs with await time setting of 512 states, check the
operation with await time setting of 1,024 states or more.

If the same kind of incorrect operation occurs after areset as after a state transition, hold the RES
pin low for alonger period.

45.6 Noteon Using Power-On Reset

The power-on reset circuit in this LS| adjusts the reset clear time by the capacitor capacitance,
which is externally connected to the RES pin. The external capacitor capacitance should be
adjusted to secure the oscillation stabilization time before reset clearing. For details, refer to
section 19, Power-On Reset Circuit.

45.7 Noteon Using On-Chip Emulator

When the on-chip emulator is used, system clock accuracy is necessary for flash memory
programming/erasing. The frequency of the on-chip oscillator differs depending on the voltage
and temperature conditions. Therefore, when using the on-chip emulator, the resonator must be
connected to the OSC1 and OSC2 pins or an external clock must be supplied. In this case, the on-
chip oscillator is used for user program execution, and the system clock is used for flash memory
programming/erasing. This control is handled when the E7_2 pin is fixed to high level during a
reset by the on-chip emulator.
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Section 5 Power-Down Modes

This LS has eight modes of operation after areset. These include a normal active (high-speed)
mode and seven power-down modes, in which power consumption is significantly reduced. The
modul e standby function reduces power consumption by selectively halting on-chip module
functions.

Active (medium-speed) mode

The CPU and all on-chip peripheral modules are operable on the system clock. The system
clock frequency can be selected from ¢/8, $,/16, ¢oo/32, and ¢../64.

Subactive mode

The CPU and all on-chip peripheral modules are operable on the subclock. The subclock
frequency can be selected from ¢,,, ¢,,/2, ¢,,/4, and ¢,,/8.

Sleep (high-speed) mode

The CPU halts. On-chip peripheral modules are operable on the system clock.

Sleep (medium-speed) mode

The CPU halts. On-chip peripheral modules are operable on the system clock. The system
clock frequency can be selected from ¢../8, d,s/16, ¢../32, and ¢, /64.

Subsleep mode

The CPU halts. The on-chip peripheral modules are operable on the subclock. The subclock
frequency can be selected from ¢,,, ¢,,/2, ¢,,/4, and ¢,,/8.

Watch mode

The CPU halts. The on-chip peripheral modules are operable on the subclock.
Standby mode

The CPU and all on-chip peripheral modules halt.

Module standby function

Independent of the above modes, power consumption can be reduced by halting on-chip
peripheral modules that are not used in module units.

Note: Inthis manual, active (high-speed) mode and active (medium-speed) mode are collectively

called active mode.

Rev. 3.00 May 15, 2007 Page 77 of 516
RENESAS REJ09B0152-0300



Section 5 Power-Down Modes

51 Register Descriptions

Theregisters related to power-down modes are as follows.

e System control register 1 (SYSCR1)
e System control register 2 (SY SCR2)

e Clock halt registers 1 and 2 (CKSTPR1 and CKSTPR2)

51.1 System Control Register 1 (SYSCR1)

SY SCR1 controls the power-down modes, as well as SY SCR2.

Initial
Bit Bit Name Value R/W Description
7 SSBY 0 R/W Software Standby
Selects the mode to transit after the execution of the
SLEEP instruction.
0: A transition is made to sleep mode or subsleep
mode.
1: A transition is made to standby mode or watch mode.
For details, see table 5.2.
STS2 0 R/W Standby Timer Select2t0 0
STSH1 0 R/W Designate the time the CPU and peripheral modules
STSO 0 R/W wait for stable clock operation after exiting from standby

mode, subactive mode, or watch mode to active mode
or sleep mode due to an interrupt. The designation
should be made according to the operating frequency
so that the waiting time is at least equal to the
oscillation stabilization time. The relationship between
the specified value and the number of wait states is
shown in table 5.1.

When an external clock is to be used, the minimum
value (STS2=1,STS1=1,and STS0=1) is
recommended. When the on-chip oscillator is to be
used, the minimum value (STS2 =1, STS1 =1, and
STSO = 1) is recommended. If a setting other than the
recommended value is made, operation may start
before the end of the waiting time.
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Initial
Bit Bit Name Value R/W Description
3 LSON 0 R/W Selects the system clock (¢) or subclock (¢,,) as the
CPU operating clock when watch mode is cleared.
0: The CPU operates on the system clock (¢)
1: The CPU operates on the subclock (¢g,)
2 TMAS 0 R/W Selects the mode to which the transition is made after
the SLEEP instruction is executed with bits SSBY and
LSON in SYSCR1 and bits DTON and MSON in
SYSCR2. For details, see table 5.2.
1 MA1 1 R/W Active Mode Clock Select 1 and 0
0 MAO 1 R/W Select the operating clock frequency in active (medium-
speed) mode and sleep (medium-speed) mode. The
MA1 and MAO bits should be written to in active (high-
speed) mode or subactive mode.
00: ¢.../8
01: ¢../16
10: ¢,¢/32
11: ¢ /64
Table5.1 Operating Frequency and Waiting Time
Bit Operating Frequency and Waiting Time
STS2 STS1 STSO Waiting States 10 MHz 8 MHz 6 MHz 5 MHz 4.194MHz 3 MHz 2 MHz
0 0 0 8,192 states 819.2 1,024.0¢' 1,365.3*" 1,638.4 1953.3 2,730.7 4,096.0
1 16,384 states 1,638.4 2,0480 27307 3,276.8 39065  5461.3*' 8,192.0*'
0 1,024 states 102.4 128.0 170.7 204.8 244.2 341.3 512.0
1 2,048 states 204.8 256.0 341.3 409.6 488.3 682.7 1,024.0
1 0 0 4,096 states 409.6 512.0 682.7*'  819.2*'  976.6 1,365.3  2,048.0
1 256 states 25.6 32.0 427+ 5122  |61.0 85.3*>  128.0%°
0 512 states 51.2 64.0  85.3*> 1024 122.1 170.7 256.0
1 16 states 1.6 2.0 2.7 3.2 3.8 5.3 8.0

Notes: Time unit is ps.
|:| : Recommended value when crystal resonator is used (Vcc =2.7 V to 3.6 V)

|:| : Recommended value when ceramic resonator is used (Vcc =2.2 V to 3.6 V)

1. Reference value when crystal resonator is used
2. Reference value when ceramic resonator is used
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51.2 System Control Register 2 (SYSCR2)

SY SCR2 controls the power-down modes, as well as SY SCR1.

Initial
Bit Bit Name Value R/W Description
7t05 — All 1 — Reserved
These bits are always read as 1 and cannot be
modified.
4 NESEL 1 R/W Noise Elimination Sampling Frequency Select

The subclock pulse generator generates the watch
clock signal (¢,,) and the system clock pulse generator
generates the oscillator clock (¢,.). This bit selects the
sampling frequency of ¢, when ¢,, is sampled. When a
system clock is used, clear this bit to 0.When the on-
chip oscillator is selected, set this bitto 1.

0: Sampling rate is ¢.,/16.
1: Sampling rate is ¢,../4.

3 DTON 0 R/W Direct Transfer on Flag

Selects the mode to which the transition is made after
the SLEEP instruction is executed with bits SSBY,
TMAZ3, and LSON in SYSCR1 and bit MSON in
SYSCR2. For details, see table 5.2.

2 MSON 0 R/W Medium Speed on Flag

After standby, watch, or sleep mode is cleared, this bit
selects active (high-speed) or active (medium-speed)
mode.

0: Operation in active (high-speed) mode
1: Operation in active (medium-speed) mode

SA1 0 R/W Subactive Mode Clock Select 1 and 0

0 SAO0 0 R/W Select the operating clock frequency in subactive and
subsleep modes. The operating clock frequency
changes to the set frequency after the SLEEP
instruction is executed.

00: ¢,/8
01: ¢, /4
10: ¢,/2
11: ¢,

Rev. 3.00 May 15, 2007 Page 80 of 516
REJ09B0152-0300 RENESAS



Section 5 Power-Down Modes

513 Clock Halt Registers1 and 2 (CKSTPR1 and CKSTPR2)

CKSTPR1 and CKSTPR2 allow the on-chip peripheral modules to enter the standby statein

module units.
o CKSTPR1
Initial
Bit Bit Name Value R/W Description
7 — 0 — Reserved
This bit is always read as 0 and cannot be modified.
6 S3CKSTP 0 R/W SCI3 Module Standby*'
SCI3 enters standby mode when this bit is cleared to 0.
5 — 0 — Reserved
This bit is always read as 0 and cannot be modified.
4 ADCKSTP 0 R/W A/D Converter Module Standby
A/D converter enters standby mode when this bit is
cleared to 0.
3 — 0 — Reserved
This bit is always read as 0 and cannot be modified.
2 TB1CKSTP 0 R/W Timer B1 Module Standby
Timer B1 enters standby mode when this bit is cleared
to 0.
1 FROMCKSTP*? 1 R/W Flash Memory Module Standby
Flash memory enters standby mode when this bit is
cleared to 0.
0 RTCCKSTP 1 R/W RTC Module Standby

RTC enters standby mode when this bit is cleared to 0.
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o CKSTPR2
Initial

Bit Bit Name Value R/W Description

7 — 0 — Reserved
This bit is always read as 0 and cannot be modified.

6 TWCKSTP 0 R/W Timer W Module Standby
Timer W enters standby mode when this bit is cleared
to 0.

5 IICCKSTP 0 R/W 1IC2 Module Standby
The IIC2 enters standby mode when this bit is cleared
to 0.

4 SSUCKSTP 0 R/W SSU Module Standby
The SSU enters standby mode when this bit is cleared
to 0.

3 AECCKSTP 0 R/W Asynchronous Event Counter Module Standby
The asynchronous event counter enters standby mode
when this bit is cleared to 0.

2 WDCKSTP 1 R/W*®  Watchdog Timer Module Standby
The watchdog timer enters standby mode when this bit
is cleared to 0.

1 COMPCKSTP 0 R/W Comparator Module Standby
The comparators enter standby mode when this bit is
cleared to 0.

0 — 0 — Reserved

This bit is always read as 0 and cannot be modified.

Notes: 1. When the SCI3 module standby is set, all registers in the SCI3 enter the reset state.
2. When using the on-chip emulator, set this bit to 1.
3. This bit is valid when the WDON bit in TCSRW is 0. If this bit is cleared to 0 while the
WDON bit is set to 1 (while the watchdog timer is operating), this bit is cleared to 0.
However, the watchdog timer does not enter module standby mode and continues
operating. When the WDON bit is cleared to 0 by software, this bit is valid and the
watchdog timer enters module standby mode.
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5.2 Mode Transitions and Statesof LS|

Figure 5.1 shows the possible transitions among these operating modes. A transition is made from
the program execution state to the program halt state of the program by executing a SLEEP
instruction. Interrupts alow for returning from the program halt state to the program execution
state of the program. A direct transition between active mode and subactive mode, which are both
program execution states, can be made without halting the program. The operating frequency can
also be changed in the same modes by making a transition directly from active mode to active
mode, and from subactive mode to subactive mode. RES input enables transitions from a mode to
the reset state. Table 5.2 shows the transition conditions of each mode after the SLEEP instruction
is executed and a mode to return by an interrupt. Table 5.3 shows the internal states of the LSl in
each mode.
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Program Program

_____ executonstate g ppp . _haltstate

Reset state

1
i Program i SLEEP @), ] i instruction@i - i
! halt state instruction ! _Active i — _Sleep i
! (h|gh-§peed i | (high-speed) i
| mode) ~——O@—— mode i
i Standby y ! @: !
! A 1 1
! mode !
i ) . Qf‘g S E
X1
| O] [steer \N\\ & |
' SLEEP | |nstruction & ! !
H instructior) E % 6%,' E
i kS s
i : 0 i
| e _ SLEE_P@ !
I | instructiont |
! Active ' Slee| !
! (medium-speed) | ! (medium-speed) |
i mode * O mode !
i J i !
| SLEEP'(D l i
! f instruction ! i
| | 1 !
! ! SLEEP [/ siEEp | .
' i nstruction /1/"instruction ! !
i | SLEEP ! i !
1 . .
! @ ilnstructlon i i i
| I SLEEP™ | . | SLEEP . -
E . E Subactive ! |nstruc;t.|$n E Subsleep !
H _:_®_r> mode - ! \g/ ! mode E
I —— ] S — S — !
— : Transition is made after exception handling C) Power-down modes
is executed.
Mode Transition Conditions (1) Mode Transition Conditions (2)
LSON MSON SSBY TMA3 DTON Interrupt Sources

@ 0 0 0 X 0 @ |NMI, IRQO, IRQ1, IRQAEC, COMP, RTC, WDT,

® 1 0 X 0 AEC, and timer B1

© 1 X 0 1 0 @ |Allinterrupts except 1IC2

@ 0 X 1 0 0 ® |Allinterrupts

® X X 1 1 0 @ |NMI, IRQO, IRQ1, IRQAEC, COMP, WDT, and

® 0 0 0 x 1 AEC

@] o 1 0 x 1

® 0 1 1 1 1

@ 1 X 1 1 1

@ 1 1 1 1 1

0) 0 0 1 1 1 x: Don't care

Note: A transition between different modes cannot be made to occur simply because an interrupt
request is generated. Make sure that interrupt handling is accepted.

Figure5.1 Mode Transition Diagram
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Table5.2 Transition Mode after SLEEP Instruction Execution and Interrupt Handling

Transition Mode after SLEEP Transition Mode due to
LSON |MSON [SSBY |TMA3 |DTON |Instruction Execution Interrupt
Active (high- |0 0 0 X 0 Sleep (high-speed) mode Active (high-speed) mode
speed) mode 0 1 0 X 0 Sleep (medium-speed) mode Active (medium-speed) mode
0 0 1 0 0 Standby mode Active (high-speed) mode
0 1 1 0 0 Standby mode Active (medium-speed) mode
0 0 1 1 0 Watch mode Active (high-speed) mode
0 1 1 1 0 Watch mode Active (medium-speed) mode
1 X 1 1 0 Watch mode Subactive mode
0 0 0 X 1 Active (high-speed) mode (direct |—
transition)
0 1 0 X 1 Active (medium-speed) mode —
(direct transition)
1 X 1 1 1 Subactive mode (direct transition) |[—
Active 0 0 0 X 0 Sleep (high-speed) mode Active (high-speed) mode
(medium- 0 1 0 X 0 Sleep (medium-speed) mode Active (medium-speed) mode
speed) mode
0 0 1 0 0 Standby mode Active (high-speed) mode
0 1 1 0 0 Standby mode Active (medium-speed) mode
0 0 1 1 0 Watch mode Active (high-speed) mode
0 1 1 1 0 Watch mode Active (medium-speed) mode
1 1 1 1 0 Watch mode Subactive mode
0 0 0 X 1 Active (high-speed) mode (direct |—
transition)
0 1 0 X 1 Active (medium-speed) mode —
(direct transition)
1 1 1 1 1 Subactive mode (direct transition) |[—
Subactive 1 X 0 1 0 Subsleep mode Subactive mode
mode 0 0 1 1 0 Watch mode Active (high-speed) mode
0 1 1 1 0 Watch mode Active (medium-speed) mode
1 X 1 1 0 Watch mode Subactive mode
0 0 1 1 1 Active (high-speed) mode (direct  |—
transition)
0 1 1 1 1 Active (medium-speed) mode —
(direct transition)
1 X 1 1 1 Subactive mode (direct transition) |[—

[Legend] x: Don’t care.
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Table5.3 Internal Statein Each Operating Mode
Active Mode Sleep Mode
High- Medium-  High- Medium-  Watch Subactive Subsleep Standby
Function speed speed speed speed Mode Mode Mode Mode
System clock oscillator ~ Functions Functions Functions Functions Halted Halted Halted Halted
Subclock oscillator Functions/ Functions/ Functions/ Functions/ Functions Functions Functions Functions/
Halted Halted Halted Halted Halted
CPU Instructions Functions Functions Halted Halted Halted Functions  Halted Halted
RAM Retained  Retained Retained Retained  Retained
Registers
I/0 Retained*'
External NMI Functions Functions Functions Functions Functions Functions Functions Functions
interrupts IRQO
IRQ1
IRQAEC
Peripheral Timer B1 Functions Functions Functions Functions Functions/ Functions/ Functions/ Retained
modules Retained** Retained*® Retained**
Timer W Retained Functions/ Functions/ Retained
Retained*® Retained*®
WDT Functions/  Functions/ Functions/ Functions/
Retained*® Retained*® Retained*® Retained**
RTC Functions/  Functions/ Functions/ Retained
Retained*® Retained*® Retained**
Asynchro- Functions  Functions  Functions Functions
nous event
counter
SCI3/ Reset Functions/ Functions/ Reset
IrDA Retained*” Retained*’
lIc2 Retained Retained Retained  Retained
SSuU Retained Functions/ Functions/ Retained
Retained*® Retained*®
A/D Retained Functions/ Functions/ Retained
Retained*® Retained*’
Comparator Functions  Functions  Functions Functions

Notes: 1. Register contents are retained. Output is the high-impedance state.
2. Functions if ¢,/256 or ¢,/1024 is selected as an internal clock. Halted and retained

otherwise.
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3. Functions if ¢,,, ¢,/4, or ¢,,/16 is selected as an internal clock. Halted and retained
otherwise.

4. Functions if the on-chip oscillator is selected. Halted and retained otherwise.

5. Functions if the on-chip oscillator is selected or if ¢,/16 or ¢,,/256 is selected as an
internal clock. Halted and retained otherwise.

6. Functions if the 32.768-kHz RTC is selected as an internal clock. Halted and retained
otherwise.

7. Functions if ¢,, is selected as an internal clock. Halted and retained otherwise.
Functions if ¢.,./2 is selected as an internal clock. Halted and retained otherwise.
9. Functions if ¢,/2 is selected as an internal clock. Halted and retained otherwise.

®

521 Sleep Mode

In sleep mode, CPU operation is halted but the system clock oscillator, subclock oscillator, and
on-chip peripheral modules function. In sleep (medium-speed) mode, the on-chip peripheral
modules function at the clock frequency set by the MA1 and MAO bitsin SYSCR1. CPU register
contents are retained.

Sleep mode is cleared by an interrupt. When an interrupt is requested, sleep modeis cleared and
interrupt exception handling starts. Sleep mode is not cleared if the | bit in CCRisset to 1 or the
requested interrupt is disabled by the interrupt enable bit. After leep mode is cleared, atransition
is made from deep (high-speed) mode to active (high-speed) mode or from sleep (medium-speed)
mode to active (medium-speed) mode.

When the RES pin goes low, the CPU goes into the reset state and sleep mode is cleared. Since an
interrupt request signal is synchronous with the system clock, the maximum time of 2/¢ (s) may be
delayed from the point at which an interrupt request signal occurs until the interrupt exception
handling is started.
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522 Standby Mode

In standby mode, the system clock oscillator stops, and the CPU and on-chip peripheral modules
stop functioning except for the WDT, asynchronous event counter, and comparators. However, as
long as the rated voltage is supplied, the contents of CPU registers and some on-chip periphera
module registers are retained. On-chip RAM contents will be retained as long as the voltage set by
the RAM data retention voltage is provided. The 1/O ports go to the high-impedance state.

Standby mode is cleared by an interrupt. When an interrupt is requested, the system clock pulse
generator starts. After the time set in bits STS2 to STS0 in SY SCR1 has elapsed, standby modeis
cleared and interrupt exception handling starts. After standby mode is cleared, atransition is made
to active (high-speed) or active (medium-speed) mode according to the MSON bit in SY SCR2.
Standby mode is not cleared if the | bit in CCR is set to 1 or the requested interrupt is disabled by
the interrupt enable bit.

When areset source is generated in standby mode, the system clock oscillator starts. If aresetis
generated by the RES pin, it must be kept low until the system clock oscillator output stabilizes
and thet,, period has elapsed. The CPU starts reset exception handling when the RES pinis
driven high.

5.2.3 Watch Mode

In watch mode, the system clock oscillator and CPU operation stop, and on-chip peripheral
modules stop functioning except for the WDT, RTC, timer B1, asynchronous event counter, and
comparators. However, as long as the rated voltage is supplied, the contents of CPU registers,
some on-chip peripheral module registers, and on-chip RAM are retained. The 1/O ports retain
their state before the transition.

Watch mode is cleared by an interrupt. When an interrupt is requested, watch mode is cleared and
interrupt exception handling starts. When watch mode is cleared by an interrupt, atransition is
made to active (high-speed) mode, active (medium-speed) mode, or subactive mode depending on
the settings of the LSON bit in SY SCR1 and the MSON bit in SY SCR2. When the transition is
made to active mode, after the time set in bits STS2 to STS0 in SY SCR1 has elapsed, interrupt
exception handling starts. Watch mode is not cleared if the | bit in CCR is set to 1 or the requested
interrupt is disabled by the interrupt enable register.

When areset source is generated in watch mode, the system clock oscillator starts. If areset is
generated by the RES pin, it must be kept low until the system clock oscillator output stabilizes
and thet,, period has elapsed. The CPU starts reset exception handling when the RES pinis
driven high.
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524  Subdeep Mode

In subsleep mode, the CPU operation stops but on-chip peripheral modules function except for the
[1C2. Aslong as arequired voltage is applied, the contents of CPU registers, the on-chip RAM,
and some registers of the on-chip peripheral modules are retained. 1/0 ports keep the same states
as before the transition.

Subsleep modeis cleared by an interrupt. When an interrupt is requested, subsleep mode is cleared
and interrupt exception handling starts. After subsleep mode is cleared, atransition is made to
subactive mode. Subsleep modeis not cleared if the | bitin CCR is set to 1 or the requested
interrupt is disabled by the interrupt enable register.

When areset source is generated in subsleep mode, the system clock oscillator starts. If aresetis
generated by the RES pin, it must be kept low until the system clock oscillator output stabilizes
and thet,., period has elapsed. The CPU starts reset exception handling when the RES pinis
driven high.

525 Subactive Mode

In subactive mode, the system clock oscillator stops but on-chip peripheral modules function
except for the [1C2. Aslong as arequired voltage is applied, the contents of some registers of the
on-chip peripheral modules are retained.

Subactive mode is cleared by the SLEEP instruction. When subactive mode is cleared, atransition
to subsleep mode, active mode, or watch mode is made, depending on the combination of bits
SSBY, LSON, and TMA3in SY SCR1 and bits MSON and DTON in SY SCR2.

When areset source is generated in subactive mode, the system clock oscillator starts. If aresetis
generated by the RES pin, it must be kept low until the system clock oscillator output stabilizes
and thet,, period has elapsed. The CPU starts reset exception handling when the RES pinis
driven high.

The operating frequency of subactive modeis selected from ¢,, (watch clock), ¢,,/2, ¢,,/4, and ¢,,/8
by the SA1 and SAO hitsin SY SCR2. After the SLEEP instruction is executed, the operating
frequency changes to the frequency which is set before the execution.
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526 Active (Medium-Speed) Mode

In active (medium-speed) mode, the clock set by the MA1 and MAOQ bitsin SY SCR1 isused as the
system clock, and the CPU and on-chip peripheral modules function.

Active (medium-speed) mode is cleared by the SLEEP instruction. When active (medium-speed)
mode is cleared, atransition to standby mode is made depending on the combination of bits
SSBY, LSON, and TMA3 in SY SCR1, atransition to watch mode is made depending on the
combination of bits SSBY and TMA3in SY SCR1, or atransition to sleep mode is made
depending on the combination of bits SSBY and LSON in SY SCR1. Moreover, atransition to
active (high-speed) mode or subactive mode is made by adirect transition. When the RES pin
goes low, the CPU goes into the reset state and active (medium-sleep) mode is cleared.
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53 Direct Transition

The CPU can execute programs in two modes: active and subactive modes. A direct transition is
made between these two modes without stopping program execution. A direct transition can also
be made when the operating clock is changed in active and subactive modes. The transition is
made via the sleep or watch mode, by setting the DTON bit in SY SCR2 to 1 to execute a SLEEP
instruction. After the mode transition, direct transition interrupt exception handling starts.

Note that if adirect transition is attempted while the | bit in CCR is 1, the transition is made to the
sleep or watch mode, though not returning from the mode.

5.3.1 Direct Transition from Active (High-Speed) Mode to Active (Medium-Speed) M ode

When a SLEEP instruction is executed in active (high-speed) mode while the SSBY and L SON
bitsin SYSCR1 are cleared to 0 and the MSON and DTON hitsin SYSCR2 are setto 1, a
transition is made to active (medium-speed) mode via sleep mode.

The time from the start of SLEEP instruction execution to the end of interrupt exception handling
(the direct transition time) is calculated by equation (1).

Direct transition time = { (Number of SLEEP instruction execution states) + (Number of internal
processing states)} x (tcyc before transition) + (Number of interrupt
exception handling execution states) x (tcyc after transition)............ (€]

Example: When ¢osc/8 is selected as the CPU operating clock after the transition
Direct transition time = (2 + 1) x 1tosc + 14 x 8tosc = 115tosc

For the legend of symbols used above, refer to section 21, Electrical Characteristics.
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5.3.2 Direct Transition from Active (High-Speed) M ode to Subactive M ode

When a SLEEP instruction is executed in active (high-speed) mode while the SSBY, TMA3, and
LSON bitsin SYSCR1 are set to 1 and the DTON hit in SYSCR2 is set to 1, atransition is made
to subactive mode via watch mode.

The time from the start of SLEEP instruction execution to the end of interrupt exception handling
(the direct transition time) is calculated by equation (2).

Direct transition time = { (Number of SLEEP instruction execution states) + (Number of internal
processing states)} x (tcyc before transition) + (Number of interrupt
exception handling execution states) x (tsubcyc after transition)........ 2

Example: When ¢w/8 is selected as the subactive operating clock after the transition
Direct transition time = (2 + 1) x 1tosc + 14 x 8tw = 3tosc + 112tw

For the legend of symbols used above, refer to section 21, Electrical Characteristics.

5.3.3 Direct Transition from Active (M edium-Speed) Mode to Active (High-Speed) M ode

When a SLEEP instruction is executed in active (medium-speed) mode while the SSBY and
LSON hitsin SY SCRL1 are cleared to 0, the MSON bit in SYSCR2 is cleared to 0, and the DTON
bit in SYSCR2 isset to 1, atransition is made to active (high-speed) mode via sleep mode.

The time from the start of SLEEP instruction execution to the end of interrupt exception handling
(the direct transition time) is calculated by equation (3).

Direct transition time = { (Number of SLEEP instruction execution states) + (Number of internal
processing states)} x (tcyc before transition) + (Number of interrupt
exception handling execution states) x (tcyc after transition)........... 3

Example: When ¢osc/8 is selected as the CPU operating clock before the transition
Direct transition time = (2 + 1) x 8tosc + 14 x 1tosc = 38tosc

For the legend of symbols used above, refer to section 21, Electrical Characteristics.
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534 Direct Transition from Active (M edium-Speed) M ode to Subactive M ode

When a SLEEP instruction is executed in active (medium-speed) mode while the SSBY, LSON,
and TMA3 hitsin SYSCR1 are set to 1 and the DTON bit in SYSCR2 isset to 1, atransition is
made to subactive mode via watch mode.

The time from the start of SLEEP instruction execution to the end of interrupt exception handling
(the direct transition time) is calculated by equation (4).

Direct transition time = { (Number of SLEEP instruction execution states) + (Number of internal
processing states)} x (tcyc before transition) + (Number of interrupt
exception handling execution states) x (tsubcyc after transition)...... 4)

Example: When ¢osc/8 and ¢w/8 are selected as the CPU operating clock before and after
the transition, respectively

Direct transition time = (2 + 1) x 8tosc + 14 x 8tw = 24tosc + 112tw

For the legend of symbols used above, refer to section 21, Electrical Characteristics.

5.3.5 Direct Transition from Subactive Modeto Active (High-Speed) Mode

When a SLEEP instruction is executed in subactive mode while the SSBY and TMAS3 bitsin
SYSCRI1 are set to 1, the LSON bit in SYSCR1 is cleared to 0, the MSON bit in SYSCR2 is
cleared to O, and the DTON bit in SY SCR2 is set to 1, atransition is made directly to active (high-
speed) mode viawatch mode after the waiting time set in bits STS2 to STS0 in SY SCR1 has
elapsed.

The time from the start of SLEEP instruction execution to the end of interrupt exception handling
(the direct transition time) is calculated by equation (5).

Direct transition time = { (Number of SLEEP instruction execution states) + (Number of internal
processing states)} x (tsubcyc before transition) + (Wait time set in bits

STS2 to STS0) + (Number of interrupt exception handling execution
states) x (tcyc after transition)........c.ccvvveviiiii i 5)

Example: When ¢w/8 is selected as the CPU operating clock after the transition and wait
time = 8192 states

Direct transitiontime = (2 + 1) x 8tw + (8192 + 14) x 1tosc = 24tw + 8206tosc

For the legend of symbols used above, refer to section 21, Electrical Characteristics.
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5.3.6 Direct Transition from Subactive Modeto Active (M edium-Speed) Mode

When a SLEEP instruction is executed in subactive mode while the SSBY and TMA3 bitsin
SYSCR1 are set to 1, the LSON bit in SYSCR1 iscleared to 0, and the MSON and DTON bitsin
SYSCR2 are set to 1, atransition is made directly to active (medium-speed) mode via watch mode
after the waiting time set in bits STS2 to STS0 in SY SCR1 has elapsed.

The time from the start of SLEEP instruction execution to the end of interrupt exception handling
(the direct transition time) is calculated by equation (6).

Direct transition time = { (Number of SLEEP instruction execution states) + (Number of internal
processing states)} x (tsubcyc before transition) + (Wait time set in bits
STS2 to STSO) + (Number of interrupt exception handling execution
states) x (tcyc after transition)........c.ccvevviiie i (6)

Example: When ¢w/8 and ¢posc/8 are selected as the CPU operating clock before and after
the transition, respectively, and wait time = 8192 states

Direct transition time = (2 + 1) x 8tw + 8192 x 1tosc + 14 x 8tosc = 24tw + 8304tosc

For the legend of symbols used above, refer to section 21, Electrical Characteristics.
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5.3.7 Noteson External Input Signal Changes before/after Direct Transition

o Direct transition from active (high-speed) mode to subactive mode
Since the mode transition is performed via watch mode, see section 5.6.2, Notes on External
Input Signal Changes before/after Standby Mode.

o Direct transition from active (medium-speed) mode to subactive mode
Since the mode transition is performed via watch mode, see section 5.6.2, Notes on External
Input Signal Changes before/after Standby Mode.

e Direct transition from subactive mode to active (high-speed) mode
Since the mode transition is performed via watch mode, see section 5.6.2, Notes on External
Input Signal Changes before/after Standby Mode.

e Direct transition from subactive mode to active (medium-speed) mode

Since the mode transition is performed via watch mode, see section 5.6.2, Notes on External
Input Signal Changes before/after Standby Mode.
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54 Module Standby Function

The module-standby function can be set to any peripheral module. In module standby mode, the
clock supply to modules stops to enter the power-down mode. Module standby mode enables each
on-chip peripheral module to enter the standby state by clearing a bit that corresponds to each
modulein CKSTPR1 and CKSTPR2 to 0 and cancels the mode by setting the bit to 1. (See section
5.1.3, Clock Halt Registers 1 and 2 (CKSTPR1 and CKSTPR2).)

55 On-Chip Oscillator and Operation Mode

The on-chip oscillator can be used as the clock source for the watchdog timer (WDT), subclock
generation circuit (¢,, = R,../32), and system clock generation circuit (¢oe. = Roeo)-

When the on-chip oscillator is used as the clock source for the watchdog timer (WDT), it operates
in any modes, such as active, sleep, subactive, subsleep, watch, and standby modes.

When the on-chip oscillator is used as the clock source for the subclock generation circuit, it stops
in standby mode and operates in other modes.

When the on-chip oscillator is used only as the clock source for the system clock generation
circuit, it operatesin active and sleep modes but halts the operation in subactive, subsleep, watch,
and standby modes.

When the on-chip oscillator is not used as the clock source for the watchdog timer (WDT),
subclock generation circuit, or system clock generation circuit, it halts the operation.

The on-chip oscillator operates at areset and after a reset, because the watchdog timer (WDT)
selects the on-chip oscillator as the clock source for the initial value.
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5.6 Usage Notes

56.1 Standby Mode Transition and Pin States

When a SLEEP instruction is executed in active (high-speed) mode or active (medium-speed)
mode while the SSBY and TMA3 bitsin SY SCR1 and the LSON bit in SY SCR1 are cleared to O,
atransition is made to standby mode. At the same time, pins go to the high-impedance state
(except pins for which the pull-up MOS is designated as on). Figure 5.2 shows the timing in this
case.

‘ [ A O O O
Internal data bus XSLEEP instruction fetchX Next instruction fetch X !
Internal
SLEEP instruction execution  processing
<—><—g>.

Pins Port output X High-impedance

Active (high-speed) mode or active (medium-speed) mode E Standby mode

>
o

i\

Figure5.2 Standby Mode Transition and Pin States

5.6.2 Noteson External Input Signal Changes befor e/after Standby M ode

(1) When External Input Signal Changes befor e/after Standby Mode or Watch Mode

When an external input signal such as NMI, IRQO, IRQ1, or IRQAEC isinput, both the high- and
low-level widths of the signal must be at least two cycles of system clock ¢ or subclock ¢,
(referred to together in this section as the internal clock). Astheinternal clock stopsin standby
mode and watch mode, the width of external input signals requires careful attention when a
transition is made via these operating modes. Ensure that external input signals conform to the
conditions stated in (3), Recommended Timing of External Input Signals, below.
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(2) When External Input Signals cannot be Captured because I nternal Clock Stops
The case of falling edge captureis shown in figure 5.3.

As shown in the case marked " Capture not possible," when an external input signal falls
immediately after atransition to active mode or subactive mode, after oscillation is started by an
interrupt viaa different signal, the external input signal cannot be captured if the high-level width
at that point isless than 2 teyc Or 2 tsubeye.

(3) Recommended Timing of External Input Signals

To ensure dependable capture of an external input signal, high- and low-level signal widths of at
least 2 weyc OF 2 subeyc @re necessary before atransition is made to standby mode or watch mode, as
shown in "Capture possible: case 1."

External input signal capture is aso possible with the timing shown in " Capture possible: case 2"
and "Capture possible: case 3," in which a2 «ycor 2 sy level width is secured.

Active (high-speed, medium-speed) Standby mode or ?I/?Iae;:'g;or 0SC°| Active (high-speed, medium-speed)
Operating mode mode or subactive mode watch mode - mode or subactive mode
stabilization
teyc 1 teye ' teyc ' 1 teye
\ tsubcyc | tsubcyc | tsubcyc ' » tsubcyc |
- > > 0 0 > >
¢ or gSUB ] 1 L : N I I I
1 1 1 ' '
External input signal . ' ! ! ' ! '
' '
Capture possible: case 1 | ! ! ! ! ! | ! !
Capture possible: case 2 ' I ' ' ' j j | 1
' ' ' ' '
' '
Capture possible: case 3 | | ' ' ' ' '
. — | | | L
Capture not possible \ . | ! ' ' I ! '

Interrupt by different signal

Figure5.3 External Input Signal Capturewhen Signal Changes
befor e/after Standby Mode or Watch Maode

(4) Input Pinsto which these Notes Apply

NMI, IRQO, IRQT, IRQAEC, and ADTRG
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Section6 ROM

The features of the 16-Kbyte flash memory built into the flash memory (F-ZTAT) version are
summarized below.

e Programming/erasing methods
The flash memory is programmed 128 bytes at atime. Erasure is performed in single-block
units. The flash memory is configured as follows: 1 Kbyte x 4 blocks and 12 Kbytes x 1 block.
To erase the entire flash memory, each block must be erased in turn.

e On-board programming
On-board programming/erasure can be done in boot mode, in which the boot program built
into this LSl is started to erase or program of the entire flash memory. In normal user program
mode, individual blocks can be erased or programmed.

e Automatic bit rate adjustment

For data transfer in boot mode, this LSI's bit rate can be automatically adjusted to match the
transfer bit rate of the host.

e Programming/erasing protection
Sets software protection against flash memory programming/erasure.
e Power-down mode

Operation of the power supply circuit can be partly halted in subactive mode. As aresult, flash
memory can be read with low power consumption.

e Module standby mode

Use of module standby mode enabl es this module to be placed in standby mode independently
when not used. (For details, refer to section 5.4, Module Standby Function.) However, when
using the on-chip emulator debugger, set the FROMCKSTP bit in clock halt register 1 to 1.

Note: The system clock oscillator must be used when programming or erasing the flash memory.
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6.1 Block Configuration

Figure 6.1 shows the block configuration of flash memory. The thick linesindicate erasing a
block, the narrow lines indicate programming units, and the values are addresses. The 16-Kbyte
flash memory is divided into 1 Kbyte x 4 blocks and 12 Kbytes x 1 block. Erasure 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.

H0000 ! HO0001 ' HO0002 ! - Programming unit: 128 bytes = | HO007F
Erasingunit| H'0080 | H0081 | H0082 | . H'0OOFF
1 Kbyte ] ] ] :

H0380 ' HO0381 ! HO0382 ! ' HO3FF

H0400 | HO0401 ! HO402 | - Programming unit: 128 bytes = | HO047F
Erasing unit H'0480 | H'0481 | H'0482 . H'O4FF
1 Kbyte ] ] ] :

H0780 ' HO781 ! HO0782 ! ' HO7FF

H'0800 ; H0801 ; H'0802 ; - Programming unit: 128 bytes = | H'087F
Erasingunit| H0880 ! H0881 ' H0882 ! ! HO8FF
1 Kbyte : : : :

HOB8O @ HOB81 : HOBS2 ! ! HOBFF

H'0C00 ! HOCO1 ' HOC02 ! —e—Programming unit: 128 bytes = ' HOC7F
Erasing unit | HO0C80 ! HO0C81 ! HOCS2 ! ! HOCFF
1 Kbyte | | 1 1

HOF80 @ HOF81 @ HOF82 ! | HOFFF

H1000 ! H1001 ' H1002 ! — Programming unit: 128 bytes == ' H107F
Erasing unit H'1080 ; H'1081 , H'1082 . H10FF
12 Kbytes ] ] ] :

H'3F80 | H3F81 | H3F82 | | H3FFF

Figure6.1 Flash Memory Block Configuration
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6.2 Register Descriptions

The flash memory has the following registers.

e Flash memory control register 1 (FLMCR1)
¢ Flash memory control register 2 (FLMCR2)

e Eraseblock register 1 (EBR1)

¢ Flash memory power control register (FLPWCR)
e Flash memory enable register (FENR)

6.2.1 Flash Memory Control Register 1 (FLMCR1)

FLMCRL is aregister that makes the flash memory enter the programming mode, programming-
verifying mode, erasing mode, or erasing-verifying mode. For details on register setting, refer to
section 6.4, Flash Memory Programming/Erasure.

Initial

Bit Bit Name Value R/W Description

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

6 SWE 0 R/W Software Write Enable
When this bit is set to 1, flash memory
programming/erasure is enabled. When this bit is cleared
to 0, other FLMCR1 register bits and all EBR1 bits cannot
be set.

5 ESU 0 R/W Erase Setup
When this bit is set to 1, the flash memory enters to the
erasure setup state. When it is cleared to 0, the erasure
setup state is released. Set this bit to 1 before setting the
E bit in FLMCR1 to 1.

4 PSU 0 R/W Program Setup

When this bit is set to 1, the flash memory enters to the
programming setup state. When it is cleared to 0, the
programming setup state is released. Set this bit to 1
before setting the P bit in FLMCR1 to 1.
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Initial
Bit Bit Name Value R/W Description
3 EV 0 R/W Erase-Verify

When this bit is set to 1, the flash memory enters to
erasing-verifying mode. When it is cleared to 0, erasing-
verifying mode is released.

2 PV 0 R/W Program-Verify

When this bit is set to 1, the flash memory enters the
programming-verifying mode. When it is cleared to O,
programming-verifying mode is released.

1 E 0 R/W Erase

When this bit is set to 1 while SWE=1 and ESU=1, the
flash memory enters the erasing mode. When it is cleared
to 0, the erasing mode is released.

0 P 0 R/W Program

When this bit is set to 1 while SWE=1 and PSU=1, the
flash memory enters the programming mode. When it is
cleared to 0, the programming mode is released.

6.2.2 Flash Memory Control Register 2 (FLMCR?2)

FLMCR2 is aregister that indicates the state of flash memory programming/erasure. FLMCR2 isa
read-only register, and should not be written to.

Initial
Bit Bit Name Value R/W Description
7 FLER 0 R Flash Memory Error

Indicates that an error has occurred during programming
or erasing flash memory. When this bit is set to 1, flash
memory enters the error-protection state.

See section 6.5.3, Error Protection, for details.
6to0 — AllO — Reserved
These bits are always read as 0.
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6.2.3 Erase Block Register 1 (EBR1)

EBR1 specifies the erase block of flash memory. EBR1 isinitialized to H'00 when the SWE bit in
FLMCRL1is0. Do not set more than one hit at atime, as thiswill cause all the bitsin EBR1 to be
automatically cleared to 0.

Initial

Bit Bit Name Value R/W Description

7t05 — All O — Reserved
Although these bits are readable/writable, only 0 should
be written to.

4 EB4 0 R/W When this bit is set to 1, a12-Kbyte area of H'1000 to
H'3FFF will be erased.

3 EB3 0 R/W When this bit is set to 1, a 1-Kbyte area of H'0C00 to
H'OFFF will be erased.

2 EB2 0 R/W When this bit is set to 1, a 1-Kbyte area of H'0800 to
H'OBFF will be erased.

1 EB1 0 R/W When this bit is set to 1, a 1-Kbyte area of H'0400 to
H'07FF will be erased.

0 EBO 0 R/W When this bit is set to 1, a 1-Kbyte area of H'0000 to

H'03FF will be erased.

6.24 Flash Memory Power Control Register (FLPWCR)

FLPWCR enables or disables atransition to the flash memory power-down mode when thisL S
enters the subactive mode. There are two modes: mode in which operation of the power supply
circuit of flash memory is partly halted in power-down mode and flash memory can be read, and
mode in which even if atransition is made to subactive mode, operation of the power supply
circuit of flash memory is retained and flash memory can be read.

Initial

Bit Bit Name Value R/W Description

7 PDWND 0 R/W Power-Down Disable
When this bit is 0 and a transition is made to subactive
mode, the flash memory enters the power-down mode.
When this bit is 1, the flash memory remains in the
normal mode even after a transition is made to subactive
mode.

6to0 — AllO — Reserved

These bits are always read as 0.
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6.2.5 Flash Memory Enable Register (FENR)

Bit 7 (FLSHE) in FENR enables or disables the CPU access to the flash memory control registers,
FLMCR1, FLMCR2, EBR1, and FLPWCR.

Initial
Bit Bit Name Value R/W Description
7 FLSHE 0 R/W Flash Memory Control Register Enable

Flash memory control registers can be accessed when
this bit is set to 1. Flash memory control registers cannot
be accessed when this bit is set to 0.

6to0 — AllO — Reserved
These bits are always read as 0.

6.3 On-Board Programming Modes

The available mode for programming/erasing of the flash memory is boot mode, which enables
on-board programming/erasure. On-board programming/erasure can also be performed in user
program mode. When this LS| starts after releasing the reset state, it enters a mode depending on
the signal levels on the TEST, NMI , and E7_0 pins, as shown in table 6.1. The input level of each
pin must be stable four states before the reset ends.

When entering the boot mode, the boot program built into this LSl 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 initializing flash memory mounted on the user board or for aforcible
recovery if flash memory cannot be programmed or erased in user program mode. In user program
mode, individual blocks can be erased and programmed by branching to the user
programming/erasing control program prepared by the user.

Table6.1  Setting Programming M odes

TEST NMI E7 0 LSI State after Reset Released
0 1 X User Mode

0 0 1 Boot Mode

[Legend]

x: Don’t care.
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6.3.1 Boot Mode

Table 6.2 shows the boot mode operations between areset released and a branch to the
programming control program.

This LSl includes a system clock oscillator which is operated by a resonator or an external clock
and on-chip oscillator.

In Boot Mode, since the system clock oscillator is selected, connect a resonator to OSC1 and
OSC2, or an external clock signal to OSC1.

1.

When the 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 6.4, Flash Memory Programming/Erasure.

SCI3is set to the asynchronous mode, and the transfer format as follows: 8-bit data, 1 stop bit,
and no parity. The inversion function of the TXD and RXD pins by SPCR is set to “Not to be
inverted,” so do not put inverters between the host and thisL Sl.

When the boot program isinitiated, this LSl measures the low-level period of serial
communication data (H'00) continuously transmitted in asynchronous mode from the host.
This LSl then calculates the bit rate of the transfer from the host, and adjusts the SCI3 hit rate
to match that of the host. The reset signal should be negated while the RXD pin isdriven high.
The RXD and TXD pins should be pulled up on the board if necessary. After the reset signal is
negated, it takes approximately 100 states before thisL Sl is ready to measure the low-level
period.

After matching the bit rates, SCI3 transmits one byte of H'00 to the host to indicate the
completion of bit rate adjustment. The host should confirm that it has received this adjustment
end code (H'00) normally and then transmit one byte of H'55 to thisLSl. If reception could not
be performed normally, initiate the boot mode again by areset. Depending on the host's
transfer bit rate and system clock frequency of this LS, there will be a discrepancy between
the hit rates of the host and this LSI. To operate the SCI properly, set the host's transfer bit rate
and system clock frequency of this LSl within the ranges listed in table 6.3.

In boot mode, a part of the on-chip RAM areaiis used by the boot program. The programming
control program transmitted from the host can be stored in the area from H'FB80 to H'FF7F.
The boot program area cannot be used until control of the execution is switched from the boot
program to the programming control program.
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6. Before branching to the programming control program, this LS| terminates transfer operations
by SCI3 (by clearing the RE and TE bitsin SCR3 to 0), however the adjusted hit rate value
remains set in BRR. Therefore, the programming control program can still useit for
transferring program data or verify datato the host. The TXD pinisdriven high (PCR32 =1,
P32 = 1). The contents of the CPU general registers are undefined immediately after branching
to the programming control program. These registers must beinitialized at the beginning of the
programming control program because the stack pointer (SP), in particular, is used implicitly
in subroutine calls, etc.

7. The boot mode can be released by areset. Hold the reset signal low at least 20 states and then
set the NMI pin before negating the reset signal. The boot mode is al'so released when aWDT
overflow occurs.

8. Do not change the TEST pin and NMI pin input levels in boot mode.
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Table6.2 Boot Mode Operation

£ Host Operation Communication LSI Operation
Q
= Processing Contents Contents Processing Contents
.é Branches to boot program after releasing
©
= reset state.
©
©
g Boot program initiation
IS}
o
8 |
Continuously transmits data H'00 H'00, H'00 - - - H'00 Y . .
i ’ > oM low-level f
= at specified bit rate. easures low-level period of receive data
g H'00.
5  Calculates bit rate and sets BRR in SCI3.
=3 \ . ) . )
T | Transmits data H'55 when data H00 H'00 Transmits data H'00 to host as adjustment
k) is received error-free. end code.
©
@ H'55 » H'55 reception.
i v
[2]
o
o HFF
> Boot program - Checks flash memory data, erases all flash
g v erase error memory blocks when data has been written
@ to and then transmits data H'AA to host.
€ HAA (If erasure fails, transmits data of H'FF to
§ H'AA reception = host and aborts operation.)
[
+ Low-order byte *
high- t
o | Transmits number of bytes (N) of and s hordeLby £ > Echobacks the 2-byte data
£ | programming control program to be e chobacf received to host.
g transferred as 2-byte data
© | (lower byte following upper byte)
e
28
25
B HXX Echobacks received data to host and also
o _g' Transmits 1-byte of programming Echoback > transfers it to RAM.
2 =| control program (repeated for N times) (repeated for N times)
g5
o l
! H'AA ) )
H'AA reception Transmits data H'AA to host.
Al
Branches to programming control program
transferred to on-chip RAM and starts
execution.
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Table6.3 System Clock Frequenciesfor which Automatic Adjustment of L S| Bit Rateis

Possible
Host Bit Rate System Clock Frequency Range of LSI
9,600 bps 81to 10 MHz
4,800 bps 410 10 MHz
2,400 bps 210 10 MHz

6.3.2 Programming/Erasurein 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 programming/erasing control program. The user must
prepare the settings for branching to the user programming/erasing control program and means to
transfer programming data for on-board programming. The flash memory must contain the user
programming/erasing control program or a program that transfer the user programming/erasing
control program from external memory. Since the flash memory cannot be read during
programming/erasure, transfer the user programming/erasing control program to on-chip RAM, as
in boot mode. Figure 6.2 shows a sample procedure for programming/erasure in user program
mode. Prepare a user programming/erasing control program in accordance with the description in
section 6.4, Flash Memory Programming/Erasure.

The system clock oscillator must be used when programming or erasing the flash memory.

| Starting after releasing reset state |

Programming or erasure?

Yes

\

Transfer user programming/erasing | Branch to flash memory application program
control program to RAM

v

Branch to user programming/erasing
control program in RAM

Y

Execute user programming/erasing control
program (flash memory programmed)

Branch to flash memory application program

Figure6.2 Programming/Erasing Flowchart Examplein User Program Mode
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6.4 Flash Memory Programming/Erasure

A software method using the CPU is employed to program and erase flash memory in the on-
board programming modes. Depending on the FLMCRL setting, the flash memory operatesin one
of the following four modes: Programming mode, programming-verifying mode, erasing mode,
and erasing-verifying mode. The programming control program in boot mode and the user
programming/erasing control program in user program maode use these operating modesin
combination to perform programming/erasure. Flash memory programming and erasing should be
performed in accordance with the descriptions in section 6.4.1, Programming/Programming-
Verifying and section 6.4.2, Erasing/Erasing-V erifying, respectively.

64.1 Programming/Programming-Verifying

When writing data or programs to the flash memory, the programming/programming-verifying
flowchart shown in figure 6.3 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 performed on an erased area. Do not reprogram an address to which
data has already been programmed.

2. Programming should be carried out 128 bytes at atime. A 128-byte data transfer must be
performed even if programming fewer than 128 bytes. In this case, the remaining area must be
filled with H'FF.

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 according to table 6.4, and additional programming data
computation according to table 6.5.

4. Consecutively transfer 128 bytes of datain bytes from the reprogramming data area or
additional-programming data area to the flash memory. The programming address and 128-
byte data are latched in the flash memory. The lower eight 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. Table 6.6 shows the
allowable programming times.

6. Thewatchdog timer (WDT) is set to prevent overprogramming due to program runaway, etc.
An overflow cycle of approximately 6.6 msisallowed.

7. For adummy write to a verifying address, write 1-byte of data H'FF to an address whose lower
two bits are B'00. Verifying data can be read in words or in longwords from the address to
which adummy write was performed.
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8. The maximum number of repetitions of the programming/programming-verifying sequence of
the same bit is 1,000.

Write pulse application subroutine
Apply Write Pulse START

| [ Set SWE bit to 1 |

[ Enable WDT
1

]
[ Wait 1 ps |

[ Set PSU bit to 1 |

Store 128-byte programming data in programming

[ Wait 50 s | data area and data area

T [}

=1
[ Set P bitto 1 | I 5 |
[ m =0 ]

[ Wait (Wait time = programming time) | T

] Write 128-byte reprogramming data in RAM
| Clear P bit to 0 | consecutively to flash memory

1
[ Wait 5 s | I Apply Write pulse ||

[ Clear PSU bitto 0 ] [ Set PV bit to 1 ]

]
[ Wait‘5 us | [ Wa|t'4 us ]
_ ] Set block start address as |
[ Disable WDT ] verlfylngladdress -
[Dummy write H'FF'to verifying address |

[ Wait 2 s | )*
i
J

[ Read verifying data

Increment address

No

| Additional-programming data computation |
e —

| Reprogramming data computation |

[ Clear PV bit to 0 |
I}
[ Wait 2 ps

Write 128-byte additional-programming data
in RAM to flash memory
Ub-Routine-Cal
Il Apply Write Pulse |

es [s]
[ Clear SWE bit to 0 | [ Clear SWE bit to 0 |

[ Wait 100 us | [ Wait 100 us |
i
End of programming Programming failure

Note: * The RTS instruction must not be used during the following periods.
1. A period from programming 128-byte data to flash memory until clearing the P bit
2. A period from dummy-writing of H'FF to a verifying address until reading verifying data

Figure6.3 Program/Program-Verify Flowchart
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Table6.4 Reprogramming Data Computation Table

Programming Data Verifying Data Reprogramming Data Comments

0 0 1 Programming completed
0 1 0 Needs to be programmed
1 0 1 —

1 1 1 Remains in erased state

Table6.5 Additional-Program Data Computation Table

Additional-Program

Reprogram Data Verify Data Data Comments

0 0 0 Needs to be programmed
additionally

0 1 1 No additional programming

1 0 1 No additional programming

1 1 1 No additional programming

Table6.6 Programming Time

n (Programming Programming Additional

Count) Time Programming Time Comments
1 to 6 times 30 us 10 us

7 to 1,000 times 200 ps —

Note: Time shown in ps.
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6.4.2 Erasing/Erasing-Verifying

When erasing flash memory, the erasing/erasing-verifying flowchart shown in figure 6.4 should be
followed.

1
2.

Prewriting (setting erase block datato all 0s) is hot necessary.

Erasure is performed in block units. Select a single block to be erased through erase block
register 1 (EBR1). To erase multiple blocks, each block must be erased in turn.

The time during which the E bit is set to 1 is the flash memory erasing time.

The watchdog timer (WDT) is set to prevent the flash memory overerasing due to program
crush, etc. An overflow cycle of approximately 19.8 msis adequate.

For writing dummy data to a verifying address, write one byte of data H'FF to an address
whose lower two bits are B'00. Verifying data can be read in longwords from the address to
which adummy datais written.

If theread datais not erased successfully, set erasing mode again, and repeat the
erasing/erasing-verifying sequence as before. The maximum number of repetitions of the
erase/erase-verify sequenceis 100.

6.4.3 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 executed for the following three reasons.

1

An interrupt during programming/erasure may cause a violation of the programming or erasing
algorithm, with the result that normal operation cannot be assured.

If interrupt exception handling starts before programming the vector address or during
programming/erasure, a correct vector cannot be fetched and the CPU malfunctions.

If an interrupt occurs during boot program execution, normal boot mode sequence cannot be
carried out.
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| Set SWE bit to 1 |
1

| Wait 1 pis |
|
1

| n=1 ]
1

[ Set EBR1 ]
1.
X

| Enable WDT. |
1

l Set ESU bit to 1 |
1

Wait 100 us

1

Set E bit to 1
L]

Clear E bit to 0
)

| ]

| ]

| Wait 10 ms |
1

| ]

| ]

Wait 10 us
1
| Clear ESU bit to 0 |
[
| Wait 10 us |
1
| Dmf WDT |
| Set EV bit to 1 |
1
| Wait 20 us |

1
|Set block start address to verifying addressl
1

| Dummy write H'FF to verifying address |
| Wait 2 us | )*
|

| Read verifying data |

No

Verifying data = all 1s ?

No

Last address of block ?

| Clear EV bit to 0 ] | Clear EV bit to 0 ]
1 1
| Wait 4 uis | | Wait 4us |
No Yes
All erase block erased ?
No
| Clear SWE bit to 0 | | Clear SWE bit to 0 |
1 1
| Wait 100 us | [ Wait 100 us |

End of erasing

Note: *The RTS instruction must not be used during a period from dummy-writing of H'FF to a verifying address until reading verifying data

Figure6.4 Erase/lErase-Verify Flowchart
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6.5 Programming/Erasing Protection

There are three types of flash memory programming/erasing protection; hardware protection,
software protection, and error protection.

6.5.1 Har dwar e Protection

Hardware protection refers to a state in which programming/erasing of flash memory isforcibly
disabled or aborted because of atransition to the reset state, subactive mode, subsleep mode,
watch mode, or standby mode. Flash memory control register 1 (FLMCRLY), flash memory control
register 2 (FLMCR?2), and erase block register 1 (EBR1) are initialized. For areset by the RES
pin, the reset state is entered when the RES signal is held low until oscillation stabilizes after
switching on. For areset during operation, hold the RES signal low for the RES pulse width
specified in the AC Characteristics section.

6.5.2 Softwar e Protection

Software protection can protect programming/erasing of all flash memory blocks by clearing the
SWE bit in FLMCR1. When software protection is enabled, setting the P or E bit in FLMCR1
does not cause atransition to programming mode or erasing mode. By setting the erase block
register 1 (EBR1), erasing protection can be set for individual blocks. When EBR1 is set to H'00,
erasing protection is set for all blocks.

6.5.3 Error Protection

Error protection is a state in which programming/erasure is forcibly aborted when an error is
detected because CPU crush occurs during flash memory programming/erasure, or operation is not
performed in accordance with the programming/erasing algorithm. Aborting programming/erasure
prevents damage to the flash memory due to overprogramming or overerasing.

When the following errors are detected during programming/erasing of flash memory, the FLER
bitin FLMCR2 is set to 1, and the error protection state is entered.

e When the flash memory address being programmed or erased isread (including vector read
and instruction fetch)

e Exception handling excluding areset is started during programming/erasure
e When the SLEEP instruction is executed during programming/erasure
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The FLMCRL1, FLMCR2, and EBRL settings are retained, however programming mode or erasing
mode is aborted when the error occurred. Programming mode or erasing mode cannot be re-
entered by re-setting the P or E hit. However, settings of the PV and EV bits are retained, and a
transition can be made to the verifying mode. The error protection state can be cleared only by a
reset.

6.6 Power-Down Statesfor Flash Memory
In user mode, the flash memory will operatein either of the following states:

¢ Normal operating mode
The flash memory can be read at high speed.
e Power-down operating mode
The power supply circuit of flash memory can be partly halted. As aresult, flash memory can
be read with low power consumption.
e Standby mode
All flash memory circuits are halted.

Table 6.7 shows the correspondence between the operating modes of this LS| and the flash
memory. In subactive mode, the flash memory can be set to operate in power-down mode with the
PDWND bit in FLPWCR. When the flash memory returns to its normal operating state from the
power-down mode or standby mode, a period to stabilize operation of the power supply circuits
that were stopped is needed. When the flash memory returnsto its normal operating state, bits
STS2to STSO in SY SCR1 must be set to provide await time of at least 20 ps, even when the
external clock is being used.

Table6.7 Flash Memory Operating States

Flash Memory Operating State

LSI Operating State PDWND = 0 (Initial Value) PDWND =1

Active mode Normal operating mode Normal operating mode
Subactive mode Power-down mode Normal operating mode
Sleep mode Normal operating mode Normal operating mode
Subsleep mode Standby mode Standby mode

Watch mode Standby mode Standby mode

Standby mode Standby mode Standby mode
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6.7 Notes on Setting Module Standby M ode

When the flash memory is set to enter the module standby mode, the system clock supply is
stopped to the module, the function is stopped, and the state is the same as that in standby mode.
Also programming is stopped in the flash memory. Therefore operation program should be
transferred to the RAM and the program should run in the RAM. Then the flash memory should
be set to enter the module standby mode.

If aninterrupt is generated in module standby mode, the vector address cannot be fetched. Asa
result, the program may run away.

Before the flash memory is set to enter module standby mode, the corresponding bit in the
interrupt enable register should be cleared to 0 and the | bit in CCR should be set to 1. Then after
the flash memory enters the module standby mode, the NMI interrupt request should not be
generated.

Transfer execution program
to RAM (user area)

Clear corresponding bit in
interrupt enable register to 0

|
Set | bitin CCR to 1
|

Jump to address of
execution program in RAM

Clear FROMCKSTP
bit in CRSTPR1 to 0

Figure6.5 Module Standby Mode Setting
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Section7 RAM

This LSI has an on-chip high-speed static RAM. The RAM is connected to the CPU by a 16-bit
data bus, enabling two-state access by the CPU to both byte data and word data.

Product Classification RAM Size RAM Address

Flash memory version H8/38602RF 1 Kbyte H'FB80 to H'FF7F

Masked ROM version H8/38602R 1 Kbyte H'FB80 to H'FF7F
H8/38600R 512 bytes H'FD80 to H'FF7F
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Section 8 /O Ports

The H8/38602R Group has 13 general 1/0 ports and six general input-only ports. Port 8 isalarge
current port, which can drive 15 mA (@V, = 1.0 V) when alow level signal is output. Any of
these ports can become an input port immediately after areset. They can also be used as /0O pins
of the on-chip peripheral modules or external interrupt input pins, and these functions can be
switched depending on the register settings. The registers for selecting these functions can be
divided into two types: those included in 1/O ports and those included in each on-chip peripheral
module. General /O ports are comprised of the port control register for controlling inputs/outputs
and the port data register for storing output data and can select inputs/outputs in bit units.

For details on the execution of bit manipulation instructions to the port data register (PDR), see
section 2.8.3, Bit-Manipulation Instruction.

For details on block diagrams for each port, see appendix B.1, 1/O Port Block Diagrams.

8.1 Port 1

Port 1isan I/O port also functioning as an asynchronous event counter input pin, timer W /O pin,
RTC output pin, CLKOUT output pin, and interrupt input pin. Figure 8.1 showsits pin
configuration.

[<—> P12/IRQAEC/AECPWM

~<—> P11/AEVL/FTCI (/IRQ1)
[~<— P10/AEVH/FTIOA/TMOW/CLKOUT

Port 1

Figure8.1 Port 1 Pin Configuration
Port 1 has the following registers.

e Port dataregister 1 (PDR1)

o Port control register 1 (PCR1)

e Port pull-up control register 1 (PUCR1)
e Port mode register 1 (PMR1)
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8.1.1 Port Data Register 1 (PDR1)

PDR1 is aregister that stores data of port 1.

Initial
Bit Bit Name Value R/W Description
7t03 — — — Reserved
The read value is undefined. These bits cannot be
modified.
2 P12 0 R/W If port 1 is read while PCR1 bits are set to 1, the values
P11 0 R/W stored in PDR1 are read, regardless of the actual pin
states. If port 1 is read while PCR1 bits are cleared to 0,
0 P10 0 R/W

the pin states are read.

8.1.2 Port Control Register 1 (PCR1)

PCRL1 selects inputs/outputs in bit units for pins to be used as general 1/O ports of port 1.

Initial
Bit Bit Name Value R/W Description
7t03 — — — Reserved
The read value is undefined. These bits cannot be
modified.
2 PCR12 0 W Setting a PCR1 bit to 1 makes the corresponding pin
PCR11 0 W (P12 to P10) an output pin, while clearing the bit to 0
makes the pin an input pin. The settings in PCR1 and in
0 PCR10 0 w

PDR1 are valid when the corresponding pin is
designated as a general 1/O pin.

PCR3 is a write-only register. The read value is
undefined.
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8.1.3 Port Pull-Up Control Register 1 (PUCR1)

PUCRL1 controls the pull-up MOS of the port 1 pinsin bit units.

Initial
Bit Bit Name Value R/W Description
7t03 — — — Reserved
The read value is undefined. These bits cannot be
modified.
2 PUCR12 0 R/W When a PCRH1 bit is cleared to 0, setting the
1 PUCR11 0 R/W corresponding PUCR1 bit to 1 turns on the pull-up MOS
0 PUCR10 0 R/W for the corresponding pin, while clearing the bit to 0

turns off the pull-up MOS.

814 Port Mode Register 1 (PMR1)

PMR1 controls the selection of functions for port 1 pins.

Initial
Bit Bit Name Value R/W Description
7,6 — — — Reserved
The read value is undefined. These bits cannot be
modified.
5 IRQAEC 0 R/W P12/IRQAEC/AECPWM Pin Function Switch
0: P12 1/0 pin
1: IRQAEC input pin or AECPWM output pin
FTCI* 0 R/W P11/AEVL/FTCI/IRQT Pin Function Switch
AEVL* 0 R/W 00: P11 I/O pin

01: AEVL input pin
1x: FTCl input pin
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Initial
Bit Bit Name Value R/W Description
2 CLKOUT © R/W P10/AEVH/FTIOA/TMOW/CLKOUT Pin Function
TMOW 0 rw  Switch
0 AEVH 0 R/W 000: P10 I/O pin and FTIOA 1/O pin

001: AEVH input pin

01x: TMOW pin

100: CLKOUT output pin (¢ye.)
101: CLKOUT output pin (¢,s/2)
110: CLKOUT output pin (¢,s/4)
111: Setting prohibited

[Legend] x: Don't care.
Note: * When the IRQ1S1 and IRQ1S0 bits in PFCR are set to B'10, the pin function becomes
the IRQ1 input pin regardless of the setting of these bits.

8.1.5 Pin Functions
The relationship between the register settings and the port functionsis shown below.

o P12/IRQAEC/AECPWM pin

Register Name PMR1 AEGSR PCR1 Pin Function
Bit Name IRQAEC ECPWME PCR12
Setting 0 X 0 P12 input pin
1 P12 output pin
1 1 X AECPWM output pin
0 X IRQAEC input pin

[Legend] x: Don't care.
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e PLUAEVL/FTCI (/IRQI) pin

Register Name PFCR PMR1 PCR1 Pin Function
Bit Name IRQ1S1 and FTCI | AEVL PCR11
IRQ1S0
Setting Other than 0 0 0 P11 input pin
B10 1 P11 output pin
1 X AEVL input pin
1 X X FTCI input pin
B'10 X X X IRQ1 input pin

[Legend] x: Don't care.

e P10/AEVH/FTIOA/TMOW/CLKOUT pin

Register Name PMR1 TIORO PCR1 |Pin Function
Bit Name CLKOUT | TMOW |AEVH|IOA2 | IOA1|IOA0 |PCR10
Setting 0 0 0 0 0 0 0 P10 input pin
1 P10 output pin
1 X FTIOA output pin
1 0 X FTIOA output pin
1 X X 0 P10 input/FTIOA input pin
1 X X 1 P10 output/FTIOA input pin

1 X X X X |AEVH input pin
1 X X X X x  |TMOW pin
1 0 0 X X X X CLKOUT output pin (¢.¢.)*
1 X X X X |CLKOUT output pin (¢,/2)*
1 0 X X X X CLKOUT output pin (¢,../4)*

[Legend] x: Don't care.

Note: * Switching the clock (¢oec: Posc/2, OF dos/4) for CLKOUT output must be performed when
CLKOUT output is halted (CLKOUT = 0).
When making a transition to a power-down mode wherein the system clock oscillator is
halted, the output level is retained. (In standby mode, output is the high-impedance
state.)
When making a transition from a power-down mode wherein the system clock oscillator
is halted, to the active mode wherein the system clock oscillator operates, halt CLKOUT
output (CLKOUT = 0) before the transition.
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8.1.6 Input Pull-Up MOS

Port 1 has an on-chip input pull-up MOS function that can be controlled by software. When a
PCRL1 hit is cleared to 0, setting the corresponding PUCR1 hit to 1 turns on the input pull-up MOS
for that pin. The input pull-up MOS function isin the off state after areset.

(n=2100)
PCR1n 0 !
PUCR1n 0 1 X
Input Pull-Up MOS Off On Off

[Legend] x: Don't care.

8.2 Port 3

Port 3isan I/O port also functioning as an SCI3/IrDA 1/O pin, comparator reference voltage pin
and interrupt pin. Figure 8.2 shows its pin configuration.

l«—» P32/TXD3/IrTXD
<«— P31/RXD3/IrRXD

[~<—> P30/SCK3/VCref (/IRQO)

Port 3

Figure8.2 Port 3 Pin Configuration
Port 3 has the following registers.

e Port dataregister 3 (PDR3)

o Port control register 3 (PCR3)

e Port pull-up control register 3 (PUCR3)
o Port mode register 3 (PMR3)
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8.2.1 Port Data Register 3 (PDR3)

PDR3 is aregister that stores data of port 3.

Initial
Bit Bit Name Value R/W Description
7t03 — — — Reserved
The read value is undefined. These bits cannot be
modified.
2 P32 0 R/W If port 3 is read while PCR3 bits are set to 1, the values
1 P31 0 R/W stored in PDRS3 are read, regardless of the actual pin
states. If port 3 is read while PCRS3 bits are cleared to 0,
0 P30 0 R/W

the pin states are read.

8.22 Port Control Register 3 (PCR3)

PCRS3 selects inputs/outputs in bit units for pins to be used as general 1/O ports of port 3.

Initial
Bit Bit Name Value R/W Description
7t03 — — — Reserved
The read value is undefined. These bits cannot be
modified.
2 PCR32 0 W Setting a PCR3 bit to 1 makes the corresponding pin
1 PCR31 0 W (P32 to P30) an output pin, while clearing the bit to 0
makes the pin an input pin. The settings in PCR3 and in
0 PCR30 0 w

PDRS3 are valid when the corresponding pin is
designated as a general 1/O pin.

PCR3 is a write-only register. The read value is
undefined.
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8.23  Port Pull-Up Control Register 3 (PUCR3)

PUCR3 controls the pull-up MOS of the port 3 pinsin bit units.

Initial

Bit Bit Name Value R/W Description

7103 — — — Reserved
The read value is undefined. These bits cannot be
modified.

2 PUCR32 0 R/W When a PCR3 bit is cleared to 0, setting the

PUCR31 0 R/W corresponding PUCRS3 bit to 1 turns on the pull-up MOS

for the corresponding pin, while clearing the bit to 0

0 PUCR30 0 R/W turns off the pull-up MOS.

824 Port Mode Register 3 (PMR3)

PMR3 controls the selection of functions for port 3 pins.

Initial
Bit Bit Name Value R/W Description
7to1 — — — Reserved
The read value is undefined. These bits cannot be
modified.
0 VCref 0 R/W P30/SCK3/VCref Pin Function Switch

0: P30 and SCK3 I/O pin

1: Comparator reference voltage (VCref) pin
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8.25  Pin Functions
The relationship between the register settings and the port functions is shown below.

o P32/TXD3/IrTXD pin

Register Name SPCR IrCR PCR3 Pin Function
Bit Name SPC3 IrE PCR32
Setting 0 X 0 P32 input pin
1 P32 output pin
1 0 X TXD3 output pin
1 X IrTXD output pin

[Legend] x: Don't care.

o P3URXD3/IrRXD pin

Register Name SCR3 IrCR PCR3 Pin Function
Bit Name RE IrE PCR31
Setting 0 X 0 P31 input pin
1 P31 output pin
1 0 X RXD3 input pin
1 X IrRXD input pin

[Legend] x: Don't care.

e P30/SCK3/VC,, (/IRQO) pin

Register Name |PFCR PMR3 SCR3 SMR3 | PCR3 [Pin Function
Bit Name IRQOS1 and | VCret | CKE1 | CKEO | COM |PCR30
IRQOSO0
Setting Other than 0 0 0 0 0 P30 input pin
B'10 1 P30 output pin
1 X SCKS output pin
1 X X SCKS output pin
1 0 X X SCK® input pin
1 X X X VCref pin
B'10 X X X X IRQO input pin

[Legend] x: Don't care.
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8.2.6 Input Pull-Up MOS

Port 3 has an on-chip input pull-up MOS function that can be controlled by software. When a
PCR3 hit is cleared to 0, setting the corresponding PUCR3 hit to 1 turns on the input pull-up MOS
for that pin. The input pull-up MOS function isin the off state after areset.

(n=2100)
PCR3n 0 1
PUCR3n 0 1 X
Input Pull-Up MOS Off On Off

[Legend] x: Don't care.

8.3 Port 8

Port 8 isan /O port also functioning as atimer W /O pin. Figure 8.3 showsiits pin configuration.

<«—> P84/FTIOD
<«—> P83/FTIOC
<— P82/FTIOB

Port 8

Figure8.3 Port 8 Pin Configuration
Port 8 has the following registers.

o Port dataregister 8 (PDR3)
e Port control register 8 (PCRS)
o Port pull-up control register 8 (PUCRS)
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8.3.1 Port Data Register 8 (PDRS8)

PDR8 is aregister that stores data of port 8.

Bit Bit Name

Initial
Value

R/W

Description

7105 —

Reserved

The read value is undefined. These bits cannot be
modified.

P84
P83
P82

N W b

R/W
R/W
R/W

If port 8 is read while PCR8 bits are set to 1, the values
stored in PDR8 are read, regardless of the actual pin
states. If port 8 is read while PCR8 bits are cleared to 0,
the pin states are read.

Reserved

The read value is undefined. These bits cannot be
modified.

8.3.2 Port Control Register 8 (PCR8)

PCR8 selects inputs/outputs in bit units for pins to be used as general 1/0 ports of port 8.

Initial
Bit Bit Name Value R/W Description
7t05 — — — Reserved
The read value is undefined. These bits cannot be
modified.
PCR84 0 w Setting a PCR8 bit to 1 makes the corresponding pin
PCR83 0 W (P84 to P82). an oytput p?n, while cle_aring the bitto 0 .
makes the pin an input pin. The settings in PCR8 and in
2 PCR82 0 W PDRS8 are valid when the corresponding pin is
designated as a general 1/O pin.
PCRS8 is a write-only register. The read value is
undefined.
1,0 — — — Reserved

The read value is undefined. These bits cannot be
modified.
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8.3.3  Port Pull-Up Control Register 8 (PUCRS)

PUCRS controls the pull-up MOS of the port 8 pinsin bit units.

Initial

Bit Bit Name Value R/W Description

7t05 — — — Reserved
The read value is undefined. These bits cannot be
modified.

4 PUCR84 0 R/W When a PCR8 bit is cleared to 0, setting the

3 PUCRS3 0 R/W corresponding PUCRS bit to 1 turns on the pull-up MOS
for the corresponding pin, while clearing the bit to 0

2 PUCR82 0 R/W turns off the pull-up MOS.

1,0 — — — Reserved

The read value is undefined. These bits cannot be
modified.

8.34  Pin Functions
The relationship between the register settings and the port functions is shown below.

e PS4/FTIOD pin

Register Name TMRW TIOR1 PCR8 |Pin Function
Bit Name PWMD 10D2 I0D1 I0DO0 PCR84
Setting 0 0 0 0 0 P84 input pin
1 P84 output pin
1 X FTIOD output pin
1 X X FTIOD output pin
1 X X 0 P84 input/FTIOD input
pin
1 P84 output/FTIOD
input pin
1 X X X X FTIOD output pin

[Legend] x: Don't care.
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o PS3/FTIOC pin

Register Name TMRW TIOR1 PCR8 |Pin Function
Bit Name PWMC 10C2 I0C1 I0CO PCR83
Setting 0 0 0 0 0 P83 input pin
1 P83 output pin
1 X FTIOC output pin
1 X X FTIOC output pin
1 X X 0 P83 input/FTIOC input
pin
1 P83 output/FTIOC
input pin
1 X X X X FTIOC output pin
[Legend] x: Don't care.
e P82/FTIOB pin
Register Name TMRW TIORO PCR8 |Pin Function
Bit Name PWMB 10B2 I0B1 I0BO PCR82
Setting 0 0 0 0 0 P82 input pin
1 P82 output pin
1 X FTIOB output pin
1 X X FTIOB output pin
1 X X 0 P82 input/FTIOB input
pin
1 P82 output/FTIOB
input pin
1 X X X X FTIOB output pin
[Legend] x: Don't care.
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835 Input Pull-Up MOS

Port 8 has an on-chip input pull-up MOS function that can be controlled by software. When a
PCRS hit is cleared to 0, setting the corresponding PUCRS hit to 1 turns on the input pull-up MOS
for that pin. The input pull-up MOS function isin the off state after areset.

(n=4102)
PCR8n 0 1
PUCRS8n 0 1 X
Input Pull-Up MOS Off On Off

[Legend] x: Don't care.

8.4 Port 9

Port 9isan /O port also functioning as an SSU 1/0 pin, I1C2 1/O pin and interrupt pin. Figure 8.4
showsits pin configuration.

<« P93/SSI (IRQT) «— P93/SCS (IRQT)
o |e— P92/SSO (IRQOD) o  |[<—— P92/SSCK (IRQOD)
£ |«—— P91/SSCK/SDA £ |<«——> P91/SSO/SDA
«— P90/SCS/SCL <— P90/SSI/SCL
(1) SSUS =0 (2) SSUS = 1

Figure8.4 Port 9 Pin Configuration
Port 9 has the following registers.

e Port dataregister 9 (PDR9)

o Port control register 9 (PCR9)

e Port open-drain control register 9 (PODR9)
e Port pull-up control register 9 (PUCR9)
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84.1 Port Data Register 9 (PDR9)

PDR9 is aregister that stores data of port 9.

Initial
Bit Bit Name Value R/W Description
7t04 — — — Reserved
The read value is undefined. These bits cannot be
modified.
3 P93 0 R/W If port 9 is read while PCR9 bits are set to 1, the values
2 P92 0 R/W stored in PDR9 lare read, regardless pf the actual pin
states. If port 9 is read while PCR9 bits are cleared to 0,
1 P91 0 R/W the pin states are read.
0 P90 0 R/W

84.2 Port Control Register 9 (PCR9)

PCR9 selects inputs/outputs in bit units for pins to be used as general 1/O ports of port 9.

Initial
Bit Bit Name Value R/W Description
7t04 — — — Reserved
The read value is undefined. These bits cannot be
modified.
3 PCR93 0 W Setting a PCR9 bit to 1 makes the corresponding pin an
2 PCR92 0 W output pin, while clearing the bit to 0 makes the pin an
input pin. The settings in PCR9 and in PDR9 are valid
1 PCRo1 0 W when the corresponding pin is designated as a general
0 PCR90 0 w 1/0 pin.

PCR9 is a write-only register. The read value is
undefined.
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84.3 Port Open-Drain Control Register 9 (PODR9)

PODR9 selects the output format for port 9 pins.

Initial
Bit Bit Name Value R/W Description
7to4 — — — Reserved
The read value is undefined. These bits cannot be
modified.
3 P930ODR 0 R/W When a bit among the P930ODR to P90ODR bits is set
2 P920DR 0 R/W to 1, the corresponding.pin among P93 to P90 functions
as the NMOS open-drain output. When cleared to 0, the
1 P910ODR 0 R/W corresponding pin functions as the CMOS output.
0 P90ODR 0 R/W

84.4  Port Pull-Up Control Register 9 (PUCR9)

PUCR9 controls the pull-up MOS of the port 9 pinsin bit units.

Initial

Bit Bit Name Value R/W Description

7to4 — — — Reserved
The read value is undefined. These bits cannot be
modified.

3 PUCR93 0 R/W When a PCR9 bit is cleared to 0, setting the

5 PUCR92 0 R/W corresponding PUCRS bit to 1 turns on the pull-up MOS
for the corresponding pin, while clearing the bit to 0

1 PUCROT 0 R/W turns off the pull-up MOS.

0 PUCR90 0 R/W
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8.45 Pin Functions

The relationship between the register settings and the port functions is shown below.

Note on the followings when port 9 is used.

1. WhenlICisused, SSU should not be set.
2. When SSU isused, the ICE bit in 11C should be set to 0.
3. The port corresponding to the pins for SSU communication data (SSI and SSO) should not be

Set.

4. When the pins for communication data (SSI and SSO) are set to open-drain output with the
SOOS hit in the SSCRH register of SSU, they are set to open-drain output regardless of the TE
and RE hit settingsin the SSER register.

e PO93/SSI (/IRQ1) pin

Register Name PFCR PCR9 Pin Function
Bit Name IRQ1S1 and SSuUS PCR93
IRQ1S0
Setting Other than X 0 P93 input pin
BO1 1 P93 output pin
0 X SSI 1/0 pin
X SCS I/0 pin
B'01 X X IRQ1 input pin

[Legend] x: Don't care.
Note: When this pin is used as the SSI/SCS pin, register settings of the SSU are required. For
details, see section 15.4.4, Communication Modes and Pin Functions, and appendix B.3,
Port 9 Related Register Settings and Pin Functions.
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e P92/SSO (/IRQO) pin

Register Name PFCR PCR9 Pin Function
Bit Name IRQO0S1 and SSUS PCR92
IRQOS0O
Setting Other than X 0 P92 input pin
B01 P92 output pin
0 X SSO /0 pin
X SSCK /O pin
B'01 X X TRQO input pin

[Legend] x: Don't care.

Note: When this pin is used as the SSO/SSCK pin, register settings of the SSU are required. For
details, see section 15.4.4, Communication Modes and Pin Functions, and appendix B.3,
Port 9 Related Register Settings and Pin Functions.

e P91/SSCK/SDA pin

Register Name PFCR PCR9 Pin Function
Bit Name SSUS PCR91
Setting X 0 P91 input pin
1 P91 output pin
0 X SSCK /O pin
X SSO 1/0 pin
X X SDA I/O pin

[Legend] x: Don't care.

Note: When this pin is used as the SSO/SSCK pin, register settings of the SSU are required. For
details, see section 15.4.4, Communication Modes and Pin Functions, and appendix B.3,
Port 9 Related Register Settings and Pin Functions. When this pin is used as the SDA pin,
register settings of the IIC2 are required. For details, see section 16.3.1, I’C Bus Control
Register 1 (ICCR1).
Note that the priority when pin functions conflict is SSU pin > 1IC2 pin > P91.
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e P90/SCS/SCL pin

Register Name PFCR PCR9 Pin Function
Bit Name SSUS PCR90
Setting X 0 P90 input pin
1 P90 output pin
0 X SCS I/0 pin
1 X SSI 1/0 pin
X X SCL I/O pin

[Legend] x: Don't care.

Note: When this pin is used as the SCS/SSI pin, register settings of the SSU are required. For
details, see section 15.4.4, Communication Modes and Pin Functions, and appendix B.3,
Port 9 Related Register Settings and Pin Functions. When this pin is used as the SCL pin,
register settings of the IIC2 are required. For details, see section 16.3.1, I°C Bus Control
Register 1 (ICCR1).
Note that the priority when pin functions conflict is SSU pin > [IC2 pin > P90.

84.6 Input Pull-Up MOS

Port 9 has an on-chip input pull-up MOS function that can be controlled by software. When a
PCRO hit is cleared to 0, setting the corresponding PUCR9 hit to 1 turns on the input pull-up MOS
for that pin. The input pull-up MOS function isin the off state after areset.

(n=3100)
PCR9n 0 1
PUCR9n 0 1 X
Input Pull-Up MOS Off On Off

[Legend] x: Don't care.

Rev. 3.00 May 15, 2007 Page 137 of 516
RENESAS REJ09B0152-0300



Section 8 /0O Ports

85 Port B

Port B is an input-only port also functioning as an interrupt input pin, analog input pin, and
comparator pin. Figure 8.5 shows its pin configuration.

[<—— PB5/AN5/COMP1
~——— PB4/AN4/COMPO
«— PB3/AN3

Port B

«—— PB2/AN2
l«—— PB1/AN1/IRQ1
[~<—— PBO0/ANO/IRQO

Figure8.5 Port B Pin Configuration
Port B has the following registers.

e Port dataregister B (PDRB)
¢ Port mode register B (PMRB)

85.1 Port Data Register B (PDRB)

PDRB is aregister that stores data of port B.

Initial
Bit Bit Name Value R/W  Description
7,6 — — — Reserved
The read value is undefined. These bits cannot be
modified.
5 PB5 Undefined R Reading PDRB always gives the pin states. However, if
4 PB4 Undefined R a port B pin is selected as an analog input channel by
) the CH3 to CHO bits in AMR of the A/D converter, that
3 PB3 Undefined R pin is read as 0 regardless of the input voltage.
2 PB2 Undefined R
1 PB1 Undefined R
0 PBO Undefined R
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85.2 Port Mode Register B (PMRB)

PMRB controls the selection of the port B pin functions.

Initial
Bit Bit Name Value R/W

Description

7tod — — —

Reserved

The read value is undefined. These bits cannot be
modified.

3 ADTSTCHG 0 R/W TEST/ADTRG Pin Function Switch
Selects whether pin TEST/ADTRG is used as TEST or
as ADTRG.
0: TEST pin
1: ADTRG input pin
For details on the setting of the ADTRG input pin, refer
to section 17.4.2, External Trigger Input Timing.

2 — — — Reserved
The read value is undefined. This bit cannot be
modified.

1 IRQ1 0 R/W PB1/AN1/IRQ1 Pin Function Switch
Selects whether pin PB1/AN1/IRQ1 is used as
PB1/AN1 or as IRQ1.
0: PB1/AN1 input pin
1: IRQ1 input pin*

0 IRQO 0 R/W PBO/ANO/IRQO Pin Function Switch

Selects whether pin PBO/ANO/IRQO is used as
PBO0/ANO or as IRQO.

0: PBO/ANO input pin
1: IRQO input pin*

Note: * When the IRQnS1 and IRQNSO (n = 1 or 0) bits in PFCR are set to a value other than
B'00, these bits should not be set since the IRQnN pin is assigned to another port.
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8.5.3  Pin Functions
The relationship between the register settings and the port functions is shown below.

e PB5/AN5S/COMPL pin

Register Name AMR Pin Function

Bit Name CHS3 to CHO

Setting Other than B'1001 PB5/COMP1 input pin
B'1001 ANS5 input pin

[Legend] x: Don't care.

e PB4/AN4/COMPO pin

Register Name AMR Pin Function

Bit Name CHS3 to CHO

Setting Other than B'1000 PB4/COMPO input pin
B'1000 AN4 input pin

[Legend] x: Don't care.

e PB3/AN3pin

Register Name AMR Pin Function

Bit Name CHS3 to CHO

Setting Other than B'0111 PB3 input pin
B'0111 ANS input pin

[Legend] x: Don't care.

e PB2/AN2 pin

Register Name AMR Pin Function

Bit Name CHS3 to CHO

Setting Other than B'0110 PB2 input pin
B'0110 AN2 input pin

[Legend] x: Don't care.
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e PBI/ANY/IRQI pin

Register Name PMRB AMR PFCR Pin Function
Bit Name IRQA1 CH3 to CHO IRQ1S1 and
IRQ1S0
Setting 0 Other than B'xx PB1 input pin
B'0101
B'0101 B'xx AN1 input pin
1 B'xxxx B'00 IRQ1 input pin
Other than Setting prohibited
B'00
[Legend] x: Don't care.
e PBO/ANO/IRQO pin
Register Name PMRB AMR PFCR Pin Function
Bit Name IRQO CH3 to CHO IRQO0S1 and
IRQOS0
Setting 0 Other than B'xx PBO input pin
B'0100
B'0100 B'xx ANO input pin
1 B'xxxx B'00 IRQO input pin
Other than Setting prohibited
B'00
[Legend] x: Don't care.
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8.6

86.1

I nput/Output Data Inversion

Serial Port Control Register (SPCR)

SPCR switches input/output data inversion of the RXD3 (IrRXD) and TXD3 (IrTXD) pins.

SCINVO
RXD3/IrRXD
P31/RXD3/IrRXD

SCINV1

P32/TXD3/IFTXD D—G‘—; TXD3/IFTXD

Figure8.6 Input/Output Data Inversion Function

Initial
Bit Bit Name Value R/W Description
7t05 — AllO — Reserved
These bits are always read as 0 and cannot be
modified.
4 SPC3 0 R/W P32/TXD3/IrTXD Pin Function Switch
Selects whether pin P32/TXD3/IrTXD is used as P32 or
as TXD3/IrTXD.
0: P32 1/0 pin
1: TXD3/IrTXD output pin*
Note: * Set the TE bit in SCR3 after setting this bit to 1.
3,2 — AllO — Reserved
These bits are always read as 0 and cannot be
modified.
1 SCINVA 0 R/W TXD3/IrTXD Pin Output Data Inversion Switch

Specifies whether the logic level of output data of the
TXD3/IrTXD pin is to be inverted or not.

0: TXDS3/IrTXD output data is not inverted
1: TXD3/IrTXD output data is inverted
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Initial
Bit Bit Name Value R/W Description
0 SCINVO 0 R/W RXD3/IrRXD Pin Input Data Inversion Switch

Specifies whether the logic level of input data of the
RXD3/IrRXD pin is to be inverted or not.

0: RXD3/IrRXD input data is not inverted
1: RXD3/IrBRXD input data is inverted

Note: When the serial port control register is modified, the data being input or output up to that
point is inverted immediately after the modification, and an invalid data change is input or
output. When modifying the serial port control register, modification must be made in a state
in which data changes are invalidated.

8.6.2  Port Function Control Register (PFCR)

PFCR changes the SSU pin assignments, and assigns the IRQO and IRQ1 input pins to other ports.

Initial
Bit Bit Name Value

R/W

Description

7t05 — All O

Reserved

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

4 SSUS 0

R/W

SSU Pin Select
Changes the SSU pin assignments.

0: SSlis assigned to P93
SSO is assigned to P92
SSCK is assigned to P91
SCS is assigned to P90

1: SSlis assigned to P90
SSO is assigned to P91
SSCK is assigned to P92
SCS is assigned to P93

3 IRQ1S1 0
2 IRQ1S0 0

R/W
R/W

IRQ1 Select 1,0

00: IRQ1 is input from PB1
01: IRQ1 is input from P93
10: IRQ1 is input from P11
11: Setting prohibited

1 IRQOS1 0
0 IRQOS0O 0

R/W
R/W

IRQO Select 1, 0

00: IRQO is input from PBO
01: IRQO is input from P92
10: TRQO is input from P30
11: Setting prohibited
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8.7 Usage Notes

8.71 How toHandle Unused Pin
If an 1/O pin not used by the user system isfloating, pull it up or down.

e If anunused pinisaninput pin, handleit in one of the following ways:
— Pull it up to Vcc with an on-chip pull-up MOS.
— Pull it up to Vcc with an external resistor of approximately 100 kQ.
— Pull it down to Vsswith an external resistor of approximately 100 kQ.
— For apin also used by the A/D converter, pull it up to AV cc with an external resistor of
approximately 100 kQ.
o |f an unused pin isan output pin, handleit in one of the following ways:
— Set the output of the unused pin to high and pull it up to Vcc with an external resistor of
approximately 100 kQ.
— Set the output of the unused pin to low and pull it down to GND with an external resistor of
approximately 100 kQ.

8.7.2  Input Characteristics Difference dueto Pin Function

When the functions of pinsIRQO, IRQ1, IRQAEC, AEVL, AEVH, SCK3, FTIOA to FTIOD,
FTCI, SSCK, SCS, SDA, and SCL are selected, the corresponding pins have the schmitt-trigger
input characteristics, which are different from the ones when they are used as the port input pins.

For example, the input high voltage and the input low voltage of the PBO/ANO/IRQO pin differ
when the pin is used as PBO input or IRQO input. For details, refer to table 21.2 which lists the DC
characteristics for F-ZTAT version, and table 21.13 which lists the DC characteristics for masked
ROM version.
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Section9 Timer Bl

Timer B1 isan 8-hit timer that increments each time a clock pulseisinput. Thistimer has two
operating modes, interval and auto reload. Figure 9.1 shows a block diagram of timer B1.

9.1 Features

o Selection of eight internal clock sources (¢/8192, $/2048, ¢/256, $/64, $/16, /4, ¢,,/1024, and
¢,,/256).

¢ Aninterrupt is generated when the counter overflows.

e Use of module standby mode enables this module to be placed in standby mode independently
when not used. (Timer B1 is halted asthe initial value. For details, refer to section 5.4, Module
Standby Function.)

TMBH1
TCB1 2
©
]
©
ow 1/4 PSW ©
@
ow/4 [dw/1024, dw/256] k=
TLB1
[Legend]
TMB1: Timer mode register B1
TCB1: Timer counter B1 ~ IRRTB1

TLB1:  Timer load register B1
IRRTB1: Time B1 interrupt request flag
PSS: Prescaler S

PSW:  Prescaler W

Figure9.1 Block Diagram of Timer B1
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9.2 Register Descriptions
Timer B1 has the following registers.

e Timer moderegister B1 (TMB1)
e Timer counter B1 (TCB1)
e Timer load register B1 (TLB1)

9.21 Timer Mode Register B1 (TMB1)

TMBL1 selects the auto-reload function and input clock.

Initial
Bit Bit Name Value R/W Description
7 TMB17 0 R/W Auto-Reload Function Select

0: Interval timer function selected

1: Auto-reload function selected

6 TMB16 0 R/W Counter Operation/Stop Select
0: Counter stopped
1: Counter operates

5t03 — All 1 — Reserved
These bits are always read as 1.
2 TMB12 0 R/W Counter Clock Select
TMB11 0 R/W 000: Internal clock: ¢/8192
0 TMB10 0 R/W 001: Internal clock: ¢/2048

010: Internal clock: ¢/256
011: Internal clock: ¢/64
100: Internal clock: ¢/16
101: Internal clock: ¢/4
110: Internal clock: ¢,/1024
111: Internal clock: ¢,/256
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9.22 Timer Counter B1 (TCB1)

TCB1 is an 8-bit read-only up-counter, which isincremented by internal clock input. The clock
source for input to this counter is selected by bits TMB12 to TMB10in TMB1. TCBL1 values can
be read by the CPU. When TCB1 overflows from H'FF to H'00 or to the value set in TLB1, the
IRRTB1flagin IRR2 isset to 1. TCB1 isallocated to the same addressas TLB1. TCB1is
initialized to H'00.

9.23 Timer Load Register B1(TLB1)

TLB1isan 8-hit write-only register for setting the reload value of TCB1. Setting the reload value
to TLB1 must be done when bit TMB16 in TMB1 is cleared to 0. When areload valueis set in
TLB1, the same vaueisloaded into TCB1 as well, and TCB1 starts counting up from that value.
When TCB1 overflows during operation in auto-rel oad mode, the TLB1 value isloaded into
TCB1. Accordingly, overflow periods can be set within the range of 1 to 256 input clocks. TLB1
is alocated to the same address as TCB1. TLB1 isinitialized to H'00.
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9.3 Usage M ethod

Figure 9.2 shows the initial setting flow of timer B1 after areset, and figure 9.3 shows the
processing flow for changing a setting during counter operation. Bit TMB16 in TMB1 must be
cleared to 0 when setting timer B1, as shown in the figures. Operation is not guaranteed when a
setting is made with bit TMB16 in TMB1 set to 1.

Cancel the module standby mode of timer B1

*1

Set counter function with bit TMB17
in TMB1 and counter clock with bits
TMB12 to TMB10 in TMB1
(bit TMB16 must be cleared to 0
when writing to these bits)

!

Set reload value to
TLB1 when auto-reload function is selected

!

Set bit TMB16 in TMB1 to 1
to start counter operation
(bits other than TMB16 must have
the same values set at *1)

Figure9.2 Timer Bl Initial Setting Flow

Rev. 3.00 May 15, 2007 Page 148 of 516
REJ09B0152-0300 RENESAS



Section 9 Timer B1

Clear bit TMB16 in TMB1 to 0
to stop counter operation

- ¢

To modify the counter clock, change
the value in bits TMB12 to TMB10 in TMB1
(bit TMB16 must be cleared to 0
when writing to these bits)

!

To change the reload value,
set a new reload value in TLB1

!

Set bit TMB16 in TMB1 to

1 to start counter operation
(bits other than TMB16 must have

the same values set at *2)

Figure9.3 Processing Flow When Changing Setting during Counter Operation
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9.4 Operation

9.4.1 Interval Timer Operation

When bit TMB17 in TMBL1 iscleared to O, timer B1 functions as an 8-bit interval timer. Upon
reset, TCB1 iscleared to H'00 and bit TMB17 is cleared to O, so the interval timer function is
selected immediately after areset. The operating clock of timer B1 is selected from eight internal
clock signals output by prescaler S or prescaler W. The selection is made by bits TMB12 to
TMB10in TMB1.

After bit TMB16 in TMB1 is set to 1 to start the counter operation and the count valuein TMB1
reaches H'FF, the next clock signal input causes timer B1 to overflow, setting flag IRRTB1 in
IRR2to 1. If IENTB1inIENR2is 1, an interrupt is requested to the CPU.

At overflow, TCB1 returnsto H'00 and starts counting up again. Even though interval timer
operation (TMB17 = 0) is selected, when avalueis set in TLB1 with bit TMB16 in TMB1 cleared
to 0, the samevalueisset in TCB1.

9.4.2 Auto-Reload Timer Operation

Setting bit TMB17 in TMB1 to 1 causestimer B1 to function as an 8-bit auto-reload timer. When
areload valueis set in TLB1 with bit TMB16 in TMB1 cleared to 0, the same value is loaded into
TCB1. After bit TMB16 in TMB1 is set to 1 to start the counter operation and the count value in
TCB1 reaches H'FF, the next clock signal input causestimer B1 to overflow. The TLB1 valueis
then loaded into TCB1, and the count continues from that value. The overflow period can be set
within arange from 1 to 256 input clocks, depending on the TLB1 value.

The clock sources and interrupts in auto-rel oad mode are the same asin interval mode. To set a
new value in TLB1 in auto-reload mode (TMB17 = 1), clear bit TMB16in TMB1 to O before
making the new setting.
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9.5 Timer B1 Operating M odes
Table 9.1 shows the timer B1 operating modes.

Table9.1 Timer B1 Operating Modes

Active Sleep Oscillation Stabilization Time

Subsleep Watch
Clock High-  Medium- High- Medium- Sub-  Sub- Standby to to
Source speed speed speed speed Watch active sleep Standby to Active Active Active

ow/256, o o o o o o o X X o o
dw/1024

/4, /16, o o o o X X X X X X X
$/64,

$/256,

$/2048,

$/8192

[Legend] o: Counting enabled
x: Counting disabled (Counter value retained)
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Section 10 Timer W

Thetimer W has a 16-bit timer having output compare and input capture functions. The timer W
can count external events and output pulses with an arbitrary duty cycle by compare match
between the timer counter and four general registers. Thus, it can be applied to various systems.

10.1 Features

e Selection of eight counter clock sources; seven internal clocks (¢, /2, &/4, $/8, ¢,,, ¢,,/4, and
¢,,/16) and an external clock (external events can be counted)

e Capability to process up to four pulse outputs or four pulse inputs
o Four general registers:
— Independently assignable output compare or input capture functions

— Usable astwo pairs of registers; one register of each pair operates as a buffer for the output
compare or input capture register

e Four selectable operating modes:
— Waveform output by compare match
Selection of 0 output, 1 output, or toggle output
— Input capture function
Rising edge, falling edge, or both edges
— Counter clearing function
Counters can be cleared by compare match
— PWM mode
Up to three-phase PWM output can be provided with desired duty ratio.
e Any initia timer output value can be set
e Fiveinterrupt sources
Four compare match/input capture interrupts and an overflow interrupt.

¢ Use of module standby mode enables this module to be placed in standby mode independently
when not used. (The timer W is halted astheinitial value. For details, refer to section 5.4,
Module Standby Function.)

Table 10.1 summarizes the timer W functions, and figure 10.1 shows a block diagram of the timer
W.
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Table10.1 Timer W Functions

Iltem

Input/Output Pins

Counter FTIOA

FTIOB

FTIOC

FTIOD

Count clock

Internal clocks: ¢, ¢/2, ¢/4, ¢/8, ¢, $,/4, and ¢,/16

External clock: FTCI

General registers Period GRA GRB GRC (buffer GRD (buffer
(output compare/input specified in register for  register for
capture registers) GRA GRAin GRB in
buffer mode) buffer mode)
Counter clearing function ~ GRA GRA — — —
compare  compare
match match

Initial output value — Yes Yes Yes Yes
setting function
Buffer function — Yes Yes — —
Compare 0 — Yes Yes Yes Yes
match output — Yes Yes Yes Yes

Toggle — Yes Yes Yes Yes
Input capture function — Yes Yes Yes Yes
PWM mode — — Yes Yes Yes
Interrupt sources Overflow  Compare Compare Compare Compare

match/input match/input match/input  match/input
capture capture capture capture
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Internal clock: ¢

o2

¢/4

/8 <«—» FTIOA
O oo <— FTIOB
ow/d selector

dw/16 Control logic <«—» FTIOC

External clock: FTCI Comparator <«— FTIOD

————» IRRTW

= szl 2]]
slElZEENNElzlEll]le] —
FlHLCLICICelEllRIIEI]FRIIF
8Internal
T 1 7L 1L 1L 1 JEL 11 %databus
s>
(2]
>
m

[Legend]

TMRW: Timer mode register W (8 bits)
TCRW: Timer control register W (8 bits) —
TIERW: Timer interrupt enable register W (8 bits)

TSRW: Timer status register W (8 bits)

TIOR:  Timer I/O control register (8 bits)

TCNT: Timer counter (16 bits)

GRA: General register A (input capture/output compare register: 16 bits)

GRB: General register B (input capture/output compare register: 16 bits)

GRC: General register C (input capture/output compare register: 16 bits)

GRD: General register D (input capture/output compare register: 16 bits)

IRRTW: Timer W interrupt request

Figure10.1 Timer W Block Diagram
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10.2  Input/Output Pins

Table 10.2 shows the pin configuration of the timer W.

Table10.2 Pin Configuration

Name Abbreviation  Input/Output Function
External clock input FTCI Input External clock input pin
Input capture/output FTIOA Input/output Output pin for GRA output compare
compare A or input pin for GRA input capture
Input capture/output FTIOB Input/output Output pin for GRB output compare,
compare B input pin for GRB input capture, or
PWM output pin in PWM mode
Input capture/output FTIOC Input/output Output pin for GRC output compare,
compare C input pin for GRC input capture, or
PWM output pin in PWM mode
Input capture/output FTIOD Input/output Output pin for GRD output compare,
compare D input pin for GRD input capture, or

PWM output pin in PWM mode

10.3  Register Descriptions

Thetimer W has the following registers.

Timer mode register W (TMRW)
Timer control register W (TCRW)
Timer interrupt enable register W (TIERW)
Timer status register W (TSRW)
Timer 1/O control register 0 (TIORQ)
Timer 1/0O control register 1 (TIORL)
Timer counter (TCNT)

General register A (GRA)

General register B (GRB)

General register C (GRC)

General register D (GRD)
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10.3.1 Timer Mode Register W (TMRW)

TMRW selects the general register functions and the timer output mode.

Bit Bit Name

Initial
Value

R/W

Description

7 CTS

0

R/W

Counter Start

The counter operation is halted when this bit is O,
while it can be performed when this bit is 1.

Reserved
This bit is always read as 1.

5 BUFEB

R/W

Buffer Operation B
Selects the GRD function.

0: GRD operates as an input capture/output compare
register

1: GRD operates as the buffer register for GRB

4 BUFEA

R/W

Buffer Operation A
Selects the GRC function.

0: GRC operates as an input capture/output compare
register

1: GRC operates as the buffer register for GRA

Reserved
This bit is always read as 1.

2 PWMD

R/W

PWM Mode D

Selects the output mode of the FTIOD pin.

0: FTIOD operates normally (output compare output)
1: PWM output

1 PWMC

R/W

PWM Mode C

Selects the output mode of the FTIOC pin.

0: FTIOC operates normally (output compare output)
1: PWM output

0 PWMB

R/W

PWM Mode B

Selects the output mode of the FTIOB pin.

0: FTIOB operates normally (output compare output)
1: PWM output
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10.3.2 Timer Control Register W (TCRW)

TCRW selects the timer counter clock source, selects a clearing condition, and specifies the timer

output levels.

Initial
Bit Bit Name Value R/W

Description

7 CCLR 0 R/W

Counter Clear

The TCNT value is cleared by compare match A when
this bit is 1. When it is 0, TCNT operates as a free-
running counter.

6 CKS2 0 R/W
CKS1 0 R/W
4 CKS0 0 R/W

(¢)]

Clock Select2t0 0

Select the TCNT clock source.
000: Internal clock: counts on ¢
001: Internal clock: counts on ¢/2
010: Internal clock: counts on ¢/4
011: Internal clock: counts on ¢/8
100: Internal clock: counts on ¢,
101: Internal clock: counts on ¢,/4
110: Internal clock: counts on ¢,/16

111: Counts on rising edges of the external event
(FTCI)

With a setting of Oxx, the timer W can be used only in
active mode or sleep mode. Do not make this setting in
subactive mode or subsleep mode.

When 100 is set in subactive mode or subsleep mode,
the timer W can be used only when ¢,, is selected as
the CPU operating clock.

When 101 is set in subactive mode or subsleep mode,
the timer W can be used only when ¢,, or ¢,,/2 is
selected as the CPU operating clock.

3 TOD 0 R/W

Timer Output Level Setting D

Sets the output value of the FTIOD pin until the first
compare match D is generated.

0: Output value is 0*
1: Output value is 1*

2 TOC 0 R/W

Timer Output Level Setting C

Sets the output value of the FTIOC pin until the first
compare match C is generated.

0: Output value is 0*
1: Output value is 1*
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Initial
Bit Bit Name  Value R/W Description
1 TOB 0 R/W Timer Output Level Setting B
Sets the output value of the FTIOB pin until the first
compare match B is generated.
0: Output value is 0*
1: Output value is 1*
0 TOA 0 R/W Timer Output Level Setting A

Sets the output value of the FTIOA pin until the first
compare match A is generated.

0: Output value is 0*
1: Output value is 1*

[Legend] x: Don't care.
Note: * The change of the setting is immediately reflected in the output value.

10.3.3 Timer Interrupt Enable Register W (TIERW)

TIERW controls the timer W interrupt request.

Initial

Bit Bit Name  Value R/W Description

7 OVIE 0 R/W Timer Overflow Interrupt Enable
When this bit is set to 1, FOVI interrupt requested by
OVF flag in TSRW is enabled.

6to4 — All'1 — Reserved
These bits are always read as 1.

3 IMIED 0 R/W Input Capture/Compare Match Interrupt Enable D
When this bit is set to 1, IMID interrupt requested by
IMFD flag in TSRW is enabled.

2 IMIEC 0 R/W Input Capture/Compare Match Interrupt Enable C
When this bit is set to 1, IMIC interrupt requested by
IMFC flag in TSRW is enabled.

1 IMIEB 0 R/W Input Capture/Compare Match Interrupt Enable B
When this bit is set to 1, IMIB interrupt requested by
IMFB flag in TSRW is enabled.

0 IMIEA 0 R/W Input Capture/Compare Match Interrupt Enable A

When this bit is set to 1, IMIA interrupt requested by
IMFA flag in TSRW is enabled.
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10.34

Timer Status Register W (TSRW)

TSRW shows the status of interrupt requests.

Initial
Bit Bit Name  Value R/W Description
7 OVF 0 R/(W)*  Timer Overflow Flag
[Setting condition]
When TCNT overflows from H'FFFF to H'0000
[Clearing condition]
Read OVF when OVF = 1, then write 0 in OVF
6to4 — All 1 — Reserved
These bits are always read as 1.
3 IMFD 0 R/(W)*  Input Capture/Compare Match Flag D
[Setting conditions]
e TCNT = GRD when GRD functions as an output
compare register
e The TCNT value is transferred to GRD by an input
capture signal when GRD functions as an input
capture register
[Clearing condition]
Read IMFD when IMFD = 1, then write 0 in IMFD
2 IMFC 0 R/(W)*  Input Capture/Compare Match Flag C

[Setting conditions]

e TCNT = GRC when GRC functions as an output
compare register

e The TCNT value is transferred to GRC by an input
capture signal when GRC functions as an input
capture register

[Clearing condition]

Read IMFC when IMFC = 1, then write 0 in IMFC
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Initial
Bit Bit Name  Value R/W Description
1 IMFB 0 R/(W)* Input Capture/Compare Match Flag B

[Setting conditions]

e TCNT = GRB when GRB functions as an output
compare register

e The TCNT value is transferred to GRB by an input
capture signal when GRB functions as an input
capture register

[Clearing condition]

Read IMFB when IMFB = 1, then write 0 in IMFB

0 IMFA 0 R/(W)* Input Capture/Compare Match Flag A

[Setting conditions]

e TCNT = GRA when GRA functions as an output
compare register

e The TCNT value is transferred to GRA by an input
capture signal when GRA functions as an input
capture register

[Clearing condition]

Read IMFA when IMFA = 1, then write 0 in IMFA

Note: * Only 0 can be written to clear the flag.

10.35 Timer I/O Control Register 0 (TIORO)

TIORO selects the functions of GRA and GRB, and specifies the functions of the FTIOA and
FTIOB pins.

Initial
Bit Bit Name  Value R/W Description
7 — 1 — Reserved
This bit is always read as 1.
6 10B2 0 R/W 1/0 Control B2

Selects the GRB function.
0: GRB functions as an output compare register
1: GRB functions as an input capture register
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Initial
Bit Bit Name Value R/W Description
5 IOB1 0 R/W 1/0 Control B1 and BO
4 I0BO 0 R/W When I0B2 =0,
00: No output at compare match
01: 0 output to the FTIOB pin at GRB compare match
10: 1 output to the FTIOB pin at GRB compare match
11: Output toggles to the FTIOB pin at GRB compare
match
When IOB2 =1,
00: Input capture at rising edge at the FTIOB pin
01: Input capture at falling edge at the FTIOB pin
1x: Input capture at rising and falling edges of the
FTIOB pin
3 — 1 — Reserved
This bit is always read as 1.
2 I0A2 0 R/W 1/0 Control A2
Selects the GRA function.
0: GRA functions as an output compare register
1: GRA functions as an input capture register
1 IOA1 0 R/W 1/0 Control A1 and AO
0 I0OA0 0 R/W When I0A2 =0,

00: No output at compare match
01: 0 output to the FTIOA pin at GRA compare match
10: 1 output to the FTIOA pin at GRA compare match

11: Output toggles to the FTIOA pin at GRA compare
match

When IOA2 =1,
00: Input capture at rising edge of the FTIOA pin
01: Input capture at falling edge of the FTIOA pin

1x: Input capture at rising and falling edges of the
FTIOA pin

[Legend] x: Don't care.
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10.3.6 Timer I/O Control Register 1 (TIOR1)

TIOR1 selects the functions of GRC and GRD, and specifies the functions of the FTIOC and
FTIOD pins.

Initial
Bit Bit Name  Value R/W Description
7 — 1 — Reserved
This bit is always read as 1.
6 I0D2 0 R/W  1/0O Control D2
Selects the GRD function.
0: GRD functions as an output compare register
1: GRD functions as an input capture register
5 IOD1 0 R/W /O Control D1 and DO
4 IODO 0 R/W  When IOD2 =0,
00: No output at compare match
01: 0 output to the FTIOD pin at GRD compare match
10: 1 output to the FTIOD pin at GRD compare match

11: Output toggles to the FTIOD pin at GRD compare
match

When 10D2 = 1,
00: Input capture at rising edge at the FTIOD pin
01: Input capture at falling edge at the FTIOD pin
1x: Input capture at rising and falling edges at the FTIOD
pin

3 — 1 — Reserved
This bit is always read as 1.

2 I0C2 0 R/W /0O Control C2
Selects the GRC function.
0: GRC functions as an output compare register
1: GRC functions as an input capture register
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Initial
Bit Bit Name Value R/W  Description
1 I0C1 0 R/W  1/0 Control C1 and CO
0 I0CO 0 R/W  When IOC2 =0,

00: No output at compare match
01: 0 output to the FTIOC pin at GRC compare match
10: 1 output to the FTIOC pin at GRC compare match

11: Output toggles to the FTIOC pin at GRC compare
match

When IOC2 =1,
00: Input capture to GRC at rising edge of the FTIOC pin
01: Input capture to GRC at falling edge of the FTIOC pin

1x: Input capture to GRC at rising and falling edges of
the FTIOC pin

[Legend] x: Don't care.

10.3.7 Timer Counter (TCNT)

TCNT is a16-hit readabl e/writable up-counter. The clock source is selected by hits CKS2 to
CKS0in TCRW. TCNT can be cleared to H'0000 through a compare match with GRA by setting
the CCLR in TCRW to 1. When TCNT overflows (changes from H'FFFF to H'0000), the OVF
flagin TSRW issetto 1. If OVIE in TIERW is set to 1 at thistime, an interrupt request is
generated. TCNT must always be read or written in 16-bit units; 8-bit accessis not allowed.
TCNT isinitialized to H'0000 by areset.
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10.3.8 General RegistersA toD (GRA to GRD)

Each general register is a 16-bit readable/writable register that can function as either an output-
compare register or an input-capture register. The function is selected by settingsin TIORO and
TIORL1.

When ageneral register is used as an output-compare register, its value is constantly compared
with the TCNT value. When the two values match (a compare match), the corresponding flag
(IMFA, IMFB, IMFC, or IMFD) in TSRW is set to 1. An interrupt request is generated at this
time, when IMIEA, IMIEB, IMIEC, or IMIED in TIERW is set to 1. Compare match output can
be selected in TIOR.

When ageneral register is used as an input-capture register, an external input-capture signal is
detected and the current TCNT value is stored in the general register. The corresponding flag
(IMFA, IMFB, IMFC, or IMFD) in TSRW is set to 1. If the corresponding interrupt-enable bit
(IMIEA, IMIEB, IMIEC, or IMIED) in TIERW is set to 1 at thistime, an interrupt request is
generated. The edge of the input-capture signal is selected in TIOR.

GRC and GRD can be used as buffer registers of GRA and GRB, respectively, by setting BUFEA
and BUFEB in TMRW.

For example, when GRA is set as an output-compare register and GRC is set as the buffer register
for GRA, the value in the buffer register GRC is sent to GRA whenever compare match A is
generated.

When GRA is set as an input-capture register and GRC is set as the buffer register for GRA, the
valuein TCNT istransferred to GRA and the value in GRA istransferred to GRC whenever an
input capture is generated.

GRA to GRD must be written or read in 16-bit units; 8-bit accessis not allowed. GRA to GRD are
initialized to H'FFFF by areset.
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104  Operation
Thetimer W has the following operating modes.

e Normal Operation
¢ PWM Operation

1041 Normal Operation

TCNT performs free-running or periodic counting operations. After areset, TCNT isset asafree-
running counter. When the CTS bitin TMRW isset to 1, TCNT startsincrementing the count.
When the count overflows from H'FFFF to H'0000, the OVF flag in TSRW is set to 1. If the OVIE
in TIERW is set to 1, an interrupt request is generated. Figure 10.2 shows free-running counting.

TCNT value
H'FFFF

H'0000 »Time

CTS bit | .
' Flag cleared

by software
Y

OVF iij

Figure10.2 Free-Running Counter Operation
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Periodic counting operation can be performed when GRA is set as an output compare register and
CCLR bitin TCRW is set to 1. When the count matches GRA, TCNT is cleared to H'0000, the
IMFA flag in TSRW is set to 1. If the corresponding IMIEA bit in TIERW is set to 1, an interrupt
request is generated. TCNT continues counting from H'0000. Figure 10.3 shows periodic

counting.

H'0000

CTS bit

IMFA

TCNT value

Time

Flag cleared
s by software

Figure 10.3 Periodic Counter Operation

By setting ageneral register as an output compare register, compare match A, B, C, or D can
cause the output at the FTIOA, FTIOB, FTIOC, or FTIOD pin to output O, output 1, or toggle.
Figure 10.4 shows an example of 0 and 1 output when TCNT operates as a free-running counter, 1
output is selected for compare match A, and 0 output is selected for compare match B. When
signal is already at the selected output level, the signal level does not change at compare match.

TCNT value

'
T
'
~\

FTIOA ' | ! ~ No change No change

FTIOB | i No change 1 No change

Figure10.4 0and 1 Output Example (TOA =0,TOB =1)
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Figure 10.5 shows an example of toggle output when TCNT operates as a free-running counter,
and toggle output is selected for both compare match A and B.

TCNT value

| Toggle output
FTIOB | | | Toggle output

Figure10.5 Toggle Output Example (TOA =0, TOB =1)

Figure 10.6 shows another example of toggle output when TCNT operates as a periodic counter,
cleared by compare match A. Toggle output is selected for both compare match A and B.

TCNT value

Counter cleared by compare match with GRA

»Time

Toggle
output

FTIOB | | | | Toggle
output

Figure10.6 Toggle Output Example (TOA =0,TOB =1)

Rev. 3.00 May 15, 2007 Page 168 of 516
REJ09B0152-0300 RENESAS




Section 10 Timer W

The TCNT value can be captured into ageneral register (GRA, GRB, GRC, or GRD) when a
signal level changes at an input-capture pin (FTIOA, FTIOB, FTIOC, or FTIOD). Capture can
take place on therising edge, falling edge, or both edges. By using the input-capture function, the
pulse width and periods can be measured. Figure 10.7 shows an example of input capture when
both edges of FTIOA and the falling edge of FTIOB are selected as capture edges. TCNT operates
as afree-running counter.

TCNT value
A

e
HFOOQ - - === mmmmmmmmmmmmmm oo oo €

HAABS |-« oo mcmm e e

HIS5AA | === === -mmso oo e T i SRR EEEEETy CERRREEE
HA000 | -ooo . I S R B AR

H'0000 A ! : : »Time

GRA X H1000 ; X HF000 X H55AA

GRB X H'AAS5

Figure10.7 Input Capture Operating Example
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Figure 10.8 shows an example of buffer operation when the GRA is set as an input-capture
register and GRC is set as the buffer register for GRA. TCNT operates as a free-running counter,
and FTIOA captures both rising and falling edge of the input signal. Due to the buffer operation,
the GRA value istransferred to GRC by input-capture A and the TCNT valueis stored in GRA.

TCNT value

A
2
HDAGY |- o mmm e e
H'5480 | ... __ ,,,,,,,,,,,,,,,,,
H0245 |- R S S
H'0000 > Time
FTIOA f { f
GRA X Ho245 X H'5480 X HDA91

Ny i\ N

GRC X X HO0245 X H'5480

Figure10.8 Buffer Operation Example (Input Capture)

1042 PWM Operation

In PWM mode, PWM waveforms are generated by using GRA as the period register and GRB,
GRC, and GRD as duty registers. PWM waveforms are output from the FTIOB, FTIOC, and
FTIOD pins. Up to three-phase PWM waveforms can be output. In PWM mode, a generd register
functions as an output compare register automatically. The output level of each pin depends on the
corresponding timer output level set bit (TOB, TOC, and TOD) in TCRW. When TOB is 1, the
FTIOB output goesto 1 at compare match A and to 0 at compare match B. When TOB is 0, the
FTIOB output goesto 0 at compare match A and to 1 at compare match B. Thus the compare
match output level settingsin TIORO and TIOR1 are ignored for the output pin set to PWM mode.
If the same value is set in the cycle register and the duty register, the output does not change when
acompare match occurs.

Figure 10.9 shows an example of operation in PWM mode. The output signalsgoto 1 and TCNT
iscleared at compare match A, and the output signals go to 0 at compare match B, C, and D
(TOB, TOC, and TOD = 1: initial output values are set to 1).
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TCNT value

Counter cleared by compare match A

GRA
GRB
GRC
GRD
H'0000

FTIOB

FTIOC C ] | C ] | b |

oo —] = — -

Figure10.9 PWM Mode Example (1)

Figure 10.10 shows another example of operation in PWM mode. The output signals go to 0 and
TCNT iscleared at compare match A, and the output signals go to 1 at compare match B, C, and
D (TOB, TOC, and TOD = 0: initial output values are set to 0).

TCNT value
Counter cleared by compare match A

GRA
GRB
GRC
GRD
H'0000

FTIOB

FTIOC ! ! !

FTIOD _i i_i |_i i_

Figure10.10 PWM Mode Example (2)

Rev. 3.00 May 15, 2007 Page 171 of 518
RENESAS REJ09B0152-0300




Section 10 Timer W

Figure 10.11 shows an example of buffer operation when the FTIOB pin is set to PWM mode and
GRD is set as the buffer register for GRB. TCNT is cleared by compare match A, and FTIOB
outputs 1 at compare match B and 0 at compare match A.

Due to the buffer operation, the FTIOB output level changes and the value of buffer register GRD
istransferred to GRB whenever compare match B occurs. This procedure is repeated every time
compare match B occurs.

TCNT value
GRA

GRB

H'0000

GRD  Ho200, X | H0450 X | Hos20 PoX

GRB X H0200 | X | H0450 X iHo0520

Figure10.11 Buffer Operation Example (Output Compare€)
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Figures 10.12 and 10.13 show examples of the output of PWM waveforms with duty cycles of 0%
and 100%.

TCNT value
Write to GRB

GRA e .

GRB
H'0000
FTIOB _I | Duty 0%
TCNT value Output does not change when cycle register
/and duty register compare matches occur
Write to GRB i
GRA - _Simultaneously. ... T
i
| / == I
d')Write to GRB |
GRB T T T T oA
H'0000 : +—>Time
| Duty 100%
FTIOB
Output does not change when cycle register
TCNT value and duty register compare matches occur
imult: ly.
Write to GRB O—SI-%%@U-SL-—-—-—-—-—-—-—-j
GRA |-----o--- O— e i Tl ==
Write to GRB
1
O-
GRB Write to GRB
H'0000 : I »>Time
| Duty 100% Duty 0% i
FTIOB !

Figure10.12 PWM Mode Example
(TOB, TOC, and TOD = 0: initial output valuesare set to 0)
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TCNT value
Write to GRB

GRA oo .

GRB

H'0000 5 |
FTIOB | | Duty 100%
TCNT value Output does not change when cycle register

and duty register compare matches occur
simultaneously.

Write to GRB

GRA

| Duty 0% | I |
FTIOB

Output does not change when cycle register

and duty register compare matches occur
simultaneously.

Write to GRB

GRA

O
Write to GRB

H'0000 : | »Time

| Duty 0% Duty 100% i
FTIOB 5

Figure10.13 PWM Mode Example
(TOB, TOC, and TOD = 1. initial output valuesare set to 1)
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10.5 Operation Timing

1051 TCNT Count Timing

Figure 10.14 shows the TCNT count timing when the internal clock source is selected. Figure
10.15 shows the timing when the external clock source is selected. The pulse width of the external
clock signal must be at least two system clock (¢) cycles; shorter pulses will not be counted
correctly.

o JUHU UL L L
Internal Rising edge

clock

Y

ZISL\JKT input _l I_l

TCNT N X N+1 X N+2

Figure10.14 Count Timing for Internal Clock Source

o T LML
Ext |

clock 9% | ?w‘

TCNT input | | | |

clock

TCNT N X N+1 X N+2

Figure10.15 Count Timingfor External Clock Source
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10.5.2  Output Compare Output Timing

The compare match signal is generated in the last state in which TCNT and GR match (when
TCNT changes from the matching value to the next value). When the compare match signal is
generated, the output value selected in TIOR is output at the compare match output pin (FTIOA,
FTIOB, FTIOC, or FTIOD).

When TCNT matches GR, the compare match signal is generated only after the next counter clock
pulseisinput.

Figure 10.16 shows the output compare timing.

; S L
TCNT input | |
clock

TONT N L N
GRA to GRD N

Compare | |

match signal

FTIOA to FTIOD X

Figure10.16 Output Compare Output Timing
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10.5.3 Input Capture Timing

Input capture on the rising edge, falling edge, or both edges can be selected through settingsin
TIORO and TIORL. Figure 10.17 shows the timing when the falling edge is selected. The pulse
width of the input capture signal must be at least two system clock (¢) cycles; shorter pulses will

not be detected correctly.

; S L
o] [
doral [ ]
TCNT :X N1 X N Ntk N2 )

GRA to GRD N

Figure10.17 Input Capturelnput Signal Timing

1054 Timing of Counter Clearing by Compare Match

Figure 10.18 shows the timing when the counter is cleared by compare match A. When the GRA
valueis N, the counter countsfrom 0 to N, and itscycleisN + 1.

0 JLU LT L
Compare I_l

match signal

TCNT N ) Ho000

GRA N

Figure10.18 Timing of Counter Clearing by Compare Match
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10.5.5 Buffer Operation Timing

Figures 10.19 and 10.20 show the buffer operation timing.

¢ Uyt
Compare
match signal | |

TCNT N . S
GRC, GRD M :
GRA, GRB ! I ™

Figure10.19 Buffer Operation Timing (Compare Match)

o LU
Input capture I_l I_l
signal

TONT PN LoNet
GRA, GRB MmN E R
GRC, GRD | I W | I~

Figure10.20 Buffer Operation Timing (Input Capture)
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10.5.6 Timingof IMFA to IMFD Flag Setting at Compare Match

If ageneral register (GRA, GRB, GRC, or GRD) is used as an output compare register, the
corresponding IMFA, IMFB, IMFC, or IMFD flag is set to 1 when TCNT matches the general
register.

The compare match signal is generated in the last state in which the values match (when TCNT is
updated from the matching count to the next count). Therefore, when TCNT matches a general
register, the compare match signal is generated only after the next TCNT clock pulseisinput.

Figure 10.21 shows the timing of the IMFA to IMFD flag setting at compare match.

; ST
TCNT input | |
clock

TCNT N L N
GRA to GRD N

Compare I_l

match signal

IMFA to IMFD |

IRRTW |

Figure10.21 Timing of IMFA to IMFD Flag Setting at Compare Match

Rev. 3.00 May 15, 2007 Page 179 of 518
RENESAS REJ09B0152-0300




Section 10 Timer W

10.5.7 Timingof IMFA to IMFD Setting at Input Capture

If ageneral register (GRA, GRB, GRC, or GRD) is used as an input capture register, the
corresponding IMFA, IMFB, IMFC, or IMFD flag is set to 1 when an input capture occurs. Figure
10.22 shows the timing of the IMFA to IMFD flag setting at input capture.

’ T
Input capture I_l
signal

TCNT N

GRA to GRD I~

IMFA to IMFD |

IRRTW |

Figure10.22 Timing of IMFA to IMFD Flag Setting at I nput Capture

10.5.8 Timing of StatusFlag Clearing

When the CPU reads a status flag while it is set to 1, then writes 0 in the status flag, the status flag
is cleared. Figure 10.23 shows the status flag clearing timing.

TSRW write cycle

T1 T2
N sisiaizlizisizigint

Address XTSRW addressX
Write signal | I
IMFA to IMFD |
IRRTW |

Figure10.23 Timing of Status Flag Clearing by CPU
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10.6 Timer W Operating Modes

Table 10.3 shows the timer W operating modes.

Table10.3 Timer W Operating M odes

Active Sleep Oscillation Stabilization Time
Clock High- Medium- High- Medium- Sub-  Sub- Standby to Subsleep to Watch to
Source speed speed speed speed Watch active sleep Standby Active Active Active
FTCI o o o o x o o X X x x
ow, ¢w/4, o o o o x o o X x x x
ow/16
o, §/2, /4, o o o o x x x x x X x
¢/8

[Legend] o: Counting enabled

x: Counting disabled (Counter value retained)

10.7  Usage Notes

The following types of contention or operation can occur in timer W operation.

1

The pulse width of the input clock signal and the input capture signal must be at least two
system clock cycles; shorter pulses will not be detected correctly. The system clock described
here indicates the clock set for the CPU operation. For example, in the ¢w/8 operation, at least
dw x 16 clock cycles are required as the pulse width.

Writing to registersis performed in the T2 state of a TCNT write cycle.

If counter clear signal occursin the T2 state of a TCNT write cycle, clearing of the counter
takes priority and the write is not performed, as shown in figure 10.24. If counting-up is
generated in the TCNT write cycle to contend with the TCNT counting-up, writing takes
precedence.

Depending on the timing, TCNT may be incremented by a switch between different internal
clock sources. When TCNT isinternally clocked, an increment pulse is generated from the
rising edge of an internal clock signal, that is, the divided system clock (¢). Therefore, as
shown in figure 10.25 the switch is from alow clock signal to a high clock signal, the
switchover is seen as arising edge, causing TCNT to increment.

If timer W enters module standby mode while an interrupt request is generated, the interrupt
reguest cannot be cleared. Before entering modul e standby mode, disable interrupt requests.
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5. When an input capture function is specified, inputting avalid edge to the FTIOA to FTIOD
pins sets the status bit of the corresponding TSRW, even if the CTS bitin TMRW is0
(counting disabled state). When the relevant interrupt is enabled, this inputting generates an
interrupt.

6. When the input capture timing conflicts with the corresponding GRA to GRD write timing,

a. thewritten values are reflected in GRA to GRD.
b. the status flag of the corresponding TSRW is set.

7. When the input capture timing conflicts with the GRA to GRD read timing, the read values are
ones before capturing. The captured values can be read one clock after the capturing.

8. When the input capture A or B conflicts with the GRC or GRD write timing as the input
capture operation in buffer mode,

a. the captured values arereflected in GRA or GRB.
b. thewritten values are reflected in GRC or GRD. (The values in GRC or GRD are not ones
in GRA or GRB before capturing.)

9. When the compare match timing conflicts with the GRA to GRD write timing as the compare
match operation,

a thewritten values are reflected in GRA to GRD.
b. the FTIOA to FTIOD output changes by the compare match.

10. When the compare match A or B conflicts with the GRA or GRB write timing as the compare
match operation in buffer mode,

a. thewritten values are reflected in GRA or GRB. (The valuesin GRA or GRB are not ones
in GRC or GRD of the buffer register.)
b. the FTIOA or FTIOB output changes by the compare match.

11. When the compare match A or B conflicts with the GRC or GRD write timing as the compare
match operation in buffer mode,

a. thevaluesin GRA or GRB are onesin GRC or GRD before writing.
b. the FTIOA or FTIOB output changes by the compare match.

12. When GRC or GRD is specified to the compare match output as the compare match operation
in buffer mode, FT1OC or FTIOD output changes by the GRC or GRD compare match.

13. When ¢ow, dw/4, ¢w/16, or FTCI input is selected as the count clock, counting is enabled even
in subactive and subsleep modes. Counting is disabled during the oscillation stabilization time
in transition to the active mode.

14. When ¢ow, ¢w/4, ¢w/16, or FTCI input is selected as the count clock, counting is enabled in
active and sleep modes athough counting may be misaligned by one in transition from the
active to subactive mode.
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Address

Write signal

Counter clear

signal

TCNT

T1 T2

TCNT write cycle

XTCNT address X

L
[ 1

N X H'0000

Figure 10.24 Contention between TCNT Writeand Clear

Previous clock —l | | | | | | | |_

New clock
Count clock |_| @ |_|
TCNT N oK Net N /e N a3 X
The change in signal level at clock switching is
assumed to be a rising edge, and TCNT
increments the count.
Figure10.25 Internal Clock Switchingand TCNT Operation
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Section 11 Realtime Clock (RTC)

Section 11 Redtime Clock (RTC)

The realtime clock (RTC) isatimer used to count time ranging from a second to a week.
Interrupts can be generated ranging from 0.25 seconds to aweek. Figure 11.1 shows the block
diagram of the RTC.

11.1 Features

e Counts seconds, minutes, hours, and day-of-week

e Start/stop function

o Reset function

o Readable/writable counter of seconds, minutes, hours, and day-of-week with BCD codes
e Periodic (0.25 seconds, 0.5 seconds, one second, minute, hour, day, and week) interrupts
e 8-bit free running counter

e Selection of clock source

e Use of module standby mode enables this module to be placed in standby mode independently
when not used. (The RTC is operating astheinitial value. For details, refer to section 5.4,
Module Standby Function.)
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[
N o P
RWKDR  [«—»
<

RTCFLG |*+1—

N
\/

Interrup ! . [ Interrupt
control circuit

32-kHz
oscillator
circuit

A A A

Clock count

TMOW control circuit

Internal data bus

MA|A

\

[Legend]

RTCCSR: Clock source select register

RSECDR: Second date register/free running counter data register
RMINDR:  Minute date register

RHRDR: Hour date register

RWKDR: Day-of-week date register

RTCCR1:  RTC control register 1

RTCCR2:  RTC control register 2

RTCFLG: RTC interrupt flag register

PSS: Prescaler S

Figure1l.1 Block Diagram of RTC

11.2  Input/Output Pin
Table 11.1 shows the pin configuration of the RTC.

Table11.1 Pin Configuration

Name Abbreviation /O Function

Clock output TMOW Output RTC divided clock output
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11.3  Register Descriptions

The RTC hasthe following registers.

e Second data register/free running counter data register (RSECDR)
¢ Minute dataregister (RMINDR)
e Hour dataregister (RHRDR)

o Day-of-week dataregister (RWKDR)

e RTC control register 1 (RTCCR1)
e RTC control register 2 (RTCCR2)

e Clock source select register (RTCCSR)
o RTC interrupt flag register (RTCFLG)

11.31  Second Data Register/Free Running Counter Data Register (RSECDR)

RSECDR counts the BCD-coded second value. The setting range is decimal 00 to 59. It is an 8-bit
read register used as a counter, when it operates as a free running counter. For more information
on reading seconds, minutes, hours, and day-of-week, see section 11.4.3, Data Reading Procedure.

Initial

Bit Bit Name Value R/W Description

7 BSY —/(0)* R RTC Busy
This bit is set to 1 when the RTC is updating (operating)
the values of second, minute, hour, and day-of-week data
registers. When this bit is 0, the values of second, minute,
hour, and day-of-week data registers must be adopted.

6 SC12 —/(0)* R/W Counting Ten's Position of Seconds

5 SC11 —/(0)* R/W Counts on 0 to 5 for 60-second counting.

4 SC10 —/(0)* R/W

3 SCo03 —/(0)* R/W Counting One's Position of Seconds

2 SC02 —/(0)* R/W Counts on 0 to 9 once per second. When a carry is

1 sSCo1 —/(0)* R/W generated, 1 is added to the ten's position.

0 SCO00 —/(0)* R/W

Note: * Initial value after a reset caused by the RST bit in RTCCR1.
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11.3.2 Minute Data Register (RMINDR)

RMINDR counts the BCD-coded minute value on the carry generated once per minute by the
RSECDR counting. The setting range is decimal 00 to 59.

Initial

Bit Bit Name Value R/W Description

7 BSY —/(0)* R RTC Busy
This bit is set to 1 when the RTC is updating (operating)
the values of second, minute, hour, and day-of-week data
registers. When this bit is 0, the values of second, minute,
hour, and day-of-week data registers must be adopted.

6 MN12 —/(0)* R/W Counting Ten's Position of Minutes

5 MN11 —/(0)* R/W Counts on 0 to 5 for 60-minute counting.

4 MN10 —/(0)* R/W

3 MNO3 —/(0)*  R/W Counting One's Position of Minutes

2 MNO02 —/(0)* R/W Counts on 0 to 9 once per minute. When a carry is

1 MNO1 —/(0)* R/W generated, 1 is added to the ten's position.

MNOO —/(0)* R/W

Note: * Initial value after a reset caused by the RST bit in RTCCR1.
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1133 Hour Data Register (RHRDR)

RHRDR counts the BCD-coded hour value on the carry generated once per hour by RMINDR.
The setting range is either decimal 00 to 11 or 00 to 23 by the selection of the 12/24 hit in

RTCCR1.
Initial

Bit Bit Name Value R/W Description

7 BSY —/(0)* R RTC Busy
This bit is set to 1 when the RTC is updating (operating)
the values of second, minute, hour, and day-of-week data
registers. When this bit is 0, the values of second, minute,
hour, and day-of-week data registers must be adopted.

6 — 0 — Reserved
This bit is always read as 0.

5 HR11 —/(0)* R/W Counting Ten's Position of Hours

4 HR10 —/(0)* R/W Counts on 0 to 2 for ten's position of hours.

3 HRO3 —/(0)* R/W Counting One's Position of Hours

2 HRO02 —/(0)* R/W Counts on 0 to 9 once per hour. When a carry is

1 HRO1 —/(0)* R/W generated, 1 is added to the ten's position.

0 HRO0O0 —/(0)*  R/W

Note: * Initial value after a reset caused by the RST bit in RTCCR1.
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11.34 Day-of-Week Data Register (RWKDR)

RWKDR counts the BCD-coded day-of-week value on the carry generated once per day by
RHRDR. The setting range is decimal 0 to 6 using bits WK 2 to WKO.

Initial

Bit Bit Name Value R/W Description

7 BSY —/(0)* R RTC Busy
This bit is set to 1 when the RTC is updating (operating)
the values of second, minute, hour, and day-of-week data
registers. When this bit is 0, the values of second, minute,
hour, and day-of-week data registers must be adopted.

6to3 — AllO — Reserved
These bits are always read as 0.

2 WK2 —/(0)* R/W Day-of-Week Counting

WK1 —/(0)* R/W Day-of-week is indicated with a binary code

0 WKO —/(0)* R/W 000: Sunday

001: Monday

010: Tuesday

011: Wednesday

100: Thursday

101: Friday

110: Saturday

111: Reserved (setting prohibited)

Note: * Initial value after a reset caused by the RST bit in RTCCR1.
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1135 RTC Control Register 1 (RTCCR1)

RTCCRL1 controls start/stop and reset of the clock timer. For the definition of time expression, see
figure 11.2.

Initial
Bit Bit Name Value R/W Description
7 RUN —/(0)* R/W RTC Operation Start
0: Stops RTC operation
1: Starts RTC operation
6 12/24 —/(0)* R/W Operating Mode
0: RTC operates in 12-hour mode. RHRDR counts on 0
to 11.
1: RTC operates in 24-hour mode. RHRDR counts on 0
to 23.
5 PM —/(0)* R/W AM./P.M.

0: Indicates a.m. when RTC is in the 12-hour mode.

1: Indicates p.m. when RTC is in the 12-hour mode.
4 RST 0 R/W Reset

0: Normal operation

1: Resets registers and control circuits except RTCCSR
and this bit. Clear this bit to 0 after having been set to
1.

3 INT —/(0)* R/W Interrupt Occurrence Timing

0: Periodic interrupts of second, minute, hour, and day-of-
week occur during the RTC busy period.

1: Periodic interrupts of second, minute, hour, and day-of-
week occur immediately after the RTC busy period
finishes.

2to0 — AllO — Reserved
These bits are always read as 0.
Note: * Initial value after a reset caused by the RST bit in RTCCR1.

Noon

24-hour count |0 | 1 4|5|6[7]|8[9|10{11[12]|13[14|15[16(17
12-hourcount [0 [1[2[3[4[5[6[7[8[9[10{11[{0[1[2[3[4]5
PM 0 (Morning) 1 (Afternoon)

N
w

24-hour count [18[19/20|21)|22|23| 0
12-hourcount |6 |7 |8[9]10[{11]0
PM 1 (Afternoon) 0

Figure11.2 Definition of Time Expression
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1136 RTC Control Register 2 (RTCCR?2)

RTCCR2 controls RTC periodic interrupts of week, day, hour, minute, one second, 0.5 seconds,
and 0.25 seconds. Enabling interrupts of week, day, hour, minute, one second, 0.5 seconds, and
0.25 seconds sets the corresponding flag to 1 in the RTC interrupt flag register (RTCFLG) when
an interrupt occurs. It also controls an overflow interrupt of afree running counter when RTC
operates as a free running counter.

Initial
Bit Bit Name Value R/W Description
7 FOIE —/(0)* R/W Free Running Counter Overflow Interrupt Enable

0: Disables an overflow interrupt
1: Enables an overflow interrupt

6 WKIE —/(0)* R/W Week Periodic Interrupt Enable
0: Disables a week periodic interrupt
1: Enables a week periodic interrupt

5 DYIE —/(0)* R/W Day Periodic Interrupt Enable
0: Disables a day periodic interrupt
1: Enables a day periodic interrupt

4 HRIE —/(0)* R/W Hour Periodic Interrupt Enable
0: Disables an hour periodic interrupt
1: Enables an hour periodic interrupt

3 MNIE —/(0)* R/W Minute Periodic Interrupt Enable
0: Disables a minute periodic interrupt

1: Enables a minute periodic interrupt

2 1SEIE —/(0)* R/W One-Second Periodic Interrupt Enable
0: Disables a one-second periodic interrupt
1: Enables a one-second periodic interrupt

1 05SEIE —/(0)* R/W 0.5-Second Periodic Interrupt Enable
0: Disables a 0.5-second periodic interrupt
1: Enables a 0.5-second periodic interrupt

0 025SEIE  —/(0)* R/W 0.25-Second Periodic Interrupt Enable
0: Disables a 0.25-second periodic interrupt
1: Enables a 0.25-second periodic interrupt

Note: * Initial value after a reset caused by the RST bit in RTCCR1.
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11.3.7 Clock Source Select Register (RTCCSR)

RTCCSR sdlects clock source. A free running counter controls start/stop of counter operation by
the RUN bit in RTCCRL1. When aclock other than ¢,,/4 is selected, the RTC is disabled and
operates as an 8-bit free running counter. When the RTC operates as an 8-bit free running counter,
RSECDR enables counter valuesto be read. An interrupt can be generated by setting 1 to the
FOIE bit in RTCCR2 and enabling an overflow interrupt of the free running counter. A clock
generated by dividing the system clock by 32, 16, 8, or 4 is output in active or sleep mode. ¢,, is
output in active, sleep, subactive, subsleep, or watch mode.

Initial
Bit Bit Name Value R/W Description
7 — 0 — Reserved
This bit is always read as 0.
RCS6 0 R/W Clock Output Selection
RCS5 0 R/W Select a clock output from the TMOW pin when enabling
SUB32K 0 R/W TMOW output in PMR1.
000: ¢/4
010: ¢/8
100: ¢/16
110: ¢/32
xx1: ¢,
3 RCS3 1 R/W Clock Source Selection
2 RCS2 0 R/W 0000: ¢/8:-++ererererenene Free running counter operation
1 RCS1 0 R/W 0001 ¢p/32:-c-eereeveeee Free running counter operation
0 RCS0 0 R/W 0010: ¢/128:+-eevevee Free running counter operation
0011: ¢p/256- -+ Free running counter operation
0100: ¢/512:--eveveeee Free running counter operation
0101: ¢p/2048---------- Free running counter operation
0110: ¢/4096----------- Free running counter operation
0111: ¢/8192---+--o- Free running counter operation
1000: ¢, /4 eeeveeeeees RTC operation

1001 to 1111: Setting prohibited
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1138 RTC Interrupt Flag Register (RTCFLG)

RTCFLG sets the corresponding flag when an interrupt occurs. Each flag is not cleared
automatically even if the interrupt is accepted. To clear the flag, O should be written to the flag.

Initial

Bit Bit Name Value R/W Description
7 FOIFG —/(0)*'  R/(W)** [Setting condition]

When a free running counter overflows

[Clearing condition]

0 is written to FOIFG when FOIFG = 1
6 WKIFG —/(0)*'  R/(W)** [Setting condition]

When a week periodic interrupt occurs

[Clearing condition]

0 is written to WKIFG when WKIFG = 1
5 DYIFG —/(0)*'  R/(W)** [Setting condition]

When a day periodic interrupt occurs

[Clearing condition]

0 is written to DYIFG when DYIFG = 1
4 HRIFG —/(0)*'  R/(W)** [Setting condition]

When an hour periodic interrupt occurs

[Clearing condition]

0 is written to HRIFG when HRIFG = 1
3 MNIFG —/(0)*'  R/(W)** [Setting condition]

When a minute periodic interrupt occurs

[Clearing condition]

0 is written to MNIFG when MNIFG = 1
2 1SEIFG ~ —/(0)*"  R/(W)** [Setting condition]

When a one-second periodic interrupt occurs
[Clearing condition]
0 is written to 1SEIFG when 1SEIFG = 1
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Initial
Bit Bit Name Value R/W Description
1 05SEIFG  —/(0)*' R/(W)** [Setting condition]

When a 0.5-second periodic interrupt occurs
[Clearing condition]
0 is written to 05SEIFG when 05SEIFG = 1
0 025SEIFG —/(0)*'  R/(W)** [Setting condition]
When a 0.25-second periodic interrupt occurs

[Clearing condition]
0 is written to 025SEIFG when 025SEIFG = 1

Notes: 1. Initial value after a reset caused by the RST bit in RTCCR1.
2. Only 0 can be written to clear the flag.
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114  Operation

11.4.1  Initial Settings of Registers after Power-On

The RTC registers that store second, minute, hour, and day-of-week data, control registers, and
interrupt registers are not reset by aRES input, or by areset source caused by awatchdog timer.
Therefore, al registers must be set to their initial values after power-on. Once the register setting
are made, the RTC provides an accurate time as long as power is supplied regardless of aRES
input.

11.4.2 Initial Setting Procedure

Figure 11.3 shows the procedure for the initial setting of the RTC. To set the RTC again, also
follow this procedure.

| RUNinRTCCR1=0 |
|

| RST in RTCCR1 =1 | RTC registers and clock count
| controller are reset.

| RsTinRTCCR1=0 |
|

RTC operation is stopped.

|

Set RTCCSR, RSECDR, Clock output and clock source are
RMINDR, RHRDR, selected and seconq, minute, hour,
RWKDR, 12/24 in day-of-week, operating mode, and
RTCCR1, and PM a.m/p.m are set.
I .
RUNin RTCCR1 =1 | :| RTC operation is started.

Figure11.3 Initial Setting Procedure
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11.4.3 DataReading Procedure

When the seconds, minutes, hours, or day-of-week datum is updated while time datais being read,
the data obtained may not be correct, and so the time data must be read again. Figure 11.4 shows
an example in which correct datais not obtained. In this example, since only RSECDR is read
after data update, about 1-minute inconsistency occurs.

To avoid reading in thistiming, the following processing must be performed.

1. Check the setting of the BSY bit, and when the BSY bit changes from 1 to O, read from the
second, minute, hour, and day-of-week registers. When about 62.5 msis passed after the BSY
bit is set to 1, the registers are updated, and the BSY bit is cleared to 0.

2. When INT in RTCCRL1 iscleared to 0 and an interrupt is used, read from the second, minute,
hour, and day-of-week registers after the relevant flag in RTCFLG is set to 1 and the BSY hit
is confirmed to be 0.
When INT in RTCCRL1 is set to 1 and an interrupt is used, read from the second, minute, hour,
and day-of-week registers after the relevant flag in RTCFLG is set to 1.

3. Read from the second, minute, hour, and day-of-week registerstwice in arow, and if thereis
no change in the read data, the read datais used.

Before update RWKDR = H'03, RHDDR = H'13, RMINDR = H'46, RSECDR = H'59
BSY bit=0

(1) Day-of-week data register read H'03
(2) Hour data register read H'13
(3) Minute data register read H'46

Processing flow

BSY bit -> 1 (under data update)
After update RWKDR = H'03, RHDDR = H'13, RMINDR = H'47, RSECDR = H'00
BSY bit-> 0
v

(4) Second data register read H'00

Figure11.4 Example: Reading of Inaccurate Time Data
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11.5 Interrupt Sources

There are eight kinds of RTC interrupts: afree-running counter overflow, week interrupt, day
interrupt, hour interrupt, minute interrupt, one-second interrupt, 0.5-second interrupt, and 0.25-
second interrupt.

When using an interrupt, set the IENRTC (RTC interrupt request enable) bit in IENR1 to 1 last
after other registers are set.

When an interrupt request of the RTC occurs, the corresponding flag in RTCFLG is set to 1. When
clearing the flag, write O.

Table11.2 Interrupt Sources

Interrupt Name Interrupt Source Interrupt Enable Bit

Overflow interrupt Occurs when the free running counter is FOIE
overflowed.

Week periodic interrupt Occurs every week when the day-of-week date WKIE
register value becomes 0.

Day periodic interrupt Occurs every day when the day-of-week date DYIE
register is counted.

Hour periodic interrupt Occurs every hour when the hour date register HRIE
is counted.

Minute periodic interrupt Occurs every minute when the minute date MNIE
register is counted.

One-second periodic Occurs every second when the one-second 1SEIE

interrupt date register is counted.

0.5-second periodic Occurs every 0.5 seconds. O05SEIE

interrupt

0.25-second periodic Occurs every 0.25 seconds. 025SEIE

interrupt
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11.6  Usage Notes

11.6.1 Noteon Clock Count

The subclock must be connected to the 32.768-kHz resonator. When the 38.4-kHz resonator €etc. is
connected, the correct time count is not possible.

11.6.2 Notewhen Using RTC Interrupts

The RTC registers are not reset by aRES input, power-on, or overflow of the watchdog timer, and
their values are undefined after power-on.

When using RTC interrupts, make sure to initialize the values before setting the IENRTC bit in
IENR1to 1.
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Section 12 Watchdog Timer

This LSI incorporates the watchdog timer (WDT). The WDT is an 8-bit timer that can generate an
internal reset signal if a system crash prevents the CPU from writing to the timer counter, thus
alowing it to overflow.

When this watchdog timer function is not needed, the WDT can be used as an interval timer. In
interval timer operation, an interval timer interrupt is generated each time the counter overflows.

12.1 Features
The WDT features are described below.

e Selectable from eleven counter input clocks
Ten internal clock sources (¢/64, ¢/128, ¢/256, ¢/512, ¢p/1024, $/2048, $/4096, $/8192, ¢,,/16,
and ¢,,/256) or the on-chip oscillator (R,./2048) can be selected as the timer-counter clock.
e Watchdog timer mode
If the counter overflows, thisLS| isinternally reset.
e Interval timer mode
If the counter overflows, an interval timer interrupt is generated.

e Use of module standby mode enables this module to be placed in standby mode independently
when not used. (The WDT is operating as the initial value. For details, refer to section 5.4,
Module Standby Function.)
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Figure 12.1 shows ablock diagram of the WDT.

—| TMWD I<—>

On-chip Rose TCSRWD1 < >
oscillator

o—]  Pss %M-» TCWD B "
T—{ TCSRWD2 | -

Y

Internal data bus

[¢,/16 or ¢,/256]

Internal reset signal or

Interrupt/reset control . :
interrupt request signal

Y

[Legend]

TCSRWD1: Timer control/status register WD1
TCSRWD2: Timer control/status register WD2
TCWD: Timer counter WD

TMWD: Timer mode register WD

PSS: Prescaler S

Figure12.1 Block Diagram of Watchdog Timer

12.2  Register Descriptions
The watchdog timer has the following registers.

e Timer control/status register WD1 (TCSRWD1)
e Timer control/status register WD2 (TCSRWD?2)
e Timer counter WD (TCWD)

e Timer mode register WD (TMWD)
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1221 Timer Control/Status Register WD1 (TCSRWD1)

TCSRWD1 performsthe TCSRWD1 and TCWD write control. TCSRWD1 also controls the
watchdog timer operation and indicates the operating state. TCSRWD1 must be rewritten by using
the MOV instruction. The bit manipulation instruction cannot be used to change the setting value.

Initial
Bit Bit Name Value R/W

Description

7 B6WI 1 R/W

Bit 6 Write Inhibit

The TCWE bit can be written only when the write value of
the B6WI bit is 0.

This bit is always read as 1.

6 TCWE 0 R/W

Timer Counter WD Write Enable
TCWD can be written when the TCWE bit is set to 1.

When writing data to this bit, the write value for bit 7 must
be 0.

5 B4wI 1 R/W

Bit 4 Write Inhibit

The TCSRWE bit can be written only when the write
value of the B4WI bit is 0. This bit is always read as 1.

4 TCSRWE 0 R/W

Timer Control/Status Register WD Write Enable

The WDON and WRST bits can be written when the
TCSRWE bit is set to 1.

When writing data to this bit, the write value for bit 5 must
be 0.

3 B2wI 1 R/W

Bit 2 Write Inhibit

The WDON bit can be written only when the write value
of the B2WI bit is 0. This bit is always read as 1.
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Bit

Bit Name

Initial
Value

R/W

Description

2

WDON

1

R/W

Watchdog Timer On

TCWD starts counting up when the WDON bit is set to 1
and halts when the WDON bit is cleared to 0.

[Setting condition]

e When 1 is written to the WDON bit and 0 to the B2WI
bit while the TCSRWE bit is 1

e Reset by RES pin

[Clearing conditions]

e When 0 is written to the WDON bit and 0 to the B2WI
bit while the TCSRWE bit is 1

1

BOwI

1

R/W

Bit 0 Write Inhibit

The WRST bit can be written only when the write value of
the BOWI bit is 0. This bit is always read as 1.

0

WRST

0

R/W

Watchdog Timer Reset

Indicates whether a reset caused by the watchdog timer
is generated. This bit is not cleared by a reset caused by
the watchdog timer.

[Setting condition]

When TCWD overflows and an internal reset signal is
generated

[Clearing conditions]

e Reset by RES pin

e When 0 is written to the WRST bit and 0 to the BOWI
bit while the TCSRWE bit is 1
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1222 Timer Control/Status Register WD2 (TCSRWD2)

TCSRWD2 performs the TCSRWD2 write control, mode switching, and interrupt control.
TCSRWD2 must be rewritten by using the MOV instruction. The bit manipulation instruction
cannot be used to change the setting value.

Initial

Bit Bit Name Value R/W Description

7 OVF 0 R/(W)*' Overflow Flag
Indicates that TCWD has overflowed (changes from H'FF
to H'00).
[Setting condition]
When TCWD overflows (changes from H'FF to H'00)
When internal reset request generation is selected in
watchdog timer mode, this bit is cleared automatically by
the internal reset after it has been set.
[Clearing condition]
e When TCSRWD?2 is read when OVF = 1, then O is

written to OVF

6 B5WI 1 R/(W)** Bit 5 Write Inhibit
The WT/IT bit can be written only when the write value of
the B5WI bit is 0. This bit is always read as 1.

5 WTAT 0 R/(W)** Timer Mode Select
Selects whether the WDT is used as a watchdog timer or
interval timer.
0: Watchdog timer mode
1: Interval timer mode

4 B3WI 1 R/(W)** Bit 3 Write Inhibit
The IEOVF bit can be written only when the write value of
the B3WI bit is 0. This bit is always read as 1.

3 IEOVF 0 R/(W)** Overflow Interrupt Enable

Enables or disables an overflow interrupt request in
interval timer mode.

0: Disables an overflow interrupt
1: Enables an overflow interrupt
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Initial
Bit Bit Name Value R/W Description
2to0 — All 1 — Reserved

These bits are always read as 1.

Notes: 1. Only 0 can be written to clear the flag.

2. Write operation is necessary because this bit controls data writing to other bit. This bit is
always read as 1.

3. Writing is possible only when the write conditions are satisfied.

12.2.3 Timer Counter WD (TCWD)

TCWD is an 8-hit readable/writable up-counter. When TCWD overflows from H'FF to H'00, the
internal reset signal is generated and the WRST bit in TCSRWD1 isset to 1. TCWD isinitialized
to H'00.
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12.24 Timer Mode Register WD (TMWD)

TMWD selects the input clock.

Initial
Bit Bit Name Value R/W Description
7104 — All 1 — Reserved

These bits are always read as 1.

3 CKS3 0 R/W Clock Select 3t0 0
2 CKS2 0 R/W Select the clock to be input to TCWD.
1 CKs1 0 R/W  00xx: On-chip oscillator: counts on R, /2048
0 CKSO0 0 R/W  0100: Internal clock: counts on ¢,,/16

0101: Internal clock: counts on ¢,/256
011x: Reserved

1000: Internal clock: counts on ¢/64
1001: Internal clock: counts on ¢/128
1010: Internal clock: counts on ¢/256
1011: Internal clock: counts on ¢/512
1100: Internal clock: counts on ¢/1024
1101: Internal clock: counts on ¢/2048
1110: Internal clock: counts on ¢/4096
1111: Internal clock: counts on $8192

For the on-chip oscillator overflow periods, see section
21, Electrical Characteristics.

In active (medium-speed), sleep (medium-speed),
subactive, and subsleep modes, the 00xx value and the
interval timer mode cannot be set simultaneously.

In subactive and subsleep modes, when the subclock
frequency is ¢,/8, the 010x value and the interval timer
mode cannot be set simultaneously.

[Legend] x: Don't care.
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12.3  Operation

12.31 Watchdog Timer Mode

The watchdog timer is provided with an 8-hit up-counter. To use it as the watchdog timer, clear
the WT/IT bit in TCSRWD2 to 0. (To write the WT/IT bit, two write accesses are required.) If 1is
written to the WDON bit and O to the B2WI bit simultaneously when the TCSRWE bit in
TCSRWD1 isset to 1, TCWD begins counting up. (To operate the watchdog timer, two write
accessesto TCSRWD1 are required.) When a clock pulse isinput after the TCWD count value has
reached H'FF, the watchdog timer overflows and an internal reset signal is generated. Theinternal
reset signal is output for a period of 512 clock cycles by the on-chip oscillator (R...). TCWD isa
writable counter, and when avalueis set in TCWD, the count-up starts from that value. An
overflow period in the range of 1 to 256 input clock cycles can therefore be set, according to the
TCWD set value.

Figure 12.2 shows an example of watchdog timer operation.

Example: With 30-ms overflow period when ¢ = 4 MHz

4% 10°
8192

x 30 x 1078 = 14.6

Therefore, 256 — 15 = 241 (H'F1) is set in TCWD.

TCWD overflow

TCWD
count value

B R

H'F1 written H'F1 written to TCWD Reset generated
to TCWD

Internal reset I_l
signal
- >
512 clock cycles by R,

Figure12.2 Example of Watchdog Timer Operation
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12.3.2 Interval Timer Mode

Figure 12.3 shows the operation in interval timer mode. To use the WDT as an interval timer, set
the WT/IT bitin TCSRWD2to 1.

When the WDT isused as an interval timer, an interval timer interrupt request is generated each
time the TCWD overflows. Therefore, an interval timer interrupt can be generated at intervals.

TCWD
count value
H'00
WT/T =1 Interval timer Interval timer Interval timer Interval timer Interval timer
interrupt interrupt interrupt interrupt interrupt

request generated request generated request generated request generated request generated

Figure12.3 Interval Timer Mode Operation

12.3.3 Timing of Overflow Flag (OVF) Setting

Figure 12.4 shows the timing of the OVF flag setting. The OVF flag in TCSRWD2 isset to 1 if
TCWD overflows. At the sametime, areset signal is output in watchdog timer mode and an
interval timer interrupt is generated in interval timer mode.

o i I I I

TCWD HFF X H'00
Overflow signal | |
OVF

Figure12.4 Timing of OVF Flag Setting
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124  Interrupt

During interval timer mode operation, an overflow generates an interval timer interrupt. The
interval timer interrupt is requested whenever the OVF flagisset to 1in TCSRWD2. The OVF
flag must be cleared to 0 in the interrupt handling routine.

125  Usage Notes

125.1 Switching between Watchdog Timer Mode and Interval Timer Mode

If modes are switched between watchdog timer and interval timer, while the WDT is operating, an
error may occur in the count value. Software must stop the watchdog timer (by clearing the
WDON hit to 0) before switching modes.

125.2 Module Standby Mode Control

The WDCKSTP hit in CKSTPR2 isvalid when the WDON bit in the timer control/status register
WD1 (TCSRWD1) is cleared to 0. The WDCKSTP hit can be cleared to 0 while the WDON bit is
set to 1 (while the watchdog timer is operating). However, the watchdog timer does not enter
modul e standby mode but continues operating. When the WDON bit is cleared to 0 by software
after the watchdog timer stops operating, the WDCKSTP bit isvalid at the same time and the
watchdog timer enters module standby mode.

1253 Clearingthe WT/IT or IEOVF Bit in TCSRWD2t0 0

When clearing the WT/IT or IEOVF bit in the timer control/status register WD2 (TCSRWD?2) to
0, the corresponding bit may not be cleared to 0 depending on the program address. In particular,
if lower two bitsin the address of the MOV .B instruction to transfer avalueto TCSRWD2 are
B'10, the WT/IT or IEOVF bit is successfully cleared to 0, whereas if lower two bitsin the address
are B'00, the WT/IT or IEOVF bit may not be cleared to 0. To avoid this failure, make sure to use
the assembly program shown in table 12.1, when clearing the WT/IT or IEOVF bit to 0. Specify
TCSRWD?2 by the 8-hit absolute address, and LABEL by the 16-bit absolute address. Don't
change nor add instructions. The value of "xx" in line 1 and line 4 must be set according to table
12.2. Usean arbitrary 8-bit general register for Rn and Rm. In addition, Addressl in table 12.1
shows an example when the WT/IT or IEOVF bit is cleared to 0 successfully by the MOV.B
instruction in line 2. Address2 in table 12.1 shows an example when the WT/IT or IEOVF bit fails
to be cleared to 0 by the MOV .B instruction in line 2, but cleared to 0 by the MOV .B instruction
inline6.
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Table12.1 Assembly Program for Clearing WT/IT or IEOVF Bit to 0

Addressl Address2 Assembly Program

H'00A0 H'0232 MOV.B #H'xx,Rn

H'00A2 H'0234 MOV.B Rn,@TCSRWD2:8 ; Clear success in case of Address1
and failure in case of Address2

H'00A4 H'0236 MOV.B @TCSRWD2:8,Rm ; TCSRWD2 read

H'00A6 H'0238 AND.B #H'xx,Rm ; Judgment of clear

H'00A8 H'023A BEQ LABEL:16 ; Jumps to LABEL if it is a clear
success

H'00AC H'023E MOV.B Rn,@TCSRWD2:8 ; Clear success in case of Address2

H'O0AE  H'0240 LABEL NOP

Table12.2 TheValueof " xx"

Bit(s) Cleared to O The Value of "xx" in Line 1 The Value of "xx" in Line 4

Both WT/IT and IEOVF 07 28

Only WTAT 17 20

Only IEOVF 47 08
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Section 13 Asynchronous Event Counter (AEC)

The asynchronous event counter (AEC) is an event counter that isincremented by external event
clock or internal clock input. Figure 13.1 shows a block diagram of the asynchronous event
counter.

13.1 Features

e Can count asynchronous events
Can count external events input asynchronously without regard to the operation of system
clocks (¢) or subclocks (dg,.)-

e Can be used as two-channel independent 8-bit event counter or single-channel independent 16-
bit event counter.

e Event/clock input is enabled when IRQAEC goes high or event counter PWM output
(IECPWM) goes high.

e Bothrising and falling edge sensing can be used for IRQAEC or event counter PWM output
(IECPWM) interrupts. When the asynchronous counter is not used, they can be used as
independent interrupts.

e When an event counter PWM is used, event clock input enabling/disabling can be controlled at
aconstant cycle.
An event counter PWM can be output to the AECPWM pin.

e Selection of four clock sources
Three internal clocks (¢/2, $/4, or ¢/8) or external event can be selected.

e Bothrising and falling edge counting is possible for the AEVL and AEVH pins.

e Counter resetting and halting of the count-up function can be controlled by software.

e Automatic interrupt generation on detection of an event counter overflow

e Use of module standby mode enables this module to be placed in standby mode independently
when not used. (The asynchronous event counter is halted astheinitial value. For details, refer
to section 5.4, Module Standby Function.)
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—IRREC _~_

A A |
0/2 \
o/4, o/8 |z| —
ECH -
v OVH (8 bits)  CK <—|
Edge sensing :| }
AEVH circuit > L/
T— ovL ECL >
(8 bits) ¢k <—| é
Y ™\ «
Edge sensing > ’:' ) ks
AEVL—> circuit > ‘:;
IRQAEC > Edge sensing . To CPU interrupt 5
circuit "~ (IRREC2) £
A
AECPWM ?
=
E ECPWCR
O
w 4
y PWM waveform
= g—r generator
ow/16 >
/2, 0/4,
/8, /16,
/32, /64 ECPWDR
| AEGSR ||= >
NS
[Legend]
ECPWCR: Event counter PWM compare register ECL: Event counter L
ECPWDR: Event counter PWM data register ECCR: Event counter control register
AEGSR:  Input pin edge select register ECH: Event counter H
ECCSR: Event counter control/status register PSS: Prescalers

Figure13.1 Block Diagram of Asynchronous Event Counter
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13.2  Input/Output Pins

Table 13.1 shows the pin configuration of the asynchronous event counter.

Table13.1 Pin Configuration

Name Abbreviation 1/0 Function

Asynchronous event AEVH Input Event input pin for input to event counter H
input H

Asynchronous event AEVL Input Event input pin for input to event counter L
input L

Event input enable IRQAEC Input Input pin for interrupt enabling event input

interrupt input

Event counter PWM AECPWM Output Event counter PWM output pin
output

13.3  Register Descriptions

The asynchronous event counter has the following registers.

Event counter PWM compare register (ECPWCR)
Event counter PWM data register (ECPWDR)
Input pin edge select register (AEGSR)

Event counter control register (ECCR)

Event counter control/status register (ECCSR)
Event counter H (ECH)

Event counter L (ECL)

Rev. 3.00 May 15, 2007 Page 215 of 516
RENESAS REJ09B0152-0300



Section 13 Asynchronous Event Counter (AEC)

13.31 Event Counter PWM Compar e Register (ECPWCR)

ECPWCR sets the one conversion period of the event counter PWM waveform.

Initial
Bit Bit Name Value R/W Description
15 ECPWCR15 1 R/W  One Conversion Period of Event Counter PWM
14 ECPWCR14 1 Rw  Waveform N |
o EoPwonr 1w e ECPUNE Bt Ao s | e v
12 ECPWCR12 1 R/W  should not be modified.
11 ECPWCR11 1 R/W  When changing the conversion period, the event
o ECPwOmI0 1w e Pt ot o cerng e ECre
9 ECPWCR9 1 R/W
8 ECPWCR8 1 R/W
7 ECPWCR7 1 R/W
6 ECPWCR6 1 R/W
5 ECPWCR5 1 R/W
4 ECPWCR4 1 R/W
3 ECPWCR3 1 R/W
2 ECPWCR2 1 R/W
1 ECPWCR1 1 R/W
0 ECPWCRO 1 R/W
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13.3.2 Event Counter PWM Data Register (ECPWDR)

ECPWDR controls data of the event counter PWM waveform generator.

Initial
Bit Bit Name Value R/W Description
15 ECPWDR15 0 w Data Control of Event Counter PWM Waveform
14 ECPWDR14 0 w  Generator N .
o ECPwoRa 0w Ve EGPNE i ACsn e 1 o v
12 ECPWDR12 0 w should not be modified.
11 ECPWDR11 0 W When changing the conversion cycle, the event
o EGPWDRIO 0 W (et b tec iy kg e v
9 ECPWDR9 0 W The read value is undefined.
8 ECPWDR8 0 w
7 ECPWDR7 0 w
6 ECPWDR6 0 w
5 ECPWDR5 0 W
4 ECPWDR4 0 w
3 ECPWDR3 0 W
2 ECPWDR2 0 w
1 ECPWDR1 0 W
0 ECPWDRO 0 W
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13.3.3 Input Pin Edge Select Register (AEGSR)

AEGSR sdlectsrising, falling, or both edge sensing for the AEVH, AEVL, and IRQAEC pins, and
controls IRQAEC/IECPWM.
Initial
Bit Bit Name Value R/W  Description
7 AHEGSH1 0 R/W  AEC Edge Select H
6 AHEGSO 0 R/W  Select rising, falling, or both edge sensing for the AEVH
pin.
00: Falling edge on AEVH pin is sensed
01: Rising edge on AEVH pin is sensed

10: Both edges on AEVH pin are sensed
11: Setting prohibited

5 ALEGS1 0 R/W  AEC Edge Select L
4 ALEGSO 0 R/W  Select rising, falling, or both edge sensing for the AEVL
pin.
00: Falling edge on AEVL pin is sensed
01: Rising edge on AEVL pin is sensed
10: Both edges on AEVL pin are sensed
11: Setting prohibited

3 AIEGS1 0 R/W  IRQAEC Edge Select

2 AIEGSO0 0 R/W  Select rising, falling, or both edge sensing for the
IRQAEC pin.

00: Falling edge on IRQAEC pin is sensed

01: Rising edge on IRQAEC pin is sensed

10: Both edges on IRQAEC pin are sensed
11: Setting prohibited

1 ECPWME 0 R/W Event Counter PWM Enable

Controls operation of event counter PWM and selection
of IRQAEC.

0: AEC PWM halted, IRQAEC selected
1: AEC PWM enabled, IRQAEC not selected

0 — 0 R/W Reserved

Although this bit is readable/writable, only 0 should be
written to.
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13.34 Event Counter Control Register (ECCR)
ECCR controls the counter input clock and PWM clock.
Initial
Bit Bit Name  Value R/W Description
7 ACKH1 0 R/W AEC Clock Select H
6 ACKHO 0 R/W Select the clock used by ECH.
00: AEVH pin input
01: ¢/2
10: ¢/4
11: ¢/8
5 ACKLA1 0 R/W AEC Clock Select L
ACKLO 0 R/W Select the clock used by ECL.
00: AEVL pin input
01: ¢/2
10: ¢/4
11: ¢/8
3 PWCK2 0 R/W Event Counter PWM Clock Select
PWCK1 0 R/W Select the event counter PWM clock.
PWCKO 0 R/W 000: ¢/2
001: ¢/4
010: ¢/8
011: ¢/16
100: ¢/32
101: ¢/64
110: ¢,/16
111: Setting prohibited

When changing the event counter PWM clock, the
ECPWME bit in AEGSR must be cleared to 0 to stop
the PWM before rewriting this setting.

0 — 0 R/W Reserved

Although this bit is readable/writable, only 0 should be
written to.
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13.3.5 Event Counter Control/Status Register (ECCSR)

ECCSR controls counter overflow detection, counter resetting, and count-up function.

Initial
Bit Bit Name Value R/W

Description

7 OVH 0 R/W*

Counter Overflow H

This is a status flag indicating that ECH has overflowed.
[Setting condition]

When ECH overflows from H'FF to H'00

[Clearing condition]

When this bit is written to 0 after reading OVH = 1

6 OvL 0 R/W*

Counter Overflow L
This is a status flag indicating that ECL has overflowed.
[Setting condition]

When ECL overflows from H'FF to H'00 while CH2 is
setto 1

[Clearing condition]
When this bit is written to 0 after reading OVL = 1

Reserved

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

4 CH2 0 RW

Channel Select
Selects how ECH and ECL event counters are used

0: ECH and ECL are used together as a single-channel
16-bit event counter

1: ECH and ECL are used as two-channel 8-bit event
counter

3 CUEH 0 R/W

Count-Up Enable H
Enables event clock input to ECH.

0: ECH event clock input is disabled (ECH value is
retained)

1: ECH event clock input is enabled
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Bit

Initial
Bit Name Value R/W

Description

CUEL 0 RW

Count-Up Enable L
Enables event clock input to ECL.

0: ECL event clock input is disabled (ECL value is
retained)

1: ECL event clock input is enabled

CRCH 0 R/W

Counter Reset Control H
Controls resetting of ECH.
0: ECH is reset

1: ECH reset is cleared and count-up function is
enabled

CRCL 0 RW

Counter Reset Control L
Controls resetting of ECL.
0: ECL is reset

1: ECL reset is cleared and count-up function is
enabled

Note:

*

Only 0 can be written to clear the flag.
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13.3.6 Event Counter H (ECH)

ECH is an 8-hit read-only up-counter that operates as an independent 8-bit event counter. ECH
also operates as the upper 8-bit up-counter of a 16-bit event counter configured in combination
with ECL.

Initial
Bit Bit Name Value R/W  Description
7 ECH7 0 R Either the external asynchronous event AEVH pin, ¢/2,
6 ECH6 0 R ¢/4, or ¢/8, or the overflow signal from lower 8-bit
counter ECL can be selected as the input clock source.
5 ECH5 0 R ECH can be cleared to H'00 when the CRCH bit in
4 ECH4 0 R ECCSRis cleared to 0.
3 ECH3 0 R
2 ECH2 0 R
1 ECH1 0 R
0 ECHO 0 R

13.3.7 Event Counter L (ECL)

ECL is an 8-hit read-only up-counter that operates as an independent 8-bit event counter. ECL
also operates as the lower 8-bit up-counter of a 16-bit event counter configured in combination
with ECH.

Initial
Bit Bit Name Value R/W  Description
7 ECL7 0 R Either the external asynchronous event AEVL pin, ¢/2,
6 ECL6 0 R ¢/4, or ¢/8 can be selected as the input clock source.
ECL can be cleared to H'00 when the CRCL bit in
5 ECL5 0 R ECCSR is cleared to 0.
4 ECL4 0 R
3 ECL3 0 R
2 ECL2 0 R
1 ECLA 0 R
0 ECLO 0 R
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134  Operation

13.4.1 16-Bit Counter Operation
When bit CH2 iscleared to 0 in ECCSR, ECH and ECL operate as a 16-bit event counter.

Any of four input clock sources—¢/2, ¢/4, $/8, or AEVL pin input—can be selected by means of
bits ACKL1 and ACKLO in ECCR. When AEVL pininput is selected, input sensing is selected
with bits ALEGS1 and ALEGS0.

Note that the input clock is enabled when IRQAEC is high or IECPWM is high. When IRQAEC is
low or IECPWM islow, the input clock is not input to the counter, which therefore does not
operate. Figure 13.2 shows the software procedure when ECH and ECL are used as a 16-hit event

counter.

Clear CH2to 0
Set ACKL1, ACKLO, ALEGS1, and ALEGSO
Clear CUEH, CUEL, CRCH, and CRCL to 0

Clear OVH and OVL to O
Set CUEH, CUEL, CRCH, and CRCL to 1

Figure13.2 Software Procedurewhen Using ECH and ECL as 16-Bit Event Counter

AsCH2 iscleared to 0 by areset, ECH and ECL operate as a 16-bit event counter after areset,
and as ACKL1 and ACKLO are cleared to B’00, the operating clock is asynchronous event input
from the AEVL pin (using falling edge sensing).

When the next clock isinput after the count value reaches H'FF in both ECH and ECL, ECH and
ECL overflow from H'FFFF to H'0000, the OVH flagis set to 1 in ECCSR, the ECH and ECL
count values each return to H'00, and counting up is restarted. When an overflow occurs, the
IRREC bitissetto 1in IRR2. If the IENEC bit in IENR2 is 1 at thistime, an interrupt request is
sent to the CPU.
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13.4.2 8-Bit Counter Operation
When bit CH2 isset to 1 in ECCSR, ECH and ECL operate as independent 8-bit event counters.

§/2, /4, $/8, or AEVH pin input can be selected as the input clock source for ECH by means of
bits ACKH1 and ACKHO in ECCR, and ¢/2, ¢/4, $/8, or AEVL pininput can be selected as the
input clock source for ECL by means of bits ACKL1 and ACKLO in ECCR. Input sensing is
selected with bits AHEGS1 and AHEGS0 when AEVH pin input is selected, and with bits
ALEGSI and ALEGS0 when AEVL pin input is selected.

Note that the input clock is enabled when IRQAEC is high or IECPWM is high. When IRQAEC is
low or IECPWM islow, theinput clock is not input to the counter, which therefore does not
operate. Figure 13.3 shows the software procedure when ECH and ECL are used as 8-hit event

counters.

Set CH2to 1

Set ACKH1, ACKHO, ACKL1, ACKLO,
AHEGS1, AHEGSO, ALEGS1, and ALEGSO
Clear CUEH, CUEL, CRCH, and CRCL to 0

Clear OVH and OVL to 0
Set CUEH, CUEL, CRCH, and CRCL to 1

Figure 13.3 Softwar e Procedurewhen Using ECH and ECL as 8-Bit Event Counters

When the next clock isinput after the ECH count value reaches H'FF, ECH overflows, the OVH
flagissetto 1in ECCSR, the ECH count value returns to H'00, and counting up is restarted.
Similarly, when the next clock isinput after the ECL count value reaches H'FF, ECL overflows,
the OVL flagissetto 1 in ECCSR, the ECL count value returns to H'00, and counting up is
restarted. When an overflow occurs, the IRREC bit isset to 1 in IRR2. If the IENEC bit in IENR2
is1 at thistime, an interrupt request is sent to the CPU.
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13.4.3 IRQAEC Operation

When the ECPWME hit in AEGSR is 0, the ECH and ECL input clocks are enabled when
IRQAEC goes high. When IRQAEC goes low, the input clocks are not input to the counters, and
so ECH and ECL do not count. ECH and ECL count operations can therefore be controlled from
outside by controlling IRQAEC. In this case, ECH and ECL cannot be controlled individually.

IRQAEC can aso operate as an interrupt source.

Interrupt enabling is controlled by IENEC2 in IENRL. When an IRQAEC interrupt is generated,
interrupt request flag IRREC2 in IRR1isset to 1. If IENEC2 in IENR1isset to 1 at thistime, an
interrupt request is sent to the CPU.

Rising, falling, or both edge sensing can be selected for the IRQAEC input pin with bits AIEGS1
and AIEGS0 in AEGSR.

13.4.4 Event Counter PWM Operation

When the ECPWME bit in AEGSR is 1, the ECH and ECL input clocks are enabled when event
counter PWM output (IECPWM) is high. When IECPWM is low, the input clocks are not input to
the counters, and so ECH and ECL do not count. ECH and ECL count operations can therefore be
controlled cyclically by controlling event counter PWM. In this case, ECH and ECL cannot be
controlled individually.

IECPWM can also operate as an interrupt source.

Interrupt enabling is controlled by IENEC2 in IENRL. When an IECPWM interrupt is generated,
interrupt request flag IRREC2 in IRRLissetto 1. If IENEC2in IENR1isset to 1 at thistime, an
interrupt request is sent to the CPU.

Rising, falling, or both edge detection can be selected for IECPWM interrupt sensing with hits
AIEGS1 and AIEGS0 in AEGSR.
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Figure 13.4 and table 13.2 show examples of event counter PWM operation.

toff = T x (Ndr +1)

f—|

ton:  Clock input enable time
tof:  Clock input disable time

ton

>

|

[——]

<
¢

tem =T X (Nem +1)

tem:  One conversion period
T: ECPWM input clock cycle

Ndar:  Value of ECPWDR
Nem: Value of ECPWCR

Note:

Figure13.4 Event Counter Operation Waveform

Ndr and Ncm above must be set so that Ndr < Ncm. If the settings do not satisfy this
condition, event counter PWM output (IECPWM) isfixed low.

Table13.2 Examplesof Event Counter PWM Operation

Conditions:

fose =4 MHz, fd = 4 MHz, f,, = 32.768 kHz, f¢,, = 32.768 kHz, high-speed

active mode, ECPWCR value (Ncm) = H'7A11, ECPWDR value (Ndr) = H'16E3

Clock Clock

Source Source ECPWCR Value ECPWDR toff =T x (Ndr tcm =T x (Ncm ton =tcm —
Selection Cycle (T)* (Ncm) Value (Ndr) +1) +1) toff

¢/2 0.5 ps H'7A11 H'16E3 2.93 ms 15.625 ms 12.695 ms
/4 1ps D'31249 D'5859 5.86 ms 31.25 ms 25.39 ms
¢/8 2 s 11.72 ms 62.5 ms 50.78 ms
/16 4 ps 23.44 ms 125.0 ms 101.56 ms
/32 8 us 46.88 ms 250.0 ms 203.12 ms
$/64 16 ps 93.76 ms 500.0 ms 406.24 ms
¢,/16 488 ps 2861.59 ms 15260.19 ms  12398.60 ms
Note: * toff minimum width
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1345 Operation of Clock Input Enable/Disable Function

The clock input to the event counter can be controlled by the IRQAEC pin when ECPWME in
AEGSR is0, and by the event counter PWM output, [IECPWM when ECPWME in AEGSR is 1.
As this function forcibly terminates the clock input by each signal, amaximum error of one count
will occur depending on the IRQAEC or IECPWM timing. Figure 13.5 shows an example of the

operation.

— L

Input event

IRQAEC or

- L

IECPWM

Actually counted

=}

Edge generated by clock retur

clock source

ik

\

Counter value Nx N+1 X

N+2

N+3 X

Clock stopped

Figure 13.5 Example of Clock Control Operation
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13.5 Operating States of Asynchronous Event Counter
The operating states of the asynchronous event counter are shown in table 13.3.

Table13.3 Operating States of Asynchronous Event Counter

Active Sleep Oscillation Stabilization Time

Standby  Subsleep Watch

Clock High- Medium  High- Medium- Sub- Sub- to to to
Counter Source speed -speed speed speed Watch active sleep Standby Active Active Active Remarks
ECH, AEVH, o o o o o o o o o o o !
ECL AEVL

/2, /4, o o o o x x x x x X X

¢/8
PWM owW/16 o o o o o o o x x o o *2

o2, o/4, o o o o x x x x x x x

/8,

¢/16,

/32,

/64

[Legend] o: Counting enabled
x: Counting disabled (Counter value retained)
Notes: 1. The count-up function is enabled only when IRQAEC/IECPWM = 1.

2. Outputis in the high-impedance state during standby mode or the oscillation
stabilization time from standby mode.
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13.6  Usage Notes

1.

When reading the valuesin ECH and ECL, first clear bits CUEH and CUEL to 0in ECCSR in
8-hit mode and clear bit CUEL to 0 in 16-bit mode to prevent asynchronous event input to the
counter. The correct value will not be returned if the event counter increments while being
read.

For input to the AEVH and AEVL pins, use aclock with afrequency of up to 4.2 MHz within
the range from 1.8 to0 3.6 VV and up to 10 MHz within the range from 2.7 to 3.6 V. For the high
and low widths of the clock, see section 21, Electrical Characteristics. The duty cycleis
arbitrary.

Table13.4 Maximum Clock Frequency

Maximum Clock Frequency

Mode Input to AEVH/AEVL Pin
Active (high-speed), sleep (high-speed) 41010 MHz (2.7t0 3.6 V)

210 4.2 MHz (1.8 t0 3.6 V)
Active (medium-speed), sleep (medium-speed) (bosc/B) 2+ foge

($0so/16) foss

fosc =4 MHz to 10 MHz (2.7 to 3.6 V) (doscf32) 172 - figo
fosc =2 MHz t0 4.2 MHz (1.8 t0 3.6 V) ($os/64) 1/4 - fooo
Watch, subactive, subsleep, standby (9y,) 2000 kHz

(4,/2) 1000 kHz
(6,/4) 500 kHz

¢,, = 32.768 kHz or 38.4 kHz (4,/8) 250 kHz

When AEC uses with 16-bit mode, set CUEH in ECCSR to 1 first, set CRCH in ECCSR to 1
second, or set both CUEH and CRCH to 1 at same time before clock input. When AEC is
operating on 16-bit mode, do not change CUEH. Otherwise, ECH will be miscounted up.
When ECPWME in AEGSR is 1, the event counter PWM is operating and therefore ECPWCR
and ECPWDR should not be modified.

When changing the data, clear the ECPWME bit in AEGSR to O (halt the event counter PWM)
before modifying these registers.

The event counter PWM data register and event counter PWM compare register must be set so
that event counter PWM data register < event counter PWM compare register. If the settings
do not satisfy this condition, do not set ECPWME to 1 in AEGSR.
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6. Assynchronization is established internally when an IRQAEC interrupt is generated, a
maximum error of 1 tcyc or 1tsubcyc will occur between clock halting and interrupt
acceptance.

7. When pinsin port 1 are used for AEC input/output, the PFCR and PMRL1 registers should be
set in the following order.

a. Set the PFCR register.
b. Set bits4 to 0 after bit 5 (IRQAEC hit) in the PMRL register has been cleared to 0.

c. Setbit 5 (IRQAEC hit) inthe PMR1 register to 1. At thistime, bits 4 to 0 should not be
changed and remain the same.
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Section 14 Serial Communication Interface 3 (SCI3, I[rDA)

The serial communication interface 3 (SCI3) can handle both asynchronous and clock
synchronous serial communication. In the asynchronous method, serial data communication can
be carried out using standard asynchronous communication chips such as a Universal
Asynchronous Receiver/Transmitter (UART) or an Asynchronous Communication Interface
Adapter (ACIA).

The SCI3 can transmit and receive IrDA communication waveforms based on the Infrared Data
Association (IrDA) standard version 1.0.

141  Features

e Choice of asynchronous or clock synchronous serial communication mode
o Full-duplex communication capability

The transmitter and receiver are mutually independent, enabling transmission and reception to
be executed simultaneously.

Double-buffering is used in both the transmitter and the receiver, enabling continuous
transmission and continuous reception of serial data.

e On-chip baud rate generator alows any hit rate to be selected

e On-chip baud rate generator, internal clock, or external clock can be selected as atransfer
clock source.

e Six interrupt sources

Transmit-end, transmit-data-empty, receive-data-full, overrun error, framing error, and parity
error.

e Use of module standby mode enables this module to be placed in standby mode independently
when not used. (The SCI3 is halted asthe initial value. For details, refer to section 5.4, Module
Standby Function.)

Asynchronous mode

e Datalength: 7, 8, or 5 bits
e Stop bit length: 1 or 2 bits
e Parity: Even, odd, or none
e Receive error detection: Parity, overrun, and framing errors

e Break detection: Break can be detected by reading the RXD3 pin level directly in the case of a
framing error
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Clock synchronous mode

e Datalength: 8 bits
e Receive error detection: Overrun errors detected

Note: When using serial communication interface 3, the system clock oscillator or subclock
oscillator must be used.

Figure 14.1 shows a block diagram of the SCI3.

External clock . Internal clock
SCK3 o Baud rate generator (0/64, 6/16, 0w, ¢)
BRC3 ‘—l BRR3 |'—>
Clock

4—| SEMR |<—>
Transmit/receive SMR3 é
control circuit o
SCR3 g
| T
SSR3 s
! [ £

I TSR3 ~— TOR3 e

1
I RSR3 - RoRs |
SPCR
TXD3 O-—
IrCR
RXD3 O— Interrupt request
(TEI3, TXI3, RXI3, ERI3)
[Legend]

RSR3: Receive shift register 3
RDR3: Receive data register 3
TSR3: Transmit shift register 3
TDR3: Transmit data register 3
SMRS3: Serial mode register 3
SCR3: Serial control register 3
SSR3: Serial status register 3
BRR3: Bit rate register 3

BRC3: Bit rate counter 3

SPCR: Serial port control register
IrCR: IrDA control register
SEMR: Serial extended mode register

Figure14.1 Block Diagram of SCI3
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14.2  Input/Output Pins

Table 14.1 shows the pin configuration of the SCI3.

Table14.1 Pin Configuration

Pin Name Abbreviation I/O Function

SCI3 clock SCK3 I/0 SCI3 clock input/output
SCI3 receive data input RXD3 Input SCI3 receive data input
SCI3 transmit data output TXD3 Output SCI3 transmit data output

14.3 Register Descriptions

The SCI3 has the following registers for each channel.

Receive shift register 3 (RSR3)*
Receive dataregister 3 (RDR3)*
Transmit shift register 3 (TSR3)*
Transmit dataregister 3 (TDR3)*
Serial mode register 3 (SMR3)*
Serial control register 3 (SCR3)*
Seria statusregister 3 (SSR3)*
Bit rate register 3 (BRR3)*

Serial port control register (SPCR)
IrDA control register (IrCR)

Serial extended mode register (SEMR)

Note: * Theseregister names are abbreviated to RSR, RDR, TSR, TDR, SMR, SCR, SSR, and

BRR in the text.
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1431 Receive Shift Register (RSR)

RSR is a shift register that receives serial data input from the RXD3 pin and convertsit into
parallel data. When one byte of data has been received, it istransferred to RDR automatically.
RSR cannot be directly accessed by the CPU.

14.3.2 Receive Data Register (RDR)

RDR is an 8-hit register that stores receive data. When the SCI3 has received one byte of serial
data, it transfers the received serial datafrom RSR to RDR, where it is stored. After this, RSR is
receive-enabled. As RSR and RDR function as a double buffer in thisway, continuous receive
operations are possible. After confirming that the RDRF bit in SSR is set to 1, read RDR only
once. RDR cannot be written to by the CPU. RDR isinitialized to H'00.

RDR isinitialized to H'00 by areset or in standby mode, watch mode, or module standby mode.

14.3.3 Transmit Shift Register (TSR)

TSR is ashift register that transmits serial data. To perform seria data transmission, the SCI3 first
transfers transmit data from TDR to TSR automatically, then sends the data that starts from the
LSB to the TXD3 pin. Datatransfer from TDR to TSR is not performed if no data has been
written to TDR (if the TDRE bit in SSR is set to 1). TSR cannot be directly accessed by the CPU.

1434 Transmit Data Register (TDR)

TDR isan 8-bit register that stores data for transmission. When the SCI3 detects that TSR is
empty, it transfers the transmit data written in TDR to TSR and starts transmission. The double-
buffered structure of TDR and TSR enables continuous seria transmission. If the next transmit
data has already been written to TDR during transmission of one-frame data, the SCI3 transfers
the written datato TSR to continue transmission. To achieve reliable seria transmission, write
transmit data to TDR only once after confirming that the TDRE bit in SSRissetto 1. TDRis
initialized to H'FF.

TDRisinitialized to H'FF by areset or in standby mode, watch mode, or module standby mode.

Rev. 3.00 May 15, 2007 Page 234 of 516
REJ09B0152-0300 RENESAS



Section 14 Serial Communication Interface 3 (SCI3, IrDA)

14.35 Serial Mode Register (SMR)

SMR sets the SCI3's serial communication format and selects the clock source for the on-chip

baud rate generator.

SMRisinitialized to H'00 by areset or in standby mode, watch mode, or modul e standby mode.

Initial

Bit Bit Name  Value R/W Description

7 COM 0 R/W Communication Mode
0: Asynchronous mode
1: Clock synchronous mode

6 CHR 0 R/W Character Length (enabled only in asynchronous mode)
0: Selects 8 or 5 bits as the data length.
1: Selects 7 or 5 bits as the data length.
When 7-bit data is selected. the MSB (bit 7) in TDR is
not transmitted. To select 5 bits as the data length, set
1 to both the PE and MP bits. The three most significant
bits (bits 7, 6, and 5) in TDR are not transmitted. In
clock synchronous mode, the data length is fixed to 8
bits regardless of the CHR bit setting.

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. In clock synchronous mode,
parity bit addition and checking is not performed
regardless of the PE bit setting.

Rev. 3.00 May 15, 2007 Page 235 of 518

RENESAS REJ09B0152-0300



Section 14 Serial Communication Interface 3 (SCI3, IrDA)

Bit

Bit Name

Initial
Value

R/W

Description

PM

0

R/W

Parity Mode (enabled only when the PE bitis 1 in
asynchronous mode)

0: Selects even parity.
1: Selects odd parity.

When even parity is selected, a parity bit is added in
transmission so that the total number of 1 bits in the
transmit data plus the parity bit is an even number, in
reception, a check is carried out to confirm that the
number of 1 bits in the receive data plus the parity bit is
an even number.

When odd parity is selected, a parity bit is added in
transmission so that the total number of 1 bits in the
transmit data plus the parity bit is an odd number, in
reception, a check is carried out to confirm that the
number of 1bits in the receive data plus the parity bit is
an odd number.

If parity bit addition and checking is disabled in clock
synchronous mode and asynchronous mode, the PM bit
setting is invalid.

3

STOP

0

R/W

Stop Bit Length (enabled only in asynchronous mode)
Selects the stop bit length in transmission.

0: 1 stop bit

1: 2 stop bits

For reception, only the first stop bit is checked,
regardless of the value in the bit. If the second stop bit
is 0, it is treated as the start bit of the next transmit
character.

MP

R/W

5-Bit Communication

When this bit is set to 1, the 5-bit communication format
is enabled. Make sure to set bit 5 (PF) to 1 when setting
this bit (MP) to 1.
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Initial
Bit Bit Name  Value R/W Description
1 CKSH1 0 R/W Clock Select 0 and 1
0 CKSO0 0 R/W These bits select the clock source for the on-chip baud

rate generator.

00: ¢ clock (n =0)
01: ¢,, clock (n =0)
10: ¢/16 clock (n = 2)
11: ¢/64 clock (n = 3)

When the setting value is 01 in subactive mode or
subsleep mode, the SCI3 can be used only when ¢,, is
selected for the CPU operating clock.

For the relationship between the bit rate register setting
and the baud rate, see section 14.3.8, Bit Rate Register
(BRR). n is the decimal representation of the value of n
in BRR (see section 14.3.8, Bit Rate Register (BRR)).

14.3.6 Serial Control Register (SCR)

SCR enables or disables SCI3 transfer operations and interrupt requests, and selects the transfer
clock source. For details on interrupt requests, refer to section 14.7, Interrupt Requests.

SCRisinitialized to H'00 by areset or in standby mode, watch mode, or module standby mode.

Initial
Bit Bit Name  Value R/W Description
7 TIE 0 R/W Transmit Interrupt Enable
When this bit is set to 1, the TXI3 interrupt request is
enabled. TXI3 can be released by clearing the TDRE it
or Tl bit to 0.
6 RIE 0 R/W Receive Interrupt Enable

When this bit is set to 1, the RXI3 and ERI3 interrupt
requests are enabled.

RXI3 and ERI3 can be released by clearing the RDRF
bit or the FER, PER, or OER error flag to 0, or by
clearing the RIE bit to 0.
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Initial

Bit Bit Name  Value R/W Description

5 TE 0 R/W Transmit Enable
When this bit is set to 1, transmission is enabled. When
this bit is 0, the TDRE bit in SSR is fixed at 1. When
transmit data is written to TDR while this bit is 1, Bit
TDRE in SSR is cleared to 0 and serial data
transmission is started. Be sure to carry out SMR
settings, and setting of bit SPC3 in SPCR, to decide the
transmission format before setting bit TE to 1.

4 RE 0 R/W Receive Enable
When this bit is set to 1, reception is enabled. In this
state, serial data reception is started when a start bit is
detected in asynchronous mode or serial clock input is
detected in clock synchronous mode. Be sure to carry
out the SMR settings to decide the reception format
before setting bit RE to 1.
Note that the RDRF, FER, PER, and OER flags in SSR
are not affected when bit RE is cleared to 0, and retain
their previous state

3 MPIE 0 R/W Reserved

2 TEIE 0 R/W Transmit End Interrupt Enable

When this bit is set to 1, the TEI3 interrupt request is
enabled. TEI3 can be released by clearing bit TDRE to
0 and clearing bit TEND to 0 in SSR, or by clearing bit
TEIE to 0.
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Initial
Bit Bit Name  Value R/W Description
1 CKEA1 0 R/W Clock Enable 0 and 1
0 CKEO 0 R/W Select the clock source.

Asynchronous mode:

00: Internal baud rate generator (SCKS pin functions as
an 1/O port)

01: Internal baud rate generator (Outputs a clock of the
same frequency as the bit rate from the SCK3 pin)

10: External clock (Inputs a clock with a frequency 16
times the bit rate from the SCK3 pin)

11: Reserved

Clock synchronous mode:

00: Internal clock (SCK3 pin functions as clock output)
01: Reserved

10: External clock (SCK3 pin functions as clock input)
11: Reserved
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1437 Serial Status Register (SSR)

SSR consists of status flags of the SCI3. 1 cannot be written to flags TDRE, RDRF, OER, PER,
and FER; they can only be cleared.

SSRisinitialized to H'84 by areset or in standby mode, watch mode, or modul e standby mode.

Bit Bit Name

Initial
Value

R/W

Description

7 TDRE

1

R/(W)* Transmit Data Register Empty

Indicates that transmit data is stored in TDR.

[Setting conditions]

e When the TE bitin SCRis 0

e When data is transferred from TDR to TSR
[Clearing conditions]

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

e When the transmit data is written to TDR

6 RDRF

0

R/(W)*

Receive Data Register Full

Indicates that the received data is stored in RDR.

[Setting condition]

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

[Clearing conditions]

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

When data is read from RDR

If an error is detected in reception, or if the RE bit in
SCR has been cleared to 0, RDR and bit RDRF are not
affected and retain their previous state.

Note that if data reception is completed while bit RDRF
is still set to 1, an overrun error (OER) will occur and
the receive data will be lost.
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Bit

Bit Name

Initial
Value

R/W

Description

OER

0

R/(W)*

Overrun Error

[Setting condition]

e When an overrun error occurs in reception
[Clearing condition]

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

When bit RE in SCR is cleared to 0, bit OER is not
affected and retains its previous state.

When an overrun error occurs, RDR retains the receive
data it held before the overrun error occurred, and data
received after the error is lost. Reception cannot be
continued with bit OER set to 1, and in clock
synchronous mode, transmission cannot be continued
either.

FER

R/(W)*

Framing Error

[Setting condition]

e When a framing error occurs in reception
[Clearing condition]

e When 0 is written to FER after reading FER = 1
When bit RE in SCR is cleared to 0, bit FER is not
affected and retains its previous state.

Note that, in 2-stop-bit mode, only the first stop bit is
checked for a value of 1, and the second stop bit is not
checked. When a framing error occurs, the receive data
is transferred to RDR but bit RDRF is not set.
Reception cannot be continued with bit FER setto 1. In
clock synchronous mode, neither transmission nor
reception is possible when bit FER is set to 1.

RENESAS
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Initial
Bit Bit Name  Value R/W Description
3 PER 0 R/(W)* Parity Error
[Setting condition]
e When a parity error is generated during reception
[Clearing condition]
e When 0 is written to PER after reading PER = 1
When bit RE in SCR is cleared to 0, bit PER is not
affected and retains its previous state.
e Receive data in which a parity error has occurred is
still transferred to RDR, but bit RDRF is not set.
Reception cannot be continued with bit PER set to
1. In clock synchronous mode, neither transmission
nor reception is possible when bit PER is set to 1.
2 TEND 1 R Transmit End
[Setting conditions]
e When the TE bitin SCRis 0
e When TDRE = 1 at transmission of the last bit of a
1-byte serial transmit character
[Clearing conditions]
e When 0 is written to TDRE after reading TDRE = 1
¢ When the transmit data is written to TDR
1 MPBR 0 R Reserved
This bit is always read as 0 and cannot be modified.
0 MPBT 0 R/W Reserved
The write value should always be 0.
Note: Only 0 can be written to clear the flag.
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14.3.8 Bit Rate Register (BRR)

BRR is an 8-hit readable/writable register that adjusts the bit rate. BRR isinitialized to H'FF.
Tables 14.2 and 14.3 show the relationship between the N setting in BRR and the n setting in bits
CKS1 and CKS0 in SMR in asynchronous mode. Table 14.5 shows the maximum bit rate for each
frequency in asynchronous mode. The values shown in these tables are values in active (high-
speed) mode. When the ABCS bit in SEMR is set to 1 in asynchronous mode, the maximum bit
ratein table 14.5 isdoubled. Table 14.6 shows the relationship between the N setting in BRR and
the n setting in bits CKS1 and CKS0 in SMR in clock synchronous mode. The values shown in
table 14.6 are valuesin active (high-speed) mode. The N setting in BRR and error for other
operating frequencies and bit rates can be obtained by the following formulas:

[Asynchronous Mode and ABCSBit is(]

N
32x22nx B

B (bit rate obtained from n, N, ¢) — R (bit rate in left-hand column in table 14.2)
Error (%) = x 100
R (bit rate in left-hand column in table 14.2)

[Asynchronous Mode and ABCSBit is 1]

_ ¢
16 x 22" x B

B (bit rate obtained from n, N, ¢) — R (bit rate in left-hand column in table 14.3)
R (bit rate in left-hand column in table 14.3)

Error (%) = x 100

[Legend]

B: Bit rate (bit/s)

N: BRR setting for baud rate generator (0 < N < 255)

o: Operating frequency (Hz)

n Baud rate generator input clock number (n=0, 2, or 3)
(Therelation between n and the clock is shown in table 14.4)
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Table14.2 Examplesof BRR Settingsfor Various Bit Rates (Asynchr onous M ode and
ABCSBIt is0) (1)

32.8 kHz 38.4 kHz 2 MHz 2.097152 MHz
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 —_ - — 0 10 -0.83 2 35 -1.36 2 36 0.64
150 0 6 —2.38 0 0.00 2 25 0.16 2 26 1.14
200 0 4 2.50 0 5 0.00 2 19 -2.34 2 19 2.40
250 0 3 2.50 —_ = — 0 249 0.00 2 15 2.40
300 —_ - — 0 3 0.00 0 207 0.16 0 217 0.21
600 _ = — 0 1 0.00 0 103 0.16 0 108 0.21
1200 —_ - — 0 0 0.00 0 51 0.16 0 54 -0.70
2400 _ = — _ = — 0 25 0.16 0 26 1.14
4800 —_ - — —_ - — 0 12 0.16 0 13 —2.48
9600 _ = — _ = = — — — 0 6 —2.48
19200 _ - — e — — — — — —
31250 _ = — _ = — 0 1 0.00 — — —
38400 —_ - — —_ - — — — — — — —

Table14.2 Examplesof BRR Settingsfor Various Bit Rates (Asynchronous M ode and
ABCSBItis0) (2)

2.4576 MHz 3 MHz 3.6864 MHz 4 MHz

Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 43 -0.83 2 52 0.50 2 64 0.70 2 70 0.03
150 2 31 0.00 2 38 0.16 2 47 0.00 2 51 0.16
200 2 23 0.00 2 28 1.02 2 35 0.00 2 38 0.16
250 2 18 1.05 2 22 1.90 2 28 —-0.69 2 30 0.81
300 0 255 0.00 2 19 —-2.34 2 23 0.00 2 25 0.16
600 0 127 0.00 0 155 0.16 0 191  0.00 0 207 0.16
1200 0 63 0.00 0 77 0.16 0 95 0.00 0 103 0.16
2400 0 31 0.00 0 38 0.16 0 47 0.00 0 51 0.16
4800 0 15 0.00 0 19 -2.34 0 23 0.00 0 25 0.16
9600 0 7 0.00 0 9 -2.34 0 11 0.00 0 12 0.16
19200 0 0.00 0 4 —-2.34 0 5 0.00 — — —
31250 — — — 0 2 0.00 — — — 0 3 0.00

|
|
|
o

38400 0 1 0.00 2 0.00 — — —
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Table14.2 Examplesof BRR Settingsfor Various Bit Rates (Asynchr onous M ode and
ABCSBIt is0) (3)

4.194304 MHz 4.9152 MHz 5 MHz 6 MHz

Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 73 0.64 2 86 0.31 2 88 -0.25 2 106 -0.44
150 2 54 -0.70 2 63 0.00 2 64 0.16 2 77 0.16
200 2 40 -0.10 2 47 0.00 2 48 —-0.35 2 58 —-0.69
250 2 32 -0.70 2 37 1.05 2 38 0.16 2 46 -0.27
300 2 26 1.14 2 31 0.00 2 32 -1.36 2 38 0.16
600 0 217 0.21 0 255 0.00 2 15 1.73 2 19 -2.34
1200 0 108 0.21 0 127 0.00 0 129 0.16 0 155 0.16
2400 0 54 -0.70 0 63 0.00 0 64 0.16 0 77 0.16
4800 0 26 1.14 0 31 0.00 0 32 -1.36 0 38 0.16
9600 0 13 —2.48 0 15 0.00 0 15 1.73 0 19 -2.34
19200 0 6 —2.48 0 0.00 0 1.73 0 -2.34
31250 — — — 0 -1.70 0 0.00 0 0.00
38400 — — — 0 0.00 0 1.73 0 -2.34

Table14.2 Examplesof BRR Settingsfor Various Bit Rates (Asynchronous M ode and
ABCSBIt is0) (4)

6.144 MHz 7.3728 MHz 8 MHz 9.8304 MHz 10 MHz
Bit Rate Error Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%) n N (%)
110 2 108 0.08 2 130 -0.07 2 141 0.03 2 174 026 2 177 -0.25
150 2 79 0.00 2 95 0.00 2 103 0.16 2 127 0.00 2 129 0.16
200 2 59 0.00 2 71 0.00 2 77 0.16 2 95 0.00 2 97 -035
250 2 47 0.00 2 57 -0.69 2 62 -0.79 2 76 -0.26 2 77 0.16
300 2 39 0.00 2 47 0.00 2 51 0.16 2 63 0.00 2 64 0.16
600 2 19 0.00 2 23 0.00 2 25 0.16 2 31 0.00 2 32 -1.36
1200 0 159 0.00 0 191 0.00 0 207 0.16 0 255 0.00 2 15 1.73
2400 0 79 0.00 0 95 0.00 0 103 0.16 0 127 0.00 0 129 0.16
4800 0 39 0.00 0 47 0.00 0 51 0.16 0 63 0.00 0 64 0.16
9600 0 19 0.00 0 23 0.00 0 25 0.16 0 31 0.00 0 32 -1.36
19200 0 0.00 0 11 0.00 0 12 0.16 0 15 0.00 0 15 1.73
31250 0 2.40 _ — - 0o 7 0.00 0o 9 -170 0 9 0.00
38400 0 0.00 0 5 0.00 _ - — o 7 0.00 0o 7 1.73
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Table14.3 Examplesof BRR Settingsfor Various Bit Rates (Asynchr onous M ode and

ABCSBIt is1) (1)

32.8 kHz 38.4 kHz 2 MHz 2.097152 MHz
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 0 18 -1.91 0 21 -0.83 2 70 0.03 2 73 0.64
150 0 13 -2.38 0 15 0.00 2 51 0.16 2 54 —0.70
200 0 9 2.50 0 11 0.00 2 38 0.16 2 40 —-0.10
250 0 7 2.50 _ = — 2 30 0.81 2 32 -0.70
300 0 6 —2.38 0 7 0.00 2 25 0.16 2 26 1.14
600 - - - 0 3 0.00 0 207 0.16 0 217 0.21
1200 —_ = = 0 1 0.00 0 103 0.16 0 108 0.21
2400 _ = = 0 0 0.00 0 51 0.16 0 54 -0.70
4800 _ = - _ = — 0 25 0.16 0 26 1.14
9600 - - - - - - 0 12 0.16 0 13 —2.48
19200 _ = = _ = - — — — 0 6 —2.48
31250 _ = — _ = — 0 3 0.00 — — —
38400 _ = - _ = - — — — — — —

Table14.3 Examplesof BRR Settingsfor Various Bit Rates (Asynchr onous M ode and

ABCSBitis1) (2)

2.4576 MHz 3 MHz 3.6864 MHz 4 MHz
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 86 0.31 2 106 -0.44 2 130 -0.07 2 141 0.03
150 2 63 0.00 2 77 0.16 2 95 0.00 2 103 0.16
200 2 47  0.00 2 58 -0.69 2 71 0.00 2 77 0.16
250 2 37 1.05 2 46 -0.27 2 57 -0.69 2 62 -0.79
300 2 31 0.00 2 38 0.16 2 47  0.00 2 51 0.16
600 0 255 0.00 2 19 -2.34 2 23 0.00 2 25 0.16
1200 0 127 0.00 0 155 0.16 0 191 0.00 0 207 0.16
2400 0 63 0.00 0 77 0.16 0 95 0.00 0 103 0.16
4800 0 31 0.00 0 38 0.16 0 47  0.00 0 51 0.16
9600 0 15 0.00 0 19 -2.34 0 23 0.00 0 25 0.16
19200 0 7 0.00 0 9 —2.34 0 11 0.00 0 12 0.16
31250 0 4 -1.70 0 5 0.00 — — — 0 7 0.00
38400 0 3 0.00 0 4 —2.34 0 5 0.00 — — —
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Table14.3 Examplesof BRR Settingsfor Various Bit Rates (Asynchr onous M ode and

ABCSBIt is1) (3)

4.194304 MHz 4.9152 MHz 5 MHz 6 MHz

Bit Rate Error Error Error Error
(bit/s) N (%) n N (%) n N (%) n N (%)
110 148 -0.04 2 174 -0.26 2 177 -0.25 2 212 0.03
150 108 0.21 2 127 0.00 2 129 0.16 2 155 0.16
200 81 -0.10 2 95 0.00 2 97 -0.35 2 116 0.16
250 65 -0.70 2 76 —0.26 2 77 0.16 2 93 -0.27
300 54 -0.70 2 63 0.00 2 64 0.16 2 77 0.16
600 26 1.14 2 31 0.00 2 32 -1.36 2 38 0.16
1200 217 0.21 0 255 0.00 2 15 1.73 2 19 —2.34
2400 108 0.21 0 127 0.00 0 129 0.16 0 155 0.16
4800 54 -0.70 0 63 0.00 0 64 0.16 0 77 0.16
9600 26 1.14 0 31 0.00 0 32 -1.36 0 38 0.16
19200 13 248 0 15 0.00 0 15 1.73 0 19 —2.34
31250 —_ — 0 9 -1.70 0 9 0.00 0 11 0.00
38400 6 -2.48 0 7 0.00 0 7 1.73 0 9 —2.34

Table14.3 Examplesof BRR Settingsfor Various Bit Rates (Asynchronous M ode and

ABCSBit is1) (4)

6.144 MHz 7.3728 MHz 8 MHz 9.8304 MHz 10 MHz
Bit Rate Error Error Error Error Error
(bit/s) (%) n N (%) n N (%) n N (%) n N (%)
110 217 0.08 3 64 0.70 3 70 0.03 3 86 0.31 3 88 -0.25
150 159 0.00 2 191 0.00 2 207 0.16 2 255 0.00 3 64 0.16
200 119 0.00 2 143 0.00 2 155 0.16 2 191 0.00 2 194 0.16
250 95 0.00 2 114 0.17 2 124 0.00 2 153 -026 2 155 0.16
300 79 000 2 95 0.00 2 103 0.16 2 127 0.00 2 129 0.16
600 39 0.00 2 47 0.00 2 51 0.16 2 63 0.00 2 64 0.16
1200 19 0.00 2 23 0.00 2 25 0.16 2 31 0.00 2 32 -1.36
2400 159 0.00 0 191 0.00 0 207 0.16 0 255 0.00 2 15 1.73
4800 79 000 O 95 0.00 0 103 0.16 0 127 0.00 0 129 0.16
9600 39 0.00 0 47 0.00 0 51 0.16 0 63 0.00 0 64 0.16
19200 19 000 O 23 0.00 0 25 0.16 0 31 0.00 0 32 -1.36
31250 240 0 14 -1.70 0 15 0.00 0 19 170 0 19 0.00
38400 0.00 0 11 0.00 0 12 0.16 0 15 0.00 0 15 1.73
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Table14.4 Relation between n and Clock

SMR Setting
n Clock CKS1 CKSO0
0 ) 0 0
0 dw* 0 1
2 /16 1 0
3 ¢/64 1 1
Note: * In subactive or subsleep mode, the SCI3 can be operated only when the CPU operating

clock is ¢,

Table14.5 Maximum Bit Rate for Each Frequency (Asynchronous M ode)

Maximum Bit Rate (bit/s) Setting
¢ (MHz) ABCS =0 ABCS =1 n N
0.0328* 1025 2050 0 0
0.0384* 1200 2400 0 0
2 62500 125000 0 0
2.097152 65536 131072 0 0
2.4576 76800 153600 0 0
3 93750 187500 0 0
3.6864 115200 230400 0 0
4 125000 250000 0 0
4.194304 131072 262144 0 0
4.9152 153600 307200 0 0
5 156250 312500 0 0
6 187500 375000 0 0
6.144 192000 384000 0 0
7.3728 230400 460800 0 0
8 250000 500000 0 0
9.8304 307200 614400 0 0
10 312500 625000 0 0

Note: * When CKS1 =0 and CKSO =1 in SMR
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Table14.6 BRR Settingsfor Various Bit Rates (Clock Synchronous M ode) (1)

¢ 32.8 kHz 38.4 kHz 2 MHz
Bit Rate (bit/s) n N Error (%) n N Error (%) n N Error (%)
200 0 40 0.00 0 47 0.00 2 155 0.16
250 0 32 -0.61 0 37 1.05 2 124 0.00
300 0 26 1.23 0 31  0.00 2 103 0.16
500 0 15 2.50 0 18 1.05 2 62 -0.79
1k 0 7 2.50 _ = — 2 30 0.81
2.5k —_ = — —_ = — 0 199 0.00
5k —_ = — —_ = — 0 99 0.00
10k — = — — = — 0 49 0.00
25k —_ = — —_ = — 0 19 0.00
50k — = — — = — 0 9 0.00
100k —_ = — —_ = — 0 0.00
250k —_ = — —_ = — 0 1 0.00
500k —_ = — —_ = — or 0* 0.00*
1M — - — —_ - — — - —

Note: * Continuous transmission/reception is not possible.
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Table14.6 BRR Settingsfor Various Bit Rates (Clock Synchronous M ode) (2)

¢ 4 MHz 8 MHz 10 MHz
Bit Rate (bit/s) n N Error (%) n N Error (%) n N Error (%)
200 3 77 0.16 3 155 0.16 3 194 0.16
250 2 249 0.00 3 124 0.00 3 155 0.16
300 2 207 0.16 3 103 0.16 3 129 0.16
500 2 124 0.00 2 249 0.00 3 77 0.16
1k 2 62 -0.79 2 124 0.00 2 155 0.16
2.5k 2 24 0.00 2 49 0.00 2 62 -0.79
5k 0 199 0.00 2 24 0.00 2 30 0.81
10k 0 99 0.00 0 199 0.00 0 249 0.00
25k 0 39 0.00 0 79 0.00 0 99 0.00
50k 0 19 0.00 0 39 0.00 0 49 0.00
100k 0 9 0.00 0 19 0.00 0 24 0.00
250k 0 3 0.00 0 7 0.00 0 9 0.00
500k 0 1 0.00 0 3 0.00 0 4 0.00
1M o* 0* 0.00* 0 1 0.00 —_ = —
Note: * Continuous transmission/reception is not possible.
The value set in BRR is given by the following formula:
N=— & 4
4x22"x B

B: Bit rate (bit/s)

N: BRR setting for baud rate generator (0 < N < 255)

0: Operating frequency (Hz)

n: Baud rate generator input clock number (n = 0, 2, or 3)

(The relation between n and the clock is shown in table 14.7.)
Table14.7 Relation between n and Clock
SMR Setting

n Clock CKs1 CKSO0
0 ) 0 0
0 d,* 0 1
2 $/16 1 0
3 $/64 1 1
Note: * In subactive or subsleep mode, the SCI3 can be operated only when the CPU operating

clock is ¢,
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14.3.9 Serial Port Control Register (SPCR)

SPCR selects the function of the TXD3 (IrTXD) pin and whether to invert the input/output data of
the RXD3 (IrRXD) and TXD3 (IrTXD) pins.

Initial
Bit Bit Name  Value R/W Description
7,6 — All 1 — Reserved

These bits are always read as 1 and cannot be
modified.

5 — 0 — Reserved
This bit is always read as 0 and cannot be modified.
4 SPC3 0 R/W P32/TXD3/IrTXD Pin Function Switch

Selects whether pin P32/TXD3/IrTXD is used as P32 or
as TXD3/IrTXD.

0: P32 1/O pin

1: TXD3/IrTXD output pin

Set the TE bit in SCR after setting this bit to 1.
3,2 — AllO — Reserved

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

1 SCINV1 0 R/W TXD3/IrTXD Pin Output Data Inversion Switch

Selects whether output data of the TXD3/IrTXD pin is
inverted or not.

0: Output data of TXD3/IrTXD pin is not inverted.
1: Output data of TXD3/IrTXD pin is inverted.
0 SCINVO 0 R/W RXD3/IrRXD Pin Input Data Inversion Switch

Selects whether input data of the RXD3/IrRXD pin is
inverted or not.

0: Input data of RXD3/IrRXD pin is not inverted.
1: Input data of RXD3/IrRXD pin is inverted.

Note: When the serial port control register is modified, the data being input or output up to that
point is inverted immediately after the modification, and an invalid data change is input or
output. When modifying the serial port control register, modification must be made in a state
in which data changes are invalidated.
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14.3.10 IrDA Control Register (IrCR)

IrCR controls the IrDA operation of the SCI3.

Initial
Bit Bit Name Value

R/W

Description

7 IrE 0

R/W

IrDA Enable

Selects whether the SCI3 I/O pins function as the SCI3
or IrDA.

0: TXD3/IrTXD and RXD3/IrRXD pins function as TXD3
and RXD3

1: TXD3/IrTXD and RXD3/IrRXD pins function as IrTXD
and IrRXD

IrCKS2
IrCKS1
IrCKS0

R/W
R/W
R/W

IrDA Clock Select

If the IrDA function is enabled, these bits set the high-
pulse width when encoding the IrTXD output pulse.

000: Bit rate x 3/16
001: ¢/2

010: ¢/4

011: ¢/8

100: ¢/16

101: Setting prohibited
11x: Setting prohibited

3to0 — AllO

Reserved

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

[Legend] x: Don't care.
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14311 Serial Extended M ode Register (SEMR)

SEMR sets the basic clock used in asynchronous mode.

Initial
Bit Bit Name  Value R/W Description
7to4 — AllO — Reserved
These bits are always read as 0 and cannot be
modified.
3 ABCS 0 R/W Asynchronous Mode Basic Clock Select
Selects the basic clock for the bit period in
asynchronous mode.
This setting is enabled only in asynchronous mode
(COM bit in SMR3 is 0).
0: Operates on a basic clock with a frequency of 16
times the transfer rate
1: Operates on a basic clock with a frequency of eight
times the transfer rate
Clear the ABCS bit to 0, when the IrDA function is
enabled.
2t00 — AllO — Reserved
These bits are always read as 0 and cannot be
modified.

144  Operation in Asynchronous Mode

Figure 14.2 shows the general format for asynchronous serial communication. One frame consists
of astart bit (low level), followed by data (in LSB-first order), a parity bit (high or low level), and
finally stop bits (high level). In asynchronous mode, synchronization is performed at the falling
edge of the start bit during reception. The data is sampled on the 8th pulse of a clock with a
frequency 16 times the bit period, so that the transfer dataiis latched at the center of each hit.
When the ABCS bit in SEMR is 1, the datais sampled on the 4th pulse of aclock with a
frequency eight times the bit period. Inside the SCI 3, the transmitter and receiver are independent
units, enabling full duplex. Both the transmitter and the receiver also have a double-buffered
structure, so data can be read or written during transmission or reception, enabling continuous data
transfer. Table 14.8 shows the 16 data transfer formats that can be set in asynchronous mode. The
format is selected by the settings in SMR as shown in table 14.9.
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LSB MSB 1
Sdzrtlgl Sttfi‘tn Transmit/receive data P%ﬂty Stop bit Mark state
1 bit 5,7, or 8 bits 1 bit, 1or
ornone 2 bits
One unit of transfer data (character or frame) _
< gl

Figure14.2 Data Format in Asynchronous Communication

14.4.1 Clock

Either an internal clock generated by the on-chip baud rate generator or an external clock input at
the SCK3 pin can be selected as the SCI3's serial clock source, according to the setting of the
COM bhit in SMR and the CKEO and CKEL1 bitsin SCR. When an external clock isinput at the
SCK3 pin, the clock frequency should be 16 times the bit rate used (when the ABCS bit in SEMR
is 1, the clock frequency should be eight times the bit rate used). For details on selection of the
clock source, see table 14.10. When the SCI3 is operated on an internal clock, the clock can be
output from the SCK3 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 transfer data, as
shown in figure 14.3.

Clock |||||||||||||||||||||||||||||||||

Serial data |0|DO|D1|D2|D3|D4|D5|D6|D7|0/1|1 1

1 character (frame)

- >
- >

Figure 14.3 Relationship between Output Clock and Transfer Data Phase
(Asynchronous M ode) (Example with 8-Bit Data, Parity, Two Stop Bits)

Rev. 3.00 May 15, 2007 Page 254 of 516
REJ09B0152-0300 RENESAS



Section 14 Serial Communication Interface 3 (SCI3, IrDA)

Table14.8 Data Transfer Formats (Asynchronous Mode)

SMR Serial Data Transfer Format and Frame Length

CHR PE MP | STOP| 1 , 2 ;| 3 , 5,6 7,8 ;9 10,11, 12

T 1 1 1 1 1 T T 1 1 T T T

0 0 0 0 |START| 8-bit data | sTOP I : :

T T T T T T T T

0 0 0 1 |START| 8-bit data | STOP | STOP | :

Il Il Il Il Il Il Il Il Il Il Il Il Il

o 1. I I I I I I I I I |

0 0 1 0 ‘Settlng prohibited | | | | | | | | | |

| ! ! ! ! ! ! ! ! ! | | |

o 1. I I I [ [ I I [ I [

0 0 1 1 |Setting prohibited | | | | | | | | | |

| | | | | | | | | | | | |

| | | | | | | |

0 1 0 0 START 8-bit data p | stor |

T T T T T T T |

| | | | | | | |

0 1 0 1 START 8-bit data P | stop | sToP
T [ [ [ I I T T I
0 1 1 0 |START 5-bit data sTOP ‘ ‘ : : :
| |

T T T T T T T T T T T

0 1 1 1 |START| 5-bit data | STOP | STOP l : : : :

1 : : : : : : : : : 1 ‘ 1

- I I I

1 0 0 0 |START| 7-bit data | STOPl | | |

| | | | | | | | | |

- - - | |

1 0 0 1 START 7-bit data sTOP | sTOP | | |

| | | | | | | | | |

| | | | | | | | | | | | |

1 0 1 0 |Setting prohibited | | | | | | | | | |

| | | | | | | | | | | | |

I I I I I I | | I I | [ |

1 0 1 1 |Setting prohibited | | | | | | | | | |

| | | | | | | | | | | | |

| | | | ] ] | 1 [

1 1 0 0 |START 7-bit data p | stop : ‘

|

T T T T T T T T T T

1 1 0 1 |START| 7-bit data | P | STOP | STOP | :

1 | | | |

1 1 1 0 |STARTI 5-bit data | P | STOP |‘ | | | |

| | | | | | | | | | | | |

. . . . | | |

1 1 1 1 START 5-bit data P STOP | STOP | | |

L L L | L

[Legend]
START: Start bit
STOP: Stop bit
P: Parity bit
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Table14.9 SMR Settingsand Corresponding Data Transfer Formats

SMR Data Transfer Format

Bit 7 Bit6é Bit2 Bit5 Bit3 Parity  Stop Bit

COM CHR MP PE STOP Mode Data Length Bit Length
0 0 0 0 0 Asynchronous 8-bit data No 1 bit
1 mode 2 bits
1 0 Yes 1 bit
1 2 bits
1 0 0 7-bit data No 1 bit
1 2 bits
1 0 Yes 1 bit
1 2 bits
0 1 0 0 Setting prohibited
17
1 0 5-bit data No 1 bit
1 2 bits
1 0 0 Setting prohibited
1—
1 0 5-bit data Yes 1 bit
1 2 bits
1 X 0 X X Clock 8-bit data No No
synchronous
mode

[Legend] x: Don’t care.
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Table 14.10 SMR and SCR Settings and Clock Sour ce Selection

SMR SCR
Bit 7 Bit 1 Bit 0 Transmit/Receive Clock
COM CKE1l CKEO Mode Clock Source  SCK Pin Function
0 0 0 Asynchronous Internal I/0 port (SCKS3 pin not used)
1 mode Outputs a clock with the same
frequency as the bit rate
1 0 External Inputs a clock with a frequency
16 times the bit rate*
1 0 0 Clock synchronous Internal Outputs the serial clock
1 mode External Inputs the serial clock
0 1 1 Reserved (Do not specify these combinations)
1 0 1
1 1 1

Note: * When the ABCS bitin SEMR is 1, inputs a clock with a frequency eight times the bit
rate.
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14.4.2 SCI3 Initialization

Follow the flowchart as shown in figure 14.4 to initialize the SCI3. When the TE bit is cleared to
0, 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 OER flags, or the contents of RDR. When the external clock isused in
asynchronous mode, the clock must be supplied even during initialization. When the external
clock isused in clock synchronous mode, the clock must not be supplied during initialization.

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

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

| When the clock output is selected in
Set CKE1 and CKEO bits in SCR3 [1] asynchronous mode, clock is output
immediately after CKE1 and CKEOQ
l settings are made. When the clock
Set data transfer format in SMR [2] output is selected at reception in clock
T synchronous mode, clock is output

immediately after CKE1, CKEO, and RE
Set value in BRR [3] are setto 1.

Wait [2] Set the data transfer format in SMR.

[8] Write a value corresponding to the bit
rate to BRR. Not necessary if an
external clock is used.

No

1-bit interval elapsed?

[4] Wait at least one bit interval, then set the
Set SPC3 bit in SPCR to 1 TE bit or RE bit in SCR to 1. Setting bits
T TE and RE enables the TXD3 and RXD3
Set TE and RE bits in pins to be used. Also set the RIE, TIE,
SCRto 1, and set RIE, TIE [4] and TEIE bits, depending on whether
and TEIE bits. interrupts are required. In asynchronous
mode, the bits are marked at
transmission and idled at reception to
wait for the start bit.

<Initialization completion>

Figure14.4 Sample SCI3 Initialization Flowchart
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14.4.3 Data Transmission

Figure 14.5 shows an example of operation for transmission in asynchronous mode. In
transmission, the SCI3 operates as described below.

1. The SCI3 monitorsthe TDRE flag in SSR. If theflagis cleared to 0, the SCI3 recognizes that
data has been written to TDR, and transfers the datafrom TDR to TSR.

2. After transferring datafrom TDR to TSR, the SCI3 setsthe TDRE flag to 1 and starts
transmission. If the TIE bit in SCRis set to 1 at thistime, a TXI3 interrupt request is
generated. Continuous transmission is possible because the TXI3 interrupt routine writes next
transmit data to TDR before transmission of the current transmit data has been compl eted.

3. The SCI3 checks the TDRE flag at the timing for sending the stop bit.

4. If the TDREflag isO, the dataistransferred from TDR to TSR, the stop bit is sent, and then
seria transmission of the next frameis started.

5. Ifthe TDREflagis1, the TEND flag in SSR is set to 1, the stop hit is sent, and then the “mark
state” is entered, in which 1 isoutput. If the TEIE bit in SCRis set to 1 at thistime, aTEI
interrupt request is generated.

6. Figure 14.6 shows a sample flowchart for transmission in asynchronous mode.

Start Transmit Parity Stop Start Transmit Parity Stop Mark
bit data bit  bit bit data bit  bit state

Serial 1 | o [po|p1|  [p7fon| 1 [ o [pofpt1|  [p7fon]| 1
data N N

| 1 frame | 1 frame |

| | |
TDRE I | I
TEND 1 f " f m |
LSl TXI3 interrupt ~ TDRE flag TXI3 interrupt request TEI3 interrupt request
operation request cleared to 0 generated generated
User generated Data written
processing to TDR

Figure14.5 Example SCI3 Operation in Transmission in Asynchronous M ode
(8-Bit Data, Parity, One Stop Bit)
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( Start transmission )

|
| Set SPC3 bit in SPCR to 1 |

[1] | Read TDRE flag in SSR |

No

Yes

Write transmit data to TDR

[2] All data transmitted?
Read TEND flag in SSR
(3] Break output?

Clear PDR to 0 and set PCR to 1

Clear SPC3 bit in SPCR and
TE bit in SCR to 0*
|

<End>

[1] Read SSR and check that the TDRE flag
is set to 1, then write transmit data to
TDR. When data is written to TDR, the
TDRE flag is automatically cleared to 0.
(After the TE bit is set to 1, one frame of
1 is output, then transmission is
possible.)

[2] To continue serial transmission, read 1
from the TDRE flag to confirm that
writing is possible, then write data to
TDR. When data is written to TDR, the
TDRE flag is automatically cleared to 0.

[3] To output a break in serial transmission,
after setting PCR to 1 and PDR to 0,
clear the SPC3 bit in SPCR and the TE
bit in SCR to 0.

Note: * When the SPC3 bit in SPCR is cleared to 0,
the pin functions as an I/O port.

Figure14.6 Sample Serial Transmission Flowchart (Asynchronous M ode)
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1444 Serial Data Reception

Figure 14.7 shows an example of operation for reception in asynchronous mode. In serial
reception, the SCI 3 operates as described below.

1.

The SCI3 monitors the communication line. If a start bit is detected, the SCI3 performs
internal synchronization, receives datain RSR, and checks the parity bit and stop bit.

Parity check

The SCI3 checks that the number of 1 bits in the receive data conforms to the parity (odd or
even) set in bit PM in the serial mode register (SMR).

Stop bit check

The SCI3 checks that the stop bit is 1. If two stop bits are used, only the first is checked.
Status check

The SCI3 checks that bit RDRF is set to 0, indicating that the receive data can be transferred
from RSR to RDR.

If an overrun error occurs (when reception of the next datais completed while the RDRF flag
isdtill setto 1), the OER bit in SSRisset to 1. If the RIE bitin SCRisset to 1 at thistime, an
ERI3 interrupt request is generated. Receive datais not transferred to RDR.

If aparity error is detected, the PER bit in SSR is set to 1 and receive datais transferred to
RDR. If the RIE bitin SCRis set to 1 at thistime, an ERI3 interrupt request is generated.

If aframing error is detected (when the stop bit is 0), the FER bit in SSRis set to 1 and receive
dataistransferred to RDR. If the RIE bit in SCRis set to 1 at thistime, an ERI3 interrupt
request is generated.

If reception is completed successfully, the RDRF bit in SSR is set to 1, and receive datais
transferred to RDR. If the RIE bit in SCRis set to 1 at thistime, an RXI3 interrupt request is
generated. Continuous reception is possible because the RX13 interrupt routine reads the
receive datatransferred to RDR before reception of the next receive data has been completed.
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Start Receive Parity Stop Start Receive Parity Stop  Mark state
bit data bit  bit  bit data bit bit  (idle state)

Serial 1 o [oo[o1 ] [o7Jon] 1 ]| o[oo]oi] . [o7 Jor] o | 1
data i N

| 1 frame | 1 frame |

I | |
RDRF I | I
FER . ! i . [
LSl RXI3 interrupt  RDRF flag 0 stop bit ERI request in
operation request cleared to 0 detected response to

generated framing error

User RDR data read Framing error

processing processing

Figure14.7 Example SCI3 Operation in Reception in Asynchronous Maode
(8-Bit Data, Parity, One Stop Bit)

Table 14.11 shows the states of the SSR status flags and receive data handling when areceive
error is detected. If areceive error is detected, the RDRF flag retains its state before receiving
data. Reception cannot be resumed while areceive error flag is set to 1. Accordingly, clear the
OER, FER, PER, and RDRF bits to 0 before resuming reception. Figure 14.8 shows a sample
flowchart for serial data reception.

Table 14.11 SSR Status Flags and 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 Overrun error + framing error

1 1 0 1 Lost Overrun error + parity error

0 0 1 1 Transferred to RDR Framing error + parity error

1 1 1 1 Lost Overrun error + framing error
+ parity error

Note: * The RDRF flag retains the state it had before data reception. However, note that if RDR

is read after an overrun error has occurred in a frame because reading of the receive
data in the previous frame was delayed, the RDRF flag will be cleared to 0.
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( Start reception ) [1] Read thg OEB, PER, and FER flags in
— SSR to identify the error. If a receive
| error occurs, performs the appropriate
error processing.
1 [2] Read SSR and check that RDRF = 1,
then read the receive data in RDR.
The RDRF flag is cleared automatically.
[38] To continue serial reception, before the
4] stop bit for the current frame is
received, read the RDRF flag and read
The RDREF flag is cleared automatically.
QContinued on next Page) [4] If a receive error occurs, read the OER,
- 2] PER, and FER flags in SSR to identify
| Read RDRF flag in SSR | the error. After performing the
appropriate error processing, ensure

No that the OER, 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 RXD3 pin.

Read OER, PER, and
FER flags in SSR

All data received?

(3]

Clear RE bitin SCR to 0

<End>

Figure14.8 Sample Serial Data Reception Flowchart (Asynchronous Mode) (1)
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[4]

( Error processing )

| Overrun error processing

-

Yes

Break?

Framing error processing

No
PER =1

Yes

Parity error processing

-

(A)

Clear OER, PER, and
FER flags in SSR to 0

<End>

Figure14.8 Sample Serial Data Reception Flowchart (Asynchronous Mode) (2)
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145 Operation in Clock Synchronous Mode

Figure 14.9 shows the general format for clock synchronous communication. In clock
synchronous mode, datais transmitted or received synchronous with clock pulses. A single
character in the transmit data consists of the 8-bit data starting from the LSB. In clock
synchronous serial communication, data on the transmission line is output from one falling edge of
the serial clock to the next. In clock synchronous mode, the SCI3 receives data in synchronous
with therising edge of the serial clock. After 8-bit datais output, the transmission line holds the
MSB state. In clock synchronous mode, no parity bit is added. Inside the SCI 3, the transmitter and
receiver are independent units, enabling full-duplex communication through the use of a common
clock. Both the transmitter and the receiver also have a double-buffered structure, so data can be
read or written during transmission or reception, enabling continuous data transfer.

8-bit

One unit of transfer data (character or frame)

* L - *

SynchronizationIllllllllllllllllll
clock

' LSB MSB
Serial data i XBito X Bit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7 X 4
[ ' al

Don’t care Don’t care

Note: * High except in continuous transfer

Figure 14.9 Data Format in Clock Synchronous Communication

145.1 Clock

Either an internal clock generated by the on-chip baud rate generator or an external
synchronization clock input at the SCK3 pin can be selected, according to the setting of the COM
bit in SMR and CKEO and CKEL1 bitsin SCR. When the SCI3 is operated on an internal clock, the
serial clock is output from the SCK3 pin. Eight serial clock pulses are output in the transfer of one
character, and when no transfer is performed the clock is fixed high.

14.5.2 SCI3 Initialization

Before transmitting and receiving data, the SCI3 should beinitialized as described in asample
flowchart in figure 14.4.
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14.5.3 Serial Data Transmission

Figure 14.10 shows an example of SCI3 operation for transmission in clock synchronous mode.
In serial transmission, the SCI 3 operates as described below.

1.

7.

The SCI3 monitors the TDRE flag in SSR, and if the flag is 0, the SCI3 recognizes that data
has been written to TDR, and transfers the datafrom TDR to TSR.
The SCI3 setsthe TDRE flag to 1 and starts transmission. If the TIE bitin SCRissetto 1 at
thistime, a TXI3 interrupt request is generated.
8-hit data is sent from the TXD3 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. Serial datais transmitted sequentially from the LSB (bit 0), from the TXD3
pin.
The SCI3 checks the TDRE flag at the timing for sending the MSB (bit 7).
If the TDRE flag is cleared to 0, datais transferred from TDR to TSR, and seria transmission
of the next frame is started.
If the TDRE flag isset to 1, the TEND flag in SSR is set to 1, and the TDRE flag maintains
the output state of the last bit. If the TEIE bit in SCRisset to 1 at thistime, a TEI3 interrupt
reguest is generated.
The SCK3 pin isfixed high.

Figure 14.11 shows a sample flowchart for serial data transmission. Even if the TDRE flag is
cleared to O, transmission will not start while areceive error flag (OER, FER, or PER) isset to 1.
Make sure that the receive error flags are cleared to O before starting transmission.

Serial —
clock MMMW
Seral Bito X Bit1 X X 8it7 ) 8ito X Bit1 X i‘gx Bits X Bit7

1 frame 1 frame

TDRE | | [ ’
Ten | i | ,‘ [
LSl TXI3 TDRE flag TXI3 interrupt request TEI3 interrupt request
operation interrupt cleared generated generated

request to0

generated .
User Data written
processing to TDR

Figure14.10 Example of SCI3 Operation in Transmission in Clock Synchronous M ode
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( Start transmission )
| Set SPC3 bitin SPCR to 1 | [1] Read SSR and check that the TDRE flag is
I: set to 1, then write transmit data to TDR.
- When data is written to TDR, the TDRE flag
[1] | Read TDRE flag in SSR |

is automatically cleared to 0. When clock

output is selected and data is written to

No TDR, clocks are output to start the data
transmission.

[2] To continue serial transmission, be sure to

Yes read 1 from the TDRE flag to confirm that

writing is possible, then write data to TDR.

When data is written to TDR, the TDRE flag

is automatically cleared to 0.

Write transmit data to TDR

All data transmitted?

2]

Read TEND flag in SSR

No

Yes

Clear TE bitin SCR to 0

<End>

Figure14.11 Sample Serial Transmission Flowchart (Clock Synchronous M ode)
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1454 Serial Data Reception (Clock Synchronous M ode)

Figure 14.12 shows an example of SCI3 operation for reception in clock synchronous mode. In
serial reception, the SCI3 operates as described below.

1. The SCI3 performs internal initialization synchronous with a synchronous clock input or
output, starts receiving data.

2. The SCI3 stores the received datain RSR.

3. If an overrun error occurs (when reception of the next datais completed while the RDRF flag
in SSRis still set to 1), the OER bit in SSR is set to 1. If the RIE bit in SCRisset to 1 at this
time, an ERI3 interrupt request is generated, receive datais not transferred to RDR, and the
RDRF flag remainsto be set to 1.

4. If reception is completed successfully, the RDRF bit in SSR is set to 1, and receive datais
transferred to RDR. If the RIE bit in SCR is set to 1 at thistime, an RX13 interrupt request is
generated.

= RAYA N\
clock \_/—\_%_/_\_/_\
S:tgal X Bit7z X Bito Xj:’ X Bit7z X Bito X Bit1 X ?:X Bite X Bit7 X
] )
RDRF | | | )
((
)

- /|

{ {(
/ | )Y )7 1

LSI RXI3 RDREF flag RXI3 interrupt ERI3 interrupt request
operation interrupt cleared request generated generated by

request to 0 overrun error
User generated RDR data has Overrun error
processing RDR data read not been read processing

(RDRF = 1)

Figure14.12 Example of SCI3 Reception Operation in Clock Synchronous Mode

Reception cannot be resumed while areceive error flag is set to 1. Accordingly, clear the OER,
FER, PER, and RDRF bitsto O before resuming reception. Figure 14.13 shows a sample flowchart
for serial datareception.
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( Start reception )

[1] Read the OER flag in SSR to determine if
there is an error. If an overrun error has

| Read OER flag in SSR | [1] occurred, execute overrun error processing.

[2] Read SSR and check that the RDRF flag is
set to 1, then read the receive data in RDR.
When data is read from RDR, the RDRF
[4] flag is automatically cleared to 0.
No @verrun orror processin@ [3] To continue serial reception, before the
MSB (bit 7) of the current frame is received,

(Continued below) reading the RDRF flag and reading RDR

should be finished. When data is read from

Read RDRF flag in SSR | [2] RDR, the RDRF flag is automatically
cleared to 0.

[4] If an overrun error occurs, read the OER
flag in SSR, and after performing the
appropriate error processing, clear the OER
flag to 0. Reception cannot be resumed if
the OER flag is set to 1.

No

Yes

Read receive data in RDR

Yes

Data reception continued? [3]

Clear RE bitin SCR to 0

<End>

[4] ( Start overrun error processing )

| Overrun error processing |

| Clear OER flag in SSR to 0 |

<End>

Figure 14.13 Sample Serial Reception Flowchart (Clock Synchronous Mode)
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1455 Simultaneous Serial Data Transmission and Reception

Figure 14.14 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. To switch from transmit mode to simultaneous transmit and receive mode, after
checking that the SCI3 has finished transmission and the TDRE and TEND flags are set to 1, clear
TE to 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 SCI3 has finished
reception, clear RE to 0. Then after checking that the RDRF and receive error flags (OER, FER,
and PER) are cleared to 0, simultaneously set TE and RE to 1 with asingle instruction.

( Start transmission/reception )
I
[ setspcavitinspcRio1 |
- [1] Read SSR and check that the TDRE
> flag is set to 1, then write transmit data
| Read TDRE flag in SSR [ m TDR.
When data is written to TDR, the

TDRE flag is automatically cleared to

0.

Read SSR and check that the RDRF

flag is set to 1, then read the receive

data in RDR.

When data is read from RDR, the

RDREF flag is automatically cleared to

0.

[3] To continue serial transmission/
reception, before the MSB (bit 7) of
the current frame is received, finish
reading the RDRF flag, reading RDR.
Also, before the MSB (bit 7) of the

[2

[4] current frame is transmitted, read 1
( Overrun error processing) from the TDRE flag to confirm that
writing is possible. Then write data to
TDR.

When data is written to TDR, the
TDRE flag is automatically cleared to
0. When data is read from RDR, the
RDRF flag is automatically cleared to
0.

[4] If an overrun error occurs, read the
OER flag in SSR, and after performing
the appropriate error processing, clear
the OER flag to 0.
Transmission/reception cannot be
resumed if the OER flag is set to 1.
For overrun error processing, see
figure 14.13.

| Clear TE and RE bits in SCR to 0 |

<End>

Figure14.14 Sample Flowchart of Simultaneous Serial Transmit and Receive Operations
(Clock Synchronous M ode)
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14.6  1rDA Operation
IrDA operation can be used with the SCI3. Figure 14.15 shows an IrDA block diagram.

If the IrDA function is enabled using the ITE bit in IrCR, the TXD3 and RXD3 pinsin the SCI3
are allowed to encode and decode the waveform based on the IrDA standard version 1.0 (function
asthe IrTXD and IrRXD pins). Connecting these pins to the infrared data transceiver/receiver
achievesinfrared data communication based on the system defined by the IrDA standard version
1.0.

In the system defined by the IrDA standard version 1.0, communication is started at atransfer rate
of 9600 bps, which can be modified as required. The IrDA interface provided by this LS| does not
incorporate the capability of automatic modification of the transfer rate; the transfer rate must be
modified through programming.

IrDA SCI3
- ) TXD
TXD3/IFTXD = Phase inversionf|— Pulse encoder |-
RXD3/IrRXD Phase inversion|—s| Pulse decoder RXD—

Figure14.15 |1rDA Block Diagram
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14.6.1 Transmission

During transmission, the output signals from the SCI3 (UART frames) are converted to IR frames
using the IrDA interface (see figure 14.16).

For serial data of level 0, ahigh-level pulse having awidth of 3/16 of the hit rate (1-bit interval) is
output (initial setting). The high-level pulse can be selected using the IrCK S2 to IrCK S0 hitsin
IrCR.

According to the standard, the high-level pulse width is defined to be 1.41 ps at minimum and
(3/16 + 2.5%) x bit rate or (3/16 x bit rate) +1.08 us at maximum. For example, when the
frequency of system clock ¢ is 10 MHz, being equal to or greater than 1.41 s, the high-level pulse
width at minimum can be specified as 1.6 ps.

For serial data of level 1, no pulses are output.

[-——— — UART frame -

Start e Data | Stop
bit bit
0 1 0 1 0 0 1 1 0 1
Transmission ‘ T Reception
-—————— IR frame -
Start |- Data | Stop
bit bit

1

o
-

o] -

Pulse width is 1.6 us to
3/16 bit cycle

[

—

|

Bit
cycle

Figure14.16 IrDA Transmission and Reception
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14.6.2 Reception

During reception, IR frames are converted to UART frames using the IrDA interface before
inputting to the SCI 3.

Data of level 0 isoutput each time ahigh-level pulseis detected and data of level 1 isoutput when
no pulseisdetected in abit cycle. If apulse has ahigh-level width of lessthan 1.41 ps, the
minimum width allowed, the pulseis recognized as level 0.

14.6.3 High-Level Pulse Width Selection

Table 14.12 shows possible settings for bits IrCKS2 to IrCK SO (minimum pulse width), and this
L SI's operating frequencies and bit rates, for making the pulse width shorter than 3/16 times the bit
rate in transmission.

Table 14.12 IrCKS2to IrCK S0 Bit Settings

Operating Bit Rate (bps) (Upper Row) / Bit Interval x 3/16 (us) (Lower Row)
Frequency 2400 9600 19200 38400
¢ (MHz) 78.13 19.53 9.77 4.88

2 010 010 010 010
2.097152 010 010 010 010
2.4576 010 010 010 010

3 011 011 011 011
3.6864 011 011 011 011
4.9152 011 011 011 011

5 011 011 011 011

6 100 100 100 100
6.144 100 100 100 100
7.3728 100 100 100 100

8 100 100 100 100
9.8304 100 100 100 100
10 100 100 100 100
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14.7  Interrupt Requests

The SCI3 creates the following six interrupt requests: transmit end, transmit data empty, receive
data full, and receive errors (overrun error, framing error, and parity error). Table 14.13 shows the
interrupt sources.

Table 14.13 SCI3 Interrupt Requests

Interrupt Requests Abbreviation Interrupt Sources

Receive Data Full RXI Setting RDRF in SSR

Transmit Data Empty TXI Setting TDRE in SSR

Transmission End TEI Setting TEND in SSR

Receive Error ERI Setting OER, FER, and PER in SSR

Each interrupt request can be enabled or disabled by means of bits TIE and RIE in SCR.

When the TDRE bit in SSRisset to 1, a TXI3 interrupt is requested. When the TEND bit in SSR
issetto 1, aTEI3 interrupt is requested. These two interrupts are generated during transmission.

Theinitia value of the TDRE flag in SSR is 1. Thus, when the TIE bit in SCR is set to 1 before
transferring the transmit datato TDR, a TXI3 interrupt request is generated even if the transmit
datais not ready. Theinitial value of the TEND flag in SSRis 1. Thus, when the TEIE bit in SCR
is set to 1 before transferring the transmit datato TDR, a TEI3 interrupt request is generated even
if the transmit data has not been sent. It is possible to make use of the most of these interrupt
requests efficiently by transferring the transmit datato TDR in the interrupt routine. To prevent
the generation of these interrupt requests (TX13 and TEI3), clear the enable bits (TIE and TEIE)
that correspond to these interrupt requests to O, after transferring the transmit datato TDR.

When the RDRF bit in SSRis set to 1, an RXI3 interrupt is requested, and if any of bits OER,
PER, and FER is set to 1, an ERI3 interrupt is requested. These two interrupt requests are
generated during reception.

The SCI3 can carry out continuous reception using an RX13 and continuous transmission using a
TXI3.
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These interrupts are shown in table 14.14.

Table 14.14 Transmit/Receive Interrupts

Interrupt  Flags Interrupt Request Conditions Notes
RXI3 RDRF  When serial reception is performed The RXI3 interrupt routine reads the
RIE normally and receive data is transferred receive data transferred to RDR and
from RSR to RDR, bit RDRF is setto 1, clears bit RDRF to 0. Continuous
and if bit RIE is set to 1 at this time, an ~ reception can be performed by repeating
RXI3 is enabled and an interrupt is the above operations until reception of the
requested. (See figure 14.17 (a).) next RSR data is completed.
TXI3 TDRE  When TSR is found to be empty (on The TXI3 interrupt routine writes the next
TIE completion of the previous transmission) transmit data to TDR and clears bit TDRE
and the transmit data placed in TDRis  to 0. Continuous transmission can be
transferred to TSR, bit TDRE is setto 1. performed by repeating the above
If bit TIE is set to 1 at this time, a TXI3 is operations until the data transferred to
enabled and an interrupt is requested. TSR has been transmitted.
(See figure 14.17 (b).)
TEI31 TEND  When the last bit of the character in TSR A TEI3 indicates that the next transmit
TEIE is transmitted, if bit TDRE is setto 1, bit data has not been written to TDR when

TEND is setto 1. If bit TEIE is set to 1 at
this time, a TEI3 is enabled and an
interrupt is requested. (See figure 14.17

(©).)

the last bit of the transmit character in
TSR is transmitted.

RENESAS
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RDR RDR

T

RSR (reception in progress) RSR (reception completed, transfer)

RXD3 pin O—>| | RXD3 pin O—>| |

RDRF =0 RDRF <1
(RXI3 request when RIE = 1)

Figure14.17 (a) RDRF Setting and RXI Interrupt

TDR (next transmit data) TDR

TSR (transmission in progress) TSR (transmission completed, transfer)

TXD3 pin o<—| TXD3 pin O~—}it j

TDRE =0 TDRE <1
(TXI3 request when TIE = 1)

Figure14.17 (b) TDRE Setting and TXI Interrupt

TDR TDR

TSR (transmission in progress) TSR (transmission completed)

TXD3 pin O<—| | TXD3 pin O<—| |

TEND =0 TEND <1
(TEI3 request when TEIE = 1)

Figure14.17 (c) TEND Setting and TEI Interrupt
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14.8  Usage Notes

1481 Break Detection and Processing

When framing error detection is performed, a break can be detected by reading the RXD3 pin
value directly. In abreak, the input from the RXD3 pin becomes all 0, setting the FER flag, and
possibly the PER flag. Note that as the SCI3 continues the receive operation after receiving a
break, evenif the FER flag is cleared to O, it will be set to 1 again.

14.8.2 Mark State and Break Sending

When the SPC3 bit in SPCR is 0, the TXD3 pin functions as an |/O port whose direction (input or
output) and level are determined by PCR and PDR, regardless of the TE setting. This can be used
to set the TXD3 pin to the mark state (high level) or send a break during data transmission. To
maintain the communication line at the mark state until the SPC3 bit in SPCR is set to 1, set both
PCR and PDR to 1. Asthe SPC3 hit in SPCR is cleared to O at this point, the TXD3 pin functions
asan /0 port, and 1 is output from the TXD3 pin. To send a break during data transmission, first
set PCR to 1 and PDR to 0, and then clear the SPC3 and TE bitsto 0. When the TE bit is cleared
to O directly after the SPC3 hit is cleared to 0, the transmitter isinitialized regardless of the current
transmission state after the TE bit is cleared, the TXD3 pin functions as an /O port after the SPC3
bit is cleared, and 0 is output from the TXD3 pin.

14.8.3 Receive Error Flagsand Transmit Operations (Clock Synchronous Mode Only)

Transmission cannot be started when areceive error flag (OER, PER, or FER) isset to 1, even if
the TDRE flag is cleared to 0. Be sure to clear the receive error flags to 0 before starting
transmission. Note also that receive error flags cannot be cleared to 0 even if the RE bit is cleared
to 0.
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1484 Receive Data Sampling Timing and Reception Margin in Asynchronous Mode

In asynchronous mode, the SCI3 operates on a basic clock with a frequency of 16 times the
transfer rate. In reception, the SCI3 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 14.18.

Thus, the reception margin in asynchronous mode is given by formula (1) below.

D-0
N

M = {(0.5 - QLN) - S _(L-05) F} x 100(%)

... Formula (1)

Where N: Ratio of bit rateto clock (N = 16)
D: Clock duty (D =0.5t0 1.0)
L: Framelength (L =9t012)
F: Absolute value of clock rate deviation

Assuming values of F (absolute value of clock rate deviation) = 0 and D (clock duty) =0.5in
formula (1), the reception margin can be given by the formula.

M = {0.5 — 1/(2 x 16)} x 100 [%] = 46.875%

However, thisis only the computed value, and a margin of 20% to 30% should be allowed for in
system design.

16 clocks |

8 clocks |
0 7 15| 0 7 150
Internal basic I”””l”I”””l”I“”l”I”“”l”I””””””””””””“l
clock m.. in} -

Receive data _:l: ' Startbit .. [ DO N [D1
(RXD3) o o o

Synchronization | H " "
sampling timing __ L L

Data sampling A ..
timing n n

Figure14.18 Receive Data Sampling Timing in Asynchronous M ode
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14.8.5 Note on Switching SCK3 Pin Function

If the SCK3 pin isused as a clock output pin by the SCI3 in clock synchronous mode and is then
switched to ageneral input/output pin (a pin with a different function), the SCK3 pin outputs a
low level signa for half a system clock (¢) cycleimmediately after it is switched.

This can be prevented by either of the following methods according to the situation.
(1) When SCK3 Pin Function is Switched from Clock Output to Non Clock-Output

When stopping data transfer, issue one instruction to clear bits TE and RE to 0 and to set bits
CKE1 and CKEOQ in SCR to 1 and O, respectively.

In this case, bit COM in SMR should be left 1. The above prevents the SCK 3 pin from being used
as ageneral input/output pin. To avoid an intermediate level of voltage from being applied to the
SCK3 pin, the line connected to the SCK3 pin should be pulled up to the V. level viaaresistor, or
supplied with output from an external device.

(2) When SCK3 Pin Function is Switched from Clock Output to General I nput/Output
When stopping data transfer,

1. Issueoneinstruction to clear bits TE and RE to 0 and to set bits CKE1 and CKEOin SCRto 1
and O, respectively.
2. Clear bit COM in SMRto 0

3. Clear hits CKE1 and CKEO in SCR to 0. Note that special careis also needed here to avoid an
intermediate level of voltage from being applied to the SCK3 pin.

14.8.6 Relation between Writing to TDR and Bit TDRE

Bit TDRE in the seria statusregister (SSR) is a status flag that indicates that data for serial
transmission has not been prepared in TDR. When datais written to TDR, bit TDRE is cleared to
0 automatically. When the SCI3 transfers datafrom TDR to TSR, bit TDRE is set to 1.

Data can be written to TDR irrespective of the state of bit TDRE, but if new datais written to
TDR while bit TDRE is cleared to 0, the data previously stored in TDR will belost if it has not yet
been transferred to TSR. Accordingly, to ensure that serial transmission is performed dependably,
you should first check that bit TDRE is set to 1, then write the transmit data to TDR only once (not
two or more times).
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14.8.7 Relation between RDR Reading and bit RDRF

In areceive operation, the SCI3 continually checks the RDRF flag. If bit RDRF iscleared to O
when reception of one frame ends, normal data reception is completed. If bit RDRF is set to 1, this
indicates that an overrun error has occurred.

When the contents of RDR are read, bit RDRF is cleared to 0 automatically. Therefore, if RDR is
read more than once, the second and subsequent read operations will be performed while bit
RDREF is cleared to 0. Note that, when an RDR read is performed while bit RDRF is cleared to 0,
if the read operation coincides with completion of reception of aframe, the next frame of data may
beread. Thisis shown in figure 14.19.

| Frame 1 Frame 2 Frame 3

. A
. A

Communication line Data 1 | Data 2 | Data 3

RDRF | | I

RDR X Data 1 X Data 2
T (A)T T(B)

RDR read RDR read

Data 1 is read at point (A)
Data 2 is read at point (B)

Figure14.19 Relation between RDR Read Timing and Data

In this case, only asingle RDR read operation (not two or more) should be performed after first
checking that bit RDRF is set to 1. If two or more reads are performed, the data read the first time
should be transferred to RAM, etc., and the RAM contents used. Also, ensure that thereis
sufficient margin in an RDR read operation before reception of the next frameis completed. To be
precise in terms of timing, the RDR read should be completed before bit 7 istransferred in clock
synchronous mode, or before the STOP hit istransferred in asynchronous mode.
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14.8.8 Transmit and Receive Operations when Making State Transition

Make sure that transmit and receive operations have completely finished before carrying out state
transition processing.

14.89 Setting in Subactive or Subsleep Mode

In subactive or subsleep mode, the SCI3 can operate only when the CPU clock is ¢,,. The SA1 and
SAOQ bitsin SY SCR2 should be set to 1.

14.8.10 Oscillator when Serial Communication Interface 3 isUsed

When serial communication interface 3 is used, the system clock oscillator or subclock oscillator
must be used. Do not use the on-chip oscillator. For details on selecting the system clock oscillator
or on-chip oscillator, see section 4.2.4, On-Chip Oscillator Selection Method. For details on
selecting the subclock oscillator or on-chip oscillator, see section 4.1.1, Oscillator Control

Register (OSCCR).
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Section 15 Synchronous Serial Communication Unit (SSU)

The synchronous serial communication unit (SSU) can handle clocked synchronous serial data
communication.

Figure 15.1 shows a block diagram of the SSU.

15.1 Features

e Can be operated in clocked synchronous communication mode or four-line bus communication
mode (including bidirectional communication mode)

e Can be operated as a master or aslave device

e Choice of eight internal clocks (¢/256, /128, $/64, /32, $/16, &/8, ¢/4, and ¢,./2) and an
external clock as a clock source

o Clock polarity and phase of SSCK can be selected

e Choice of datatransfer direction (MSB-first or L SB-first)

e Receive error detection: overrun error

e Multimaster error detection: conflict error

e Fiveinterrupt sources: transmit-end, transmit-data-empty, receive-data-full, overrun error, and
conflict error

e Continuous transmission and reception of serial data are enabled since both transmitter and
receiver have buffer structure

¢ Use of module standby mode enables this module to be placed in standby mode independently
when not used. (The SSU is halted asthe initial value. For details, refer to section 5.4, Module
Standby Function.)
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Internal clock————/—»]

SSCKO Multiplexer
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S Transmission/ <_,:

s e
|

T

> SSSR @
Qo
o
3
L »| SSTDR s
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SSO O<t—> - =
Selector [ SSTRSR =
SSI O<e—»

—> SSRDR

__Interrupt request
" (TXI, TEI, RXI, OEI, CEI)

[Legend]

SSMR: SS mode register
SSCRL:  SS control register L
SSCRH: SS control register H
SSER: SS enable register
SSSR: SS status register
SSTDR: SS transmit data register
SSTRSR: SS shift register
SSRDR: SS receive data register

Figure15.1 Block Diagram of SSU

15.2  Input/Output Pins
Table 15.1 shows the pin configuration of the SSU.

Table15.1 Pin Configuration

Pin Name Abbreviation /O Function

SSU clock SSCK /0 SSU clock input/output

SSU data input/output SSI I/0 SSU data input/output

SSU data input/output SSO I/0 SSU data input/output

SSU chip select input/output  SCS /0 SSU chip select input/output
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15.

3  Register Descriptions

The SSU has the following registers.

1531

SS control register H (SSCRH)
SS control register L (SSCRL)

SS mode register (SSMR)

SS enable register (SSER)

SS status register (SSSR)
SSreceive dataregister (SSRDR)
SStransmit data register (SSTDR)
SS shift register (SSTRSR)

SS Control Register H (SSCRH)

SSCRH is aregister that selects a master or aslave device, enables bidirectional mode, selects
open-drain output of the serial data output pin, selects an output value of the serial data output pin,
selects the SSCK pin, and selects the SCS pin.

Bit

Initial
Bit Name Value R/W

Description

7

MSS 0 R/W

Master/Slave Device Select

Selects whether this module is used as a master device
or a slave device. When this module is used as a master
device, transfer clock is output from the SSCK pin. When
the CE bit in SSSR is set, this bit is automatically
cleared.

0: Operates as a slave device
1: Operates as a master device

6

BIDE 0 R/W

Bidirectional Mode Enable

Selects whether the serial data input pin and the output
pin are both used or only one pin is used. For details,
refer to section 15.4.3, Relationship between Data
Input/Output and Shift Register. When the SSUMS bit in
SSCRL is 0, this setting is invalid.

0: Normal mode. Communication is performed by using
two pins.

1: Bidirectional mode. Communication is performed by
using only one pin.
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Bit

Bit Name

Initial
Value

R/W

Description

5

SO0S

0

R/W

Serial Data Open-Drain Output Select

Selects whether the serial data output pin is CMOS
output or NMOS open-drain output. The serial data
output pin is changed according to the register setting
value. For details, refer to section 15.4.3, Relationship
between Data Input/Output and Shift Register.

0: CMOS output
1: NMOS open-drain output

SOL

R/W

Serial Data Output Level Setting

Although the value in the last bit of transmit data is
retained in the serial data output after the end of
transmission, the output level of serial data can be
changed by manipulating this bit before or after
transmission. When the output level is changed, the
SOLP bit should be cleared to 0 and the MOV instruction
should be used. If this bit is written during data transfer,
erroneous operation may occur. Therefore this bit must
not be manipulated during transmission.

0: Shows serial data output level to low in reading.
Changes serial data output level to low in writing

1: Shows serial data output level to high in reading.
Changes serial data output level to high in writing

3

SOLP

1

R/W

SOL Write Protect

When output level of serial data is changed, the MOV
instruction is used to set the SOL bit to 1 and clear this
bit to 0 or to clear the SOL bit and this bit to 0.

0: In writing, output level can be changed according to
the value of the SOL bit.

1: In reading, this bit is always read as 1. In writing,
output level cannot be changed. (See section 15.5,
Usage Note.)
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Initial

Bit Bit Name Value R/W Description

2 SCKS 0 R/W SSCK Pin Select
Selects whether the SSCK pin functions as a port or a
serial clock pin.
0: Functions as a port
1: Functions as a serial clock pin

CSSt 0 R/W  SCS Pin Select
0 CSSo 0 R/W Selects whether the SCS pin functions as a port, an SCS

input, or SCS output. When the SSUMS bit in SSCRL is
0, the SCS pin functions as a port regardless of the
setting of this bit.

00: Functions as a port
01: Functions as an SCS input

1x: Functions as an SCS output (however, functions as
an SCS input before starting transfer)

[Legend] x: Don't care.

1532

SS Control Register L (SSCRL)

SSCRL is aregister that controls mode, software reset, and open-drain output of the SSCK and
SCSpins.

Bit

Initial
Bit Name Value R/W Description

7

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

Rev. 3.00 May 15, 2007 Page 287 of 518
RENESAS REJ09B0152-0300



Section 15 Synchronous Serial Communication Unit (SSU)

Initial
Bit Bit Name Value R/W

Description

6 SSUMS 0 R/W

SSU Mode Select

Selects which combination of the serial data input pin
and serial data output pin is used.

For details, refer to section 15.4.3, Relationship between
Data Input/Output and Shift Register.

0: Clocked synchronous communication mode
Data input: SSI pin, Data output: SSO pin
1: Four-line bus communication mode
When MSS = 1 and BIDE = 0 in SSCRH:
Data input: SSI pin, Data output: SSO pin
When MSS = 0 and BIDE = 0 in SSCRH:
Data input: SSO pin, Data output: SSI pin
When BIDE = 1 in SSCRH:
Data input and output: SSO pin

5 SRES 0 R/W

Software Reset

When this bit is set to 1, the SSU internal sequencer is
forcibly reset. Then this bit is automatically cleared. The
register value in the SSU is retained.

4 SCKOS 0 R/W

SSCK Pin Open-Drain Output Select

Selects whether the SSCK pin functions as CMOS output
or NMOS open-drain output.

0: CMOS output
1: NMOS open-drain output

3 CSO0S 0 R/W

SCS Pin Open-Drain Output Select

Selects whether the SCS pin functions as CMOS output
or NMOS open-drain output.

0: CMOS output
1: NMOS open-drain output

2to0 — AllO —

Reserved
These bits are always read as 0.
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15.3.3

SSMode Register (SSMR)

SSMR is aregister that selects MSB-first or LSB-first, clock polarity, clock phase, and transfer
clock rate.

Bit

Initial
Bit Name Value

R/W

Description

MLS

0

R/W

MSB-First/LSB-First Select

Selects whether data transfer is performed in MSB-first
or LSB-first.

0: LSB-first
1: MSB-first

CPOS

R/W

Clock Polarity Select

Selects the clock polarity of SSCK.
0: Idle state = high

1: Idle state = low

CPHS

R/W

Clock Phase Select

Selects the clock phase of SSCK.
0: Data change at first edge

1: Data latch at first edge

4,3

AllO

Reserved
These bits are always read as 0.

CKS2
CKSH1
CKS0

R/W
R/W
R/W

Transfer clock rate select

Sets transfer clock rate (prescaler division ratio) when
the internal clock is selected.

The system clock (¢) is halted in subactive mode or
subsleep mode. Select ¢ /2 in these modes.

000: ¢/256
001: ¢/128
010: ¢/64
011: ¢/32
100: ¢/16
101: ¢/8
110: ¢/4
1112 ¢g,./2
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153.4 SSEnable Register (SSER)

SSER is aregister that sets transmit enable, receive enable, and interrupt enable.

Initial
Bit Bit Name Value R/W Description
7 TE 0 R/W Transmit enable
When this bit is 1, transmit operation is enabled.
6 RE 0 R/W Receive enable
When this bit is 1, receive operation is enabled.
5 RSSTP 0 R/W Receive single stop
When this bit is 1, receive operation is completed after
receiving one byte.
4 — 0 — Reserved
This bit is always read as 0.
3 TEIE 0 R/W Transmit End Interrupt Enable
When this bit is set to 1, a TEl interrupt request is
enabled.
2 TIE 0 R/W Transmit Interrupt Enable
When this bit is set to 1, a TXI interrupt request is
enabled.
1 RIE 0 R/W Receive Interrupt Enable
When this bit is set to 1, an RXI and an OEl interrupt
requests are enabled.
0 CEIE 0 R/W Conflict Error Interrupt Enable
When this bit is set to 1, a CEl interrupt request is
enabled.
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1535

SS Status Register (SSSR)

SSSR is aregister that setsinterrupt flags.

Initial

Bit Bit Name Value R/W Description

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

6 ORER 0 R/(W)*  Overrun Error Flag
Indicates that the RDRF bit is abnormally terminated in
reception because an overrun error has occurred.
SSRDR retains received data before the overrun error
occurs and the received data after the overrun error
occurs is lost. When this bit is set to 1, subsequent serial
reception cannot be continued. When the MSS bit in
SSCRH is 1, this is also applied to serial transmission.
[Setting condition]
o When the next serial reception is completed while

RDRF = 1

[Clearing condition]
e When 0 is written to this bit after reading 1

5,4 — AllO — Reserved
These bits are always read as 0.

3 TEND 0 R/(W)*  Transmit End

[Setting condition]

e When the last bit of data is transmitted, the TDRE bit
is 1

[Clearing conditions]

e When 0 is written to this bit after reading 1

e When data is written in SSTDR
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Initial
Bit Bit Name Value R/W Description
2 TDRE 1 R/(W)*  Transmit Data Empty

[Setting conditions]
e When the TE bit in SSER is 0

o When data transfer is performed from SSTDR to
SSTRSR and data can be written in SSTDR

[Clearing conditions]
e When 0 is written to this bit after reading 1
e When data is written in SSTDR

1 RDRF 0 R/(W)* Receive Data Register Full
[Setting condition]
o When serial reception is completed normally and
receive data is transferred from SSTRSR to SSRDR
[Clearing conditions]
e When 0 is written to this bit after reading 1
e When data is read from SSRDR

0 CE 0 R/(W)*  Conflict Error Flag
[Setting conditions]

e When serial communication is started while SSUMS
=1 and MSS =1, the SCS pin input is low

e When the SCS pin level changes from low to high
during transfer while SSUMS = 1 and MSS = 0

[Clearing condition]

e When 0 is written to this bit after reading 1

Note: * Only 0 can be written to clear the flag.
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15.3.6 SSReceive Data Register (SSRDR)

SSRDR is an 8-hit register that stores received serial data. When the SSU has received one byte of
serial data, it transfers the received serial datafrom SSTRSR and the datais stored. After this,
SSTRSR isreceive-enabled. As SSTRSR and SSRDR function as a double buffer in thisway,
continuous receive operations are possible. SSRDR is aread-only register and cannot be written to
by the CPU. SSRDR isinitialized to H'00.

15.3.7 SSTransmit Data Register (SSTDR)

SSTDR isan 8-bit register that stores serial datafor transmission. SSTDR can be read or written
to by the CPU at all times. When the SSU detects that SSTRSR is empty, it transfers the transmit
datawritten in SSTDR to SSTRSR and starts seria transmission. If the next transmit data has
already been written to SSTDR during serial transmission, continuous serial transmission is
possible. SSTDR isinitialized to H'00.

1538  SSShift Register (SSTRSR)

SSTRSR is a shift register that transmits and receives serial data. When transmit datais transferred
from SSTDR to SSTRSR, bit 0 in SSTDR istransferred to bit 0 in SSTRSR whilethe MLS bitin
SSMR is 0 (LSB-first transfer) and bit 7 in SSTDR is transferred to bit 0 in SSTRSR while the
MLSbitin SSMR is 1 (MSB-first transfer). SSTRSR cannot be directly accessed by the CPU.

154 Operation

15.4.1 Transfer Clock

Transfer clock can be selected from eight internal clocks and an external clock. When this module
isused, the SSCK pin must be selected as a serial clock by setting the SCKS hit in SSCRH to 1.
When the MSS bit in SSCRH is 1, an internal clock is selected and the SSCK pin isin the output
state. If transfer is started, the SSCK pin outputs clocks of the transfer rate set in the CKS2 to
CKS0 hitsin SSMR. When the MSS bit is 0, an external clock is selected and the SSCK pinisin
the input state.
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15.4.2 Relationship between Clock Polarity and Phase, and Data

Relationship between clock polarity and phase, and transfer data changes according to a
combination of the SSUMS bit in SSCRL and the CPOS and CPHS hitsin SSMR. Figure 15.2
shows the relationship.

MSB-first transfer or LSB first transfer can be selected by the setting of the MLS bit in SSMR.
When the MLS hit is 0, transfer is started from LSB to MSB. When the MLS bit is 1, transfer is
started from MSB to LSB.

(1) When CPHS = 0, CPOS =0, and SSUMS = 0:
SsCK 5 1 4 1 4 1 & °L

v v v Y v 4 v v
SSO0, s8I X Bito X_Bit1 X_Bitz X_Bita X_ Bita X_Bits X Bit6 X Bit7

(2) When CPHS = 0 and SSUMS = 1:

SSCK
OPOS - 0) N s Y N T e A e T e O e O

SSCK
ors = 1 I o S Y Yy Yy Yy O

y Y Y Y Y Y Y Y
880,881 ——_ X_Bito_X__Bit1_X_Bitz X_ Bit3a X_ Bitd X_ Bits X_ Bit6 X_Bit7 y——

sos —

(3) When CPHS =1 and SSUMS = 1:

SSCK
OPOS - 0) N s Y N T e A e T e O e O

SSCK
ohs 1 | N Y Yy Yy Yy N

\d i A \d \d

y i i v v
880,881 ——Bit0 X__Bit1_X_ Btz X_ Bita X_ Bit4 X_ Bits X_ Bit6 X_Bit7 X___»——
SCs ] —

Figure15.2 Relationship between Clock Polarity and Phase, and Data
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15.4.3 Relationship between Data I nput/Output and Shift Register

Relationship of connection between the data input/output pin and SSTRSR changes according to a
combination of the MSS hit in SSCRH and the SSUMS bit in SSCRL. It also changes by the
BIDE bit in SSCRH. Figure 15.3 shows the relationship.

(1) When SSUMS = 0: (2) When SSUMS = 1, BIDE = 0, and MSS = 1:

Shift register I Shift register I
(SSTRSR) > | 5 > sso (SSTRSR) Y SSO
1

i
i i

- Q SSI <t Q SSI
i i
i i

(3) When SSUMS = 1, BIDE = 0, and MSS = 0: (4) When SSUMS = 1 and BIDE = 1:
! !
! !
- - - - 1
Shift register Shift register
(SSTRSR) sso (SSTRSR) 4’[}_’@ sso

SSI

A
(%))
2]

Figure15.3 Relationship between Data I nput/Output Pin and Shift Register
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15.4.4 Communication Modes and Pin Functions

The SSU switches functions of the input/output pin in each communication mode according to the
settings of the MSS bit in SSCRH and the RE and TE hits in SSER. Figure 15.2 shows the
relationship between communication modes and the input/output pins. In bidirectional
communication mode, neither TE nor RE should be set to 1.

Table15.2 Relationship between Communication Modes and I nput/Output Pins

Communication Register State Pin State
Mode SSUMS BIDE MSS TE RE SSi SSO SSCK
Clocked 0 X 0 0 1 In — In
Synchronous o —  ow
Communication
Mode 1 In Out In
1 0 1 In — Out
1 0 — Out Out
1 In Out Out
Four-Line Bus 1 0 0 0 1 — In In
Communication
0 Out — In
Mode
1 Out In In
1 0 1 In — Out
1 0 — Out Out
1 In Out Out
Four-Line Bus 1 1 0 0 1 — In In
(Bidirectional) 1 0 — Out In
Communication
Mode 1 0 1 —_— In Out
1 0 — Out Out

[Legend] x: Don't care.

—: Can be used as a general I/O port.
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1545 Operation in Clocked Synchronous Communication M ode

Initialization in Clocked Synchronous Communication Mode: Figure 15.4 shows the
initialization in clocked synchronous communication mode. Before transmitting and receiving
data, the TE and RE bitsin SSER should be cleared to 0, then the SSU should be initialized.

Note: When the operating mode, or transfer format, is changed for example, the TE and RE bits
must be cleared to 0 before making the change using the following procedure. When the
TE bitiscleared to O, the TDRE flag is set to 1. Note that clearing the RE bit to O does not
change the contents of the RDRF and ORER flags, or the contents of SSRDR.

| Clear TE and RE bits in SSER to 0 |

| Clear SSUMS bit in SSCRL to 0 |

Clear CPOS and CPHS bits to 0 and set
MLS and CKS2 to CKSO bits in SSMR

Set SCKS bitin SSCRH to 1
and set MSS and SOOS bits

Clear ORER bit in SSSR to 0

Set the TE and RE bits in SSER to 1
and set RIE, TIE, TEIE, and RSSTP
bits according to transmission/
reception/transmission and reception

End

Figure15.4 Initialization in Clocked Synchronous Communication M ode
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Serial Data Transmission: Figure 15.5 shows an example of the SSU operation for transmission.
In serial transmission, the SSU operates as described below.

When the SSU is set as a master device, it outputs a synchronous clock and data. When the SSU is
set as aslave device, it outputs datain synchronized with the input clock.

When the SSU writes transmit datain SSTDR after setting the TE bit to 1, the TDRE flag is
automatically cleared to 0 and datais transferred from SSTDR to SSTRSR. Then the SSU setsthe
TDRE flag to 1 and starts transmission. If the TIE bit in SSER isset to 1 at thistime, aTXI is
generated.

When the TDRE flag is 0 and one frame of data has transferred, datais transferred from SSTDR to
SSTRSR and seria transmission of the next frame is started. If the eighth bit is transmitted while
the TDRE flag is 1, the TEND bit in SSSR is set to 1 and the state isretained. If the TEIE hit in
SSERisset to 1 at thistime, a TEI is generated. After transmission is ended, the SSCK pinis
fixed high.

While the ORER bit in SSSR is set to 1, transmission cannot be performed. Therefore confirm that
the ORER hit is cleared to O before transmission.

Figure 15.6 shows a sample flowchart for serial data transmission.

S WAWAWAWEWAWAWRWE
()() (()

SSO Bit 0 X Bit 1 X(( X Bit 7 Bit 0 X Bit 1 X:( X Bit7
) )

~4——One frame—— »<¢————0ne frame———>

—] )

TDRE («

T A A ” A

TEND ‘)‘) {

LSI Operation TXI generated TXI generated TEI generated
User Write data Write data

processing in SSTDR in SSTDR

Figure15.5 Example of Operation in Data Transmission
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| Initialization |

-

[1] | Read TDRE bit in SSSR [1] After reading SSSR and confirming

that the TDRE bit is 1, write transmit
data in SSTDR. Then the TDRE bit is
automatically cleared to 0.

Write transmit data
in SSTDR

[2] Data ”?.”sm(if,fio” [2] Determine whether data transmission
continued’ is continued.
No
[3] | Read TEND bit in SSSR | [3] Read 1 from the TEND bit in SSSR

to confirm that data transmission is
completed. After the TEND bit is set to 1,

No clear the TEND bit and TE bit in SSER
to 0 and transmit mode is ended.

Yes

Clear TEND bit and
TE bitin SSER to 0

Figure15.6 Sample Serial Transmission Flowchart
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Serial Data Reception: Figure 15.7 shows an example of the SSU operation for reception. In
serial reception, the SSU operates as described below.

When the SSU is set as a master device, it outputs a synchronous clock and inputs data. When the
SSU is set asadave device, it inputs datain synchronized with the input clock. When the SSU is
set as amaster device, it outputs areceive clock and starts reception by performing dummy read
on SSRDR.

After eight bits of datais received, the RDRF bit in SSSR is set to 1 and received datais stored in
SSRDR. If the RIE bit in SSER isset to 1 at thistime, a RX| is generated. If SSRDR isread, the
RDREF bit is automatically cleared to O.

When the SSU is set as a master device and reception is ended, received datais read after setting
the RSSTP bit in SSER to 1. Then the SSU outputs eight bits of clocks and operation is stopped.
After that, the RE and RSSTP bits are cleared to 0 and the last received datais read. Note that if

SSRDR isread while the RE hit is set to 1, received clock is output again.

When the eighth clock riseswhile the RDRF hit is 1, the ORER bit in SSSR is set. Then an
overrun error (OEI) is generated and operation is stopped. When the ORER bit in SSSRis set to 1,
reception cannot be performed. Therefore confirm that the ORER bit is cleared to O before
reception.

Figure 15.8 shows a sample flowchart for seria data reception.

((
U )l )
SSO Bit 0 XJ( X Bit 7 Bit 0 X( X Bit 7 Bit 0 X( X Bit 7
)

~<+——One frame——»|<¢——One frame——— |

RDRF ( (
A 7 A A7 A « A A
I»
RSSTP { 4
LSl operation RXI generated RXI generated / RXI generated
User Dummy read Read data in SSRDR Set RSSTP to 1Read data
processing on SSRDR in SSRDR

Figure15.7 Example of Operation in Data Reception (MSS= 1)
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| Initialization |
1

1] | Dummy read on SSRDR | [1] After setting each register in the SSU,

and reception is started.

[2] Determine whether the last one byte of

dummy read on SSRDR is performed
Last reception?

[2]
data is received. When the last one byte
of data is received, set to stop reception
after the data is received.
| Read ORER
3 ORER =17 ves
el B [3][6] When a receive error occurs, clear the
ORER flag to 0 after the ORER flag in
SSSR is read and an appropriate error
Read RDRF processing is performed. When the ORER
flag is set to 1, transmission/reception
cannot be started again.
[4] Confirm that the RDRF bit is 1. If the RDRF
bit is 1, receive data in SSRDR is read. If the
SSRDR bit is read, the RDRF bit is automatically
Read receive data cleared.
in SSRDR
]
I
[5] | Set RSSTP to 1 | [5] Before the last one byte of data is received,
T set the RSSTP bit to 1 and reception is stopped
- after the data is received.
Read ORER
Read RDRF
[7] Confirm that the RDRF bit is 1. To end
reception, clear the RE and RSSTP bits to
0 and then read the last receive data. If the
RE =0,RSSTP =0 Overrun error | SSRDR bit is read before clearing the RE bit,
| processing reception is started again.
Read receive data
in SSRDR
<
End

Figure15.8 Sample Serial Reception Flowchart (MSS= 1)
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Serial Data Transmission and Reception: Data transmission and reception is a combined
operation of data transmission and reception which are described before. Transmission and
reception is started by writing datain SSTDR. When the eighth clock rises or the ORER hit is set
to 1 while the TDRE bit is set to 1, transmission and reception is stopped.

To switch from transmit mode (TE = 1) or receive mode (RE = 1) to transmit and receive mode
(TE = RE = 1), the TE and RE hits should be cleared to 0. After confirming that the TEND,
RDRF, and ORER bits are cleared to 0, set the TE and RE bitsto 1.

Figure 15.9 shows a sample flowchart for serial transmit and receive operations.

| Initialization |

[1] | Read TDRE in SSSR [1] After reading SSSR and confirming that
the TDRE bit is 1, write transmit data in
SSTDR. Then the TDRE bit is automatically

cleared to 0.
Write transmit data
in SSTDR
»|
|
[2] | Read RDRF in SSSR | [2] Confirm that the RDRF bit is 1. If the RDRF

bit is 1, receive data in SSRDR is read. If the

SSRDR bit is read, the RDRF bit is automatically

Read receive data

in SSRDR
(3] Data transmission [3] Determine whether data transmission is continued.

continued?

No
Clear TEND to 0 and

[4] clear TE and RE in [4] To end transmit and receive mode, clear the

SSER to 0 TEND bit to 0 and clear the TE and RE bits in

SSER to 0.
End

Figure15.9 Sample Flowchart for Serial Transmit and Receive Operations
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15.4.6 Operation in Four-Line Bus Communication M ode

Four-line bus communication mode is a mode which communicates with the four-line bus; a clock
line, adatainput line, a data output line, and a chip select line. This mode includes bidirectional
mode in which the data input line and the data output line function as a single pin. The data input
line and the data output line are changed according to the settings of the MSS and BIDE bitsin
SSCRH. For details, refer to section 15.4.3, Relationship between Data | nput/Output and Shift
Register. In this mode, relationship between clock polarity and phase, and data can be set by the
CPOS and CPHS bitsin SSMR. For details, refer to section 15.4.2, Relationship between Clock
Polarity and Phase, and Data.

When the SSU is set as a master device, the chip select line controls output. When the SSU is set
as aslave device, the chip select line controls input. When the SSU is set as a master device, the
chip select line controls output of the SCS pin or controls output of ageneral port by setting the
CSS1 bit in SSCRH to 1. When the SSU is set as a slave device, the chip select line sets the SCS
pin as an input pin by setting the CSS1 and CSSO bits in SSCRH to 01.

In four-line bus communication mode, the MLS bit in SSMR is set to 1 and transfer is performed
in MSB-first order.
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15.4.7 Initialization in Four-Line Bus Communication Mode

Figure 15.10 shows the initialization in four-line bus communication mode. Before transmitting
and receiving data, the TE and RE bitsin SSER should be cleared to 0, then the SSU should be
initialized.

Note: When the operating mode, or transfer format, is changed for example, the TE and RE bits
must be cleared to 0 before making the change using the following procedure. When the
TE bitiscleared to O, the TDRE flag is set to 1. Note that clearing the RE bit to O does not
change the contents of the RDRF and ORER flags, or the contents of SSRDR.

| Clear TE and RE in SSER to 0 |

| Set SSUMS in SSCRL to 1 |

[1] Set MLS in SSMR to 1 and [1]1 The MLS bit is set to 1 for MSB-first transfer.
set CPOS, CPHS, and The clock polarity and phase are set in the
CKS2 to CKS0 CPOS and CPHS bits.
|
[2] Set SCKS in SSCRH to 1 and [2] In bidirectional mode, the BIDE bit is set
set BIDE, MSS, SO0S, CSSH, to 1 and input/output of the SCS pin is set
and CSS0 by the CSS1 and CSS0 bits.

Clear ORER in SSSR to 0

Set TE and RE in SSER to 1 and
set RIE, TIE, TEIE, and RSSTP
according to transmission/reception/
transmission and reception

End

Figure15.10 Initialization in Four-Line Bus Communication M ode

Rev. 3.00 May 15, 2007 Page 304 of 516
REJ09B0152-0300 RENESAS




Section 15 Synchronous Serial Communication Unit (SSU)

15.4.8 Serial Data Transmission

Figure 15.11 shows an example of the SSU operation for transmission. In serial transmission, the
SSU operates as described below.

When the SSU is set as a master device, it outputs a synchronous clock and data. When the SSU is
set as aslave device, the SCS pinisin the low-input state and the SSU outputs datain
synchronized with the input clock.

When the SSU writes transmit datain SSTDR after setting the TE bit to 1, the TDRE flag is
automatically cleared to 0 and datais transferred from SSTDR to SSTRSR. Then the SSU setsthe
TDRE flag to 1 and starts transmission. If the TIE bit in SSER isset to 1 at thistime, a TXI is
generated.

When the TDRE flag is 0 and one frame of data has transferred, datais transferred from SSTDR to
SSTRSR and serial transmission of the next frameis started. If the eighth bit is transmitted while
the TDRE flag is 1, the TEND bit in SSSR is set to 1 and the state isretained. If the TEIE bit in
SSER isset to 1 at thistime, a TEI is generated. After transmission is ended, the SSCK pinis
fixed high and the SCS pin goes high. When continuous transmission is performed with the SCS
pin low, the next data should be written to SSTDR before transmitting the eighth bit of the frame.

While the ORER bit in SSSR is set to 1, transmission cannot be performed. Therefore confirm that
the ORER bit is cleared to O before transmission.

The difference between this mode and clocked synchronous communication mode is as follows:
when the SSU is set as amaster device, the SSO pin isin the Hi-Z state if the SCS pin isin the Hi-
Z state and when the SSU is set as a slave device, the SSI pinisin the Hi-Z state if the SCS pin is
in the high-input state. The sample flowchart for serial datatransmission is the same asthat in
clocked synchronous communication mode.
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(1) When CPOS = 0 and CPHS = 0:

SCS
(output)

| z
8

SSO —<:>< Bit7 X Bit 6 Xj

X Bit 0

(()
Bit7 X Bit 6 ><:(
)

X Bit 0

One frarrm -< One frame >
5
TDRE ((
A h A

( (
TEND ) ) y
LS| operation | TXI generated TXI generated TEI generated
User Write data Write data
processing  in SSTDR in SSTDR

(2) When CPOS =0 and CPHS = 1:

5Cs [(Fi2)
(output)
SSO — Bit7 X Bit 6 Xj X Bit 0 Bit 7 X Bit 6 X X Bit 0
One franm - One frame >
)
TDRE («
A A ) A

( (
TEND T Y 1
LS| operation TXI generated TXI generated TEI generated
User Write data Write data
processing  in SSTDR in SSTDR

Figure15.11 Example of Operation in Data Transmission (M SS = 1)
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1549 Serial Data Reception

Figure 15.12 shows an example of the SSU operation for reception. In serial reception, the SSU
operates as described below.

When the SSU is set as a master device, it outputs a synchronous clock and inputs data. When the
SSU is set as aslave device, the SCS pin isin the low-input state and inputs data in synchronized
with the input clock. When the SSU is set as a master device, it outputs areceive clock and starts
reception by performing dummy read on SSRDR.

After eight bits of datais received, the RDRF bit in SSSR is set to 1 and received datais stored in
SSRDR. If the RIE bit in SSER is set to 1 at thistime, an RX| is generated. If SSRDR is read, the
RDREF bit is automatically cleared to O.

When the SSU is set as a master device and reception is ended, received datais read after setting
the RSSTP bit in SSER to 1. Then the SSU outputs eight bits of clocks and operation is stopped.
After that, the RE and RSSTP bits are cleared to 0 and the last received datais read. Note that if

SSRDR isread while the RE bit is set to 1, received clock is output again.

When the eighth clock rises while the RDRF bit is 1, the ORER bit in SSSR is set. Then an
overrun error (OEl) is generated and operation is stopped. When the ORER bit in SSSR is set to 1,
reception cannot be performed. Therefore confirm that the ORER bit is cleared to O before
reception.

The set timings of the RDRF and ORER flags differ according to the CPHS setting. These timings
are shown in figure 15.12. When the CPHS hit is set to 1, the flag is set during the frame.
Therefore care should be taken at the end of reception.

The sample flowchart for serial data reception is the same asthat in clocked synchronous
communication mode.
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(1) When CPOS = 0 and CPHS = 0:

SCS
(output)

SSCK

SSI

RDRF

|(Hi—Z)

WAWAWE

\WAWAWE
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- 7
— X X
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X Bit0

X Bit0>—
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'<«—— One frame ——

|<«——— One frame —— |

RSSTP

\ )
(

(

(
)

(

(

LSI operation

User
processing

(2) When CPOS =0 and CPHS = 1:

SCS
(output)

SSCK

SSI

RDRF

1

RXI generated

Dummy read on SSRDR

)

Read data in SSRDR

RXI generated

RXI generated

Set RSSTP to 1Read data in SSRDR

[Fr2)
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57 X X oo
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(
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Bit7 X
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X Bit0><:>—
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<«———One frame——— |

<+—— One frame ——»

RSSTP

\ )
I(

(

)

(

)

(

LSI operation

User
processing

RXI generated

Dummy read on SSRDR

)

Read data in SSRDR

RXI generated

RXI generated

Set RSSTP to 1Read data in SSRDR

Figure15.12 Example of Operation in Data Reception (MSS = 1)
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15.4.10 SCS Pin Control and Arbitration

When the SSUMS bit in SSCRL is set to 1 and the CSS1 bit in SSCRH isset to 1, the MSS bit in
SSCRH is set to 1 and then the arbitration of the SCS pin is checked before starting serial transfer.
If the SSU detects that the synchronized internal SCS pin goes low in this period, the CE bit in
SSSR is set and the MSS hit is cleared.

Note: When aconflict error is set, subsequent transmit operation is not possible. Therefore the
CE bit must be cleared to 0 before starting transmission.
When the multimaster error is used, the CSOS bit in SSCRL should be set to 1.

SCS input : [

Internal SCS j j |
(synchronized) i , H

MSS

! Write data ! 1
. in SSTDR /. .

(Hi-2) i | :

Transfer start

CE

SCS output

~<— Maximum time of SCS internal synchronization

i Arbitration detection
period

Figure15.13 Arbitration Check Timing
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15.4.11 Interrupt Requests

The SSU has five interrupt requests: transmit data empty, transmit end, receive datafull, overrun
error, and conflict error. Since these interrupt requests are assigned to the common vector address,
interrupt sources must be determined by flags. Table 15.3 lists the interrupt requests.

Table15.3 Interrupt Requests

Interrupt Request Abbreviation Interrupt Condition
Transmit data empty TXI (TIE=1), (TDRE =1)
Transmit end TEI (TEIE = 1), (TEND = 1)
Receive data full RXI (RIE =1), (RDRF = 1)
Overrun error OEl (RIE=1), (ORER =1)
Conflict error CEl (CEIE=1),(CE=1)

When an interrupt condition shown in table 15.3 is 1 and the | bit in CCR is 0, the CPU executes
the interrupt exception handling. Each interrupt source must be cleared during the exception
handling. Note that the TDRE and TEND bits are automatically cleared by writing transmit datain
SSTDR and the RDRF bit is automatically cleared by reading SSRDR. When transmit datais
written in SSTDR, the TDRE hit is set again at the same time. Then if the TDRE bit is cleared,
additional one byte of data may be transmitted.

155 Usage Note

When writing 1 to the SOLP bit in SSCRH (to enable write protect) after writing O to it (to disable
write protect), the SOL hit may be changed without being protected.

To avoid this, before writing 1 to the SOLP bit (to enable write protect), write the current value of
the SOL bit to itself. With this procedure, the write protect can be performed on the SOL bit.
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Section 16 1°C Bus Interface 2 (11C2)

The I°C bus interface 2 conforms to and provides a subset of the Philips I°C bus (inter-IC bus)
interface functions. The configuration of the registers that control the 1°C bus differs partly from
the Philips configuration, however. Figure 16.1 shows a block diagram of the I°C businterface 2.
Figure 16.2 shows an example of I/O pin connections to external circuits.

16.1 Features

e Selection of I°C format or clock synchronous serial format
e Continuous transmission/reception

Since the shift register, transmit data register, and receive dataregister are independent from
each other, the continuous transmission/reception can be performed.

¢ Use of module standby mode enables this module to be placed in standby mode independently
when not used. (The lIC2 ishalted as the initial value. For details, refer to section 5.4, Module
Standby Function.)

I°C bus format

e Start and stop conditions generated automatically in master mode
e Selection of acknowledge output levels when receiving

e Automatic loading of acknowledge bit when transmitting

e Bit synchronization/wait function

In master mode, the state of SCL is monitored per bit, and the timing is synchronized
automatically.

If transmission/reception is not yet possible, set the SCL to low until preparations are
completed.

e Six interrupt sources

Transmit data empty (including slave-address match), transmit end, receive data full (including
slave-address match), arbitration lost, NACK detection, and stop condition detection

e Direct busdrive

Two pins, SCL and SDA pins, function as CMOS outputs in normal operation (when the
port/serial function is selected) and NMOS outputs when the bus drive function is selected.

Clock synchronous format

e Four interrupt sources
Transmit-data-empty, transmit-end, receive-data-full, and overrun error
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SCL

SDA

Transfer clock

generation
circuit
Transmis_sion/ ICCR1
reception
Output control circuit
control ICCR2
1— ICMR
Noise canceler
[2]
ICDRT =]
a
] £
©
°
Output ICDRS - SAR ©
control £
2
l £
Noise canceler Address
comparator
ICDRR
—| Bus state
decision circuit
™| Arbitration
decision circuit ICSR
ICIER
[Legend]
ICCR1 : I°C bus control register 1 L
ICCR2 : I°C bus control register 2 ég;eer:;gr . :gg*::gt’t
ICMR : I’C bus mode register
ICSR: I°C bus status register
ICIER : I°C bus interrupt enable register
ICDRT : I°C bus transmit data register
ICDRR : I°C bus receive data register
ICDRS : I’C bus shift register
SAR: Slave address register

Figure16.1 Block Diagram of 1°C Bus Interface 2
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SCL out —|

SDAin

SDA out —|

(Slave 1)

SDA

SCL
SDA

SCLin
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SDAin

SDA out —|

(Slave 2)

16.2

Figure16.2 External Circuit Connections of 1/0 Pins

I nput/Output Pins

Table 16.1 shows the pin configuration of the I°C bus interface 2.

Table16.1 Pin Configuration

Name Abbreviation I/0 Function
Serial clock pin SCL I/0 IIC serial clock input/output
Serial data pin SDA I/0 IIC serial data input/output
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16.3  Register Descriptions
The I°C bus interface 2 has the following registers.

e 1°C bus control register 1 (ICCR1)

e 1I°C bus control register 2 (ICCR?2)

e 1°C bus mode register (ICMR)

e I°C businterrupt enable register (ICIER)
e |I°C bus status register (ICSR)

e Slave addressregister (SAR)

e |I°C bustransmit data register (ICDRT)

e |I°C busreceive dataregister (ICDRR)

e |I°C bus shift register (ICDRS)

16.3.1 I’C Bus Control Register 1 (ICCR1)

ICCR1 enables or disables the I°C businterface 2, controls transmission or reception, and selects
master or slave mode, transmission or reception, and transfer clock frequency in master mode.

Initial
Bit Bit Name Value R/W Description
7 ICE 0 R/W  I°C Bus Interface Enable

0: This module is halted. (SCL and SDA pins are set to
the port/serial function.)

1: This bit is enabled for transfer operations. (SCL and
SDA pins are bus drive state.)

6 RCVD 0 R/W Reception Disable

This bit enables or disables the next operation when
TRS is 0 and ICDRR s read.

0: Enables next reception
1: Disables next reception
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Bit

Bit Name

Initial
Value

R/W

Description

5
4

MST
TRS

0
0

R/W
R/W

Master/Slave Select
Transmit/Receive Select

In master mode with the I°C bus format, when
arbitration is lost, MST and TRS are both reset by
hardware, causing a transition to slave receive mode.
Modification of the TRS bit should be made between
transfer frames.

After data receive has been started in slave receive
mode, when the first seven bits of the receive data
agree with the slave address that is set to SAR and the
eighth bit is 1, TRS is automatically set to 1. If an
overrun error occurs in master mode with the clock
synchronous serial format, MST is cleared to 0 and
slave receive mode is entered.

Operating modes are described below according to
MST and TRS combination. When clock synchronous
serial format is selected and MST is 1, clock is output.

00: Slave receive mode
01: Slave transmit mode
10: Master receive mode
11: Master transmit mode

o = N W

CKS3
CKS2
CKS1
CKSo0

o O O o

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

Transfer Clock Select 3t0 0

These bits are valid only in master mode and should be
set according to the necessary transfer rate (refer to
table 16.2). These bit are used to specify the data setup
time in slave transmit mode. The data setup time is
secured for 10tcyc when CKS3 = 0 and for 20tcyc when
CKS3 =1.

RENESAS
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Table16.2 Transfer Rate

Bit 3 Bit 2 Bit 1 Bit 0 Transfer Rate

CKS3 CKS2 CKS1 CKSO0 Clock ¢=2MHz ¢=5MHz ¢ =10 MHz

0 0 0 0 $/28 71.4 kHz 179 kHz 357 kHz

1 /40 50.0 kHz 125 kHz 250 kHz

1 0 $/48 41.7 kHz 104 kHz 208 kHz

1 /64 31.8 kHz 78.1 kHz 156 kHz

1 0 0 $/80 25.0 kHz 62.5 kHz 125 kHz

1 /100 20.0 kHz 50.0 kHz 100 kHz

1 0 ¢/112 17.9 kHz 44.6 kHz 89.3 kHz

1 /128 15.6 kHz 39.1 kHz 78.1 kHz

1 0 0 0 $/56 35.7 kHz 89.3 kHz 179 kHz

1 $/80 25.0 kHz 62.5 kHz 125 kHz

1 0 $/96 20.8 kHz 52.1 kHz 104 kHz

1 /128 15.6 kHz 39.1 kHz 78.1 kHz

1 0 0 /160 12.5 kHz 31.3 kHz 62.5 kHz

1 /200 10.0 kHz 25.0 kHz 50.0 kHz

1 0 /224 8.9 kHz 22.3 kHz 44.6 kHz

1 $/256 7.8 kHz 19.5 kHz 39.1 kHz
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16.3.2

I’C Bus Control Register 2 (ICCR2)

|CCR2 issues start/stop conditions, manipulates the SDA pin, monitors the SCL pin, and controls
reset in the control part of the 1°C bus interface 2.

Bit

Bit Name

R/W

Description

7

BBSY

R/W

Bus Busy

This bit enables to confirm whether the I°C bus is
occupied or released and to issue start/stop conditions
in master mode. With the clock synchronous serial
format, this bit has no meaning. With the I°C bus format,
this bit is set to 1 when the SDA level changes from
high to low under the condition of SCL = high, assuming
that the start condition has been issued. This bit is
cleared to 0 when the SDA level changes from low to
high under the condition of SCL = high, assuming that
the stop condition has been issued. Write 1 to BBSY
and 0 to SCP to issue a start condition. Follow this
procedure when also re-transmitting a start condition.
Write 0 in BBSY and 0 in SCP to issue a stop condition.
To issue start/stop conditions, use the MOV instruction.

SCP

R/W

Start/Stop Issue Condition Disable

The SCP bit controls the issue of start/stop conditions in
master mode.

To issue a start condition, write 1 in BBSY and 0 in
SCP. A repeated start condition is issued in the same
way. To issue a stop condition, write 0 in BBSY and 0 in
SCP. This bit is always read as 1. If 1 is written, the
data is not stored.

5

SDAO

R/W

SDA Output Value Control

This bit is used with SDAOP when modifying output
level of SDA. This bit should not be manipulated during
transfer.

0: When reading, SDA pin outputs low.
When writing, SDA pin is changed to output low.
1: When reading, SDA pin outputs high.

When writing, SDA pin is changed to output Hi-Z
(outputs high by external pull-up resistance).
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Initial
Bit Bit Name Value R/W

Description

4 SDAOP 1 R/W

SDAO Write Protect

This bit controls change of output level of the SDA pin
by modifying the SDAO bit. To change the output level,
clear SDAO and SDAOP to 0 or set SDAO to 1 and
clear SDAOP to 0 by the MOV instruction. This bit is
always read as 1.

3 SCLO 1 R

This bit monitors SCL output level. When SCLO is 1,
SCL pin outputs high. When SCLO is 0, SCL pin
outputs low.

Reserved

This bit is always read as 1, and cannot be modified.

1 IICRST 0 R/W

IIC Control Part Reset

This bit resets the control part except for IC registers. If
this bit is set to 1 when hang-up occurs because of
communication failure during I°C operation, I°C control
part can be reset without setting ports and initializing
registers.

Reserved
This bit is always read as 1, and cannot be modified.
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1633 1°C BusMode Register (ICMR)

ICMR selects whether the MSB or LSB istransferred first, performs master mode wait control,

and selects the transfer bit count.

Initial
Bit Bit Name Value R/W

Description

7 MLS 0 R/W

MSB-First/LSB-First Select

0: MSB-first

1: LSB-first

Set this bit to 0 when the I°C bus format is used.

6 WAIT 0 R/W

Wait Insertion Bit

In master mode with the I°C bus format, this bit selects
whether to insert a wait after data transfer except the
acknowledge bit. When WAIT is set to 1, after the fall of
the clock for the final data bit, low period is extended for
two transfer clocks. If WAIT is cleared to 0, data and
acknowledge bits are transferred consecutively with no
wait inserted.

The setting of this bit is invalid in slave mode with the
I’C bus format or with the clock synchronous serial
format.

54 — All1 —

Reserved

These bits are always read as 1, and cannot be
modified.

3 BCWP 1 R/W

BC Write Protect

This bit controls the BC2 to BCO modifications. When
modifying BC2 to BCO, this bit should be cleared to 0
and use the MOV instruction. In clock synchronous
serial mode, BC should not be modified.

0: When writing, values of BC2 to BCO are set.
1: When reading, 1 is always read.
When writing, settings of BC2 to BCO are invalid.
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Initial
Bit Bit Name Value R/W Description
2 BC2 0 R/W Bit Counter2to 0
BCA1 0 R/W These bits specify the number of bits to be transferred
0 BCO 0 R/W next. When read, the remaining number of transfer bits

is indicated. With the I°C bus format, the data is
transferred with one addition acknowledge bit. Bit BC2
to BCO settings should be made during an interval
between transfer frames. If bits BC2 to BCO are setto a
value other than 000, the setting should be made while
the SCL pin is low. The value returns to 000 at the end
of a data transfer, including the acknowledge bit. With
the clock synchronous serial format, these bits should
not be modified.

I’C Bus Format Clock Synchronous Serial Format
000: 9 bits 000: 8 bits
001: 2 bits 001: 1 bits
010: 3 bits 010: 2 bits
011: 4 bits 011: 3 bits
100: 5 bits 100: 4 bits
101: 6 bits 101: 5 bits
110: 7 bits 110: 6 bits
111: 8 bits 111: 7 bits
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16.34 I°C Bus Interrupt Enable Register (ICIER)

ICIER enables or disables interrupt sources and acknowledge bits, sets acknowledge bitsto be
transferred, and confirms acknowledge hits to be received.

Initial
Bit Bit Name Value R/W

Description

7 TIE 0 R/W

Transmit Interrupt Enable

When the TDRE bit in ICSR is set to 1, this bit enables

or disables the transmit data empty interrupt (TXI).

0: Transmit data empty interrupt request (TXI) is
disabled.

1: Transmit data empty interrupt request (TXI) is
enabled.

6 TEIE 0 R/W

Transmit End Interrupt Enable

This bit enables or disables the transmit end interrupt
(TEI) at the rising of the ninth clock while the TDRE bit
in ICSR is 1. TEI can be canceled by clearing the TEND
bit or the TEIE bit to 0.

0: Transmit end interrupt request (TEI) is disabled.
1: Transmit end interrupt request (TEI) is enabled.

5 RIE 0 R/W

Receive Interrupt Enable

This bit enables or disables the receive data full
interrupt request (RXI) and the overrun error interrupt
request (ERI) with the clock synchronous format, when
a receive data is transferred from ICDRS to ICDRR and
the RDRF bit in ICSR is set to 1. RXI can be canceled
by clearing the RDRF or RIE bit to 0.

0: Receive data full interrupt request (RXI) and overrun
error interrupt request (ERI) with the clock
synchronous format are disabled.

1: Receive data full interrupt request (RXI) and overrun
error interrupt request (ERI) with the clock
synchronous format are enabled.
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Initial
Bit Bit Name Value R/W Description
4 NAKIE 0 R/W NACK Receive Interrupt Enable
This bit enables or disables the NACK receive interrupt
request (NAKI) and the overrun error (setting of the
OVE bit in ICSR) interrupt request (ERI) with the clock
synchronous format, when the NACKF and AL bits in
ICSR are set to 1. NAKI can be canceled by clearing
the NACKF, OVE, or NAKIE bit to 0.
0: NACK receive interrupt request (NAKI) is disabled.
1: NACK receive interrupt request (NAKI) is enabled.
3 STIE 0 R/W Stop Condition Detection Interrupt Enable
0: Stop condition detection interrupt request (STPI) is
disabled.
1: Stop condition detection interrupt request (STPI) is
enabled.
2 ACKE 0 R/W Acknowledge Bit Judgment Select
0: The value of the receive acknowledge bit is ignored,
and continuous transfer is performed.
1: If the receive acknowledge bit is 1, continuous
transfer is halted.
1 ACKBR 0 R Receive Acknowledge
In transmit mode, this bit stores the acknowledge data
that are returned by the receive device. This bit cannot
be modified.
0: Receive acknowledge = 0
1: Receive acknowledge = 1
0 ACKBT 0 R/W Transmit Acknowledge

In receive mode, this bit specifies the bit to be sent at
the acknowledge timing.

0: 0 is sent at the acknowledge timing.
1: 1 is sent at the acknowledge timing.
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16.3.5

I’C Bus Status Register (ICSR)

ICSR performs confirmation of interrupt request flags and status.

Bit

Bit Name

Initial
Value

R/W

Description

7

TDRE

0

R/(W)*

Transmit Data Register Empty

[Setting conditions]

e When data is transferred from ICDRT to ICDRS and
ICDRT becomes empty

e When TRS is set

¢ When a start condition (including re-transfer) has
been issued

e When transmit mode is entered from receive mode
in slave mode

[Clearing conditions]
e When 0 is written in TDRE after reading TDRE = 1

e When data is written to ICDRT with an instruction

6

TEND

0

R/(W)*

Transmit End

[Setting conditions]

e When the ninth clock of SCL rises with the I°C bus
format while the TDRE flag is 1

e When the final bit of transmit frame is sent with the
clock synchronous serial format

[Clearing conditions]

e When 0 is written in TEND after reading TEND = 1

e When data is written to ICDRT with an instruction

5

RDRF

0

R/(W)*

Receive Data Register Full
[Setting condition]

e When a receive data is transferred from ICDRS to
ICDRR

[Clearing conditions]
e When 0 is written in RDRF after reading RDRF = 1
e When ICDRR is read with an instruction

RENESAS
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Initial
Bit Bit Name Value R/W Description
4 NACKF 0 R/(W)* No Acknowledge Detection Flag
[Setting condition]
e When no acknowledge is detected from the receive
device in transmission while the ACKE bit in ICIER
is 1
[Clearing condition]
e When 0 is written in NACKF after reading NACKF =
1
3 STOP 0 R/(W)* Stop Condition Detection Flag

[Setting conditions]
e In master mode, when a stop condition is detected
after the completion of frame transfer

¢ In slave mode, when a stop condition is detected,
after the slave address of the first byte, following the
general call and the detection of the start condition,
matches the address set in SAR

[Clearing condition]

e When 0 is written in STOP after reading STOP =1
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Bit

Bit Name

Initial
Value

R/W

Description

2

AL/OVE

0

R/(W)*

Arbitration Lost Flag/Overrun Error Flag

This flag indicates that arbitration was lost in master
mode with the I°C bus format and that the final bit has
been received while RDRF = 1 with the clock
synchronous format.

When two or more master devices attempt to seize the
bus at nearly the same time, if the I°C bus interface
detects data differing from the data it sent, it sets AL to
1 to indicate that the bus has been taken by another
master.

[Setting conditions]

¢ If the internal SDA and SDA pin disagree at the rise
of SCL in master transmit mode

e When the SDA pin outputs high in master mode
while a start condition is detected

¢ When the final bit is received with the clock
synchronous format while RDRF = 1

[Clearing condition]

e When 0 is written in AL/OVE after reading AL/OVE
=1

AAS

R/(W)*

Slave Address Recognition Flag

In slave receive mode, this flag is set to 1 if the first
frame following a start condition matches bits SVA6 to
SVAOQ in SAR.

[Setting conditions]

¢ When the slave address is detected in slave receive
mode

o When the general call address is detected in slave
receive mode.

[Clearing condition]

¢ When 0 is written in AAS after reading AAS = 1

RENESAS
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Initial
Bit Bit Name Value R/W Description
0 ADZ 0 R/(W)* General Call Address Recognition Flag

This bit is valid in I°C bus format slave receive mode.
[Setting condition]
o When the general call address is detected in slave
receive mode
[Clearing condition]
e When 0 is written in ADZ after reading ADZ = 1
Note: * Only 0 can be written to clear the flag.

16.3.6 Slave Address Register (SAR)

SAR selects the communication format and sets the slave address. When the chip isin slave mode
with the I°C bus format, if the upper 7 bits of SAR match the upper 7 bits of the first frame
received after astart condition, the chip operates as the slave device.

Initial
Bit Bit Name Value R/W Description
7t01 SVA6+to AllO R/W Slave Address 6 to O
SVAO These bits set a unique address in bits SVA6 to SVAO,

differing form the addresses of other slave devices
connected to the I°C bus.

0 FS 0 R/W Format Select

0: I°C bus format is selected.

1: Clock synchronous serial format is selected.

16.3.7 I’C Bus Transmit Data Register (ICDRT)

ICDRT is an 8-hit readable/writable register that stores the transmit data. When ICDRT detects the
space in the shift register (ICDRS), it transfers the transmit data which iswritten in ICDRT to
ICDRS and starts transferring data. If the next transfer data is written to ICDRT during
transferring data of ICDRS, continuous transfer is possible. If the MLS bit of ICMR issetto 1

and when the datais written to ICDRT, the MSB/LSB inverted dataisread. Theinitial value of
ICDRT isH'FF. Theinitial value of ICDRT isH'FF.
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16.3.8 I°C Bus Receive Data Register (ICDRR)

ICDRR is an 8-hit register that stores the receive data. When data of one byteis received, ICDRR
transfers the receive data from ICDRS to ICDRR and the next data can be received. ICDRR isa
receive-only register, therefore the CPU cannot write to thisregister. Theinitial value of ICDRR
isH'FF.

16.3.9 I’C Bus Shift Register (ICDRYS)

ICDRS s aregister that is used to transfer/receive data. In transmission, datais transferred from
ICDRT to ICDRS and the data is sent from the SDA pin. In reception, dataiis transferred from
ICDRSto ICDRR after data of one byte isreceived. This register cannot be read directly from the
CPU.
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164 Operation

The I°C bus interface 2 can communicate either in 1°C bus mode or clock synchronous serial mode
by setting FSin SAR.

16.4.1 |°C Bus Format

Figure 16.3 shows the I°C bus formats. Figure 16.4 shows the I°C bus timing. The first frame
following a start condition always consists of 8 bits.

(a) I12C bus format (FS = 0)

si stA [rw| A | pata | A | [Aa | P |
1 7 11 n 1, 1 1, n:Transfer bit count
I T T T 1 I 1 (n=1to08)
1 m m: Transfer frame count
(m=1)
(b) 12C bus format (Repeated start condition, FS = 0)
[s] sta [rw[ A oata | [AA] s | sia |R/W| [ oata | [AA] P |
1 N ni K 1 7 N n2___ |, 1 1,
I T T 1 I T T 1 I 1
1 mi 1 m2

n1 and n2: Transfer bit count (n1 and n2 = 1 to 8)
m1 and m2: Transfer frame count (m1 and m2 > 1)

Figure 16.3 1°C BusFormats

Figure16.4 1°C BusTiming
[Legend]

S Start condition. The master device drives SDA from high to low while SCL is high.

SLA: Slaveaddress

R/W: Indicates the direction of data transfer: from the slave device to the master device when
R/W is 1, or from the master device to the slave device when R/W is 0.

A: Acknowledge. The receive device drives SDA to low.

DATA: Transfer data

P: Stop condition. The master device drives SDA from low to high while SCL is high.
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16.4.2 Master Transmit Operation

In master transmit mode, the master device outputs the transmit clock and transmit data, and the
slave device returns an acknowledge signal. For master transmit mode operation timing, refer to
figures 16.5 and 16.6. The transmission procedure and operations in master transmit mode are
described below.

1. SetthelCEbitinICCR1to 1. Set the MLS and WAIT bitsin ICMR and the CKS3 to CKS0
bitsin ICCR1 to 1. (Initial setting)

2. Read the BBSY flagin ICCR2 to confirm that the bus is free. Set the MST and TRS bitsin
ICCRL1 to select master transmit mode. Then, write 1 to BBSY and 0 to SCP using MOV
instruction. (Start condition issued) This generates the start condition.

3. After confirming that TDRE in ICSR has been set, write the transmit data (the first byte data
show the slave address and R/W) to ICDRT. At thistime, TDRE is automatically cleared to 0,
and dataiis transferred from ICDRT to ICDRS. TDRE is set again.

4. When transmission of one byte datais completed while TDRE is1, TEND in ICSRisset to 1
at the rise of the 9th transmit clock pulse. Read the ACKBR bit in ICIER, and confirm that the
slave device has been selected. Then, write second byte datato ICDRT. When ACKBR is 1,
the slave device has not been acknowledged, so issue the stop condition. To issue the stop
condition, write 0 to BBSY and SCP using MOV instruction. SCL isfixed low until the
transmit datais prepared or the stop condition is issued.

5. Thetransmit data after the second byte is written to ICDRT every time TDRE is set.

6. Write the number of bytes to be transmitted to ICDRT. Wait until TEND is set (the end of last
byte data transmission) while TDRE is 1, or wait for NACK (NACKF in ICSR = 1) from the
receive devicewhile ACKE in ICIER is 1. Then, issue the stop condition to clear TEND or
NACKF.

7. When the STOP bit in ICSR is set to 1, the operation returns to the slave receive mode.
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SCL
(Master output) 1 2 3 4

6 7 8 9 1 2

SDA
(Master output) \

/Bit7 XBite XBits X Bit4 X Bit3 X Bit2 X Bit1 X Bito / Bit7 X Bit6
‘r T<— Slave address — > R/W
SDA
(Slave output) / A I
TDRE I_l
A 1\ y
TEND ‘ /
ICDRT Address + RIW / / Data 1\X \Data 2
ICDRS Address + RIW / / X Data 1; \\
User o] Instruction of start [4] Write data to ICDRT (second byte) \ \
processing condition issuance
[3] Write data to ICDRT (first byte) [5] Write data to ICDRT (third byte)
Figure16.5 Master Transmit Mode Operation Timing (1)
SCL =
(Master output) 9 1 2 3 4 5 6 7 8 9
SDA | L
(Masteroutput) | \ Bit7 XBit6 X Bit5 X Bit4 X Bit3 X Bit2 X Bit1 X Bito /\ \ /—
SDA * 4

(Slave output)

TDRE
TEND
ICDRT Data n I /
ICDRS Data n I/
v
User [5] Write data to ICDRT [6] Issue stop condition. Clear TEND. ¢
processing

[7] Set slave receive mode

Figure16.6 Master Transmit Mode Operation Timing (2)
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16.4.3 Master Receive Operation

In master receive mode, the master device outputs the receive clock, receives data from the slave
device, and returns an acknowledge signal. For master receive mode operation timing, refer to
figures 16.7 and 16.8. The reception procedure and operations in master receive mode are shown
below.

1. Clear the TEND bit in ICSR to 0O, then clear the TRS bit in ICCR1 to 0 to switch from master
transmit mode to master receive mode. Then, clear the TDRE bit to 0.

2. When ICDRR isread (dummy data read), reception is started, and the receive clock is output,
and data received, in synchronization with the internal clock. The master device outputs the
level specified by ACKBT in ICIER to SDA, at the 9th receive clock pulse.

3. After the reception of first frame datais completed, the RDRF bit in ICST isset to 1 at therise
of 9th receive clock pulse. At thistime, the receive dataisread by reading ICDRR, and RDRF
iscleared to 0.

4. The continuous reception is performed by reading ICDRR every time RDRF is set. If 8th
receive clock pulse fals after reading ICDRR by the other processing while RDRFis 1, SCL is
fixed low until ICDRR isread.

5. If next frame isthe last receive data, set the RCVD hit in ICCR1 to 1 before reading ICDRR.
This enables the issuance of the stop condition after the next reception.

6. When the RDRF hit is set to 1 at rise of the 9th receive clock pulse, issue the stage condition.

7. Whenthe STOP bitin ICSRissetto 1, read ICDRR. Then clear the RCVD bit to 0.

8. The operation returns to the slave receive mode.
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Master transmit mode <+——

SCL
(Master output)

SDA

(Master output) _/ E \ \.A_/

SDA
(Slave output) _\ A/

TDRE

\
\
wms [} \
[ i

JII'
ICDRS S O Data 1 |
| \ \
ICDRR 5 \ X Datat
User \J E \ [3] Read ICDRR
processing [1] Clear TDRE after clearing  [2] Read ICDRR (dummy read)

TEND and TRS

Figure16.7 Master Receive Mode Operation Timing (1)
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SCL
(Master output) 9 1 2 3 4 5 6 7 8 9

(Mastzlrjc/;\utput) A \ AA / \
— 5
(Slave miput \ [git7 X Bite X Bit5 X Bita X Bits X Bit2 X Bit1 X Bito / /
A\ Y
RDRF /(I_
'
RCVD /'I_
X
0\
ICDRS Data n-1 \J \ \ Datan J/ %
v\l v [
ICDRR Xpatan1 \| A Datan |
progeS:sring 5] Read ICDRR after setting RCVD 7 S:Sisei?ggi/o 6] Issue/stop v

condition
[8] Set slave

receive mode

Figure16.8 Master Receive Mode Operation Timing (2)

16.4.4 Slave Transmit Operation

In slave transmit mode, the slave device outputs the transmit data, while the master device outputs
the receive clock and returns an acknowledge signal. For dlave transmit mode operation timing,
refer to figures 16.9 and 16.10.

The transmission procedure and operations in slave transmit mode are described below.

1. SetthelCEbitinICCR1to 1. Set the MLS and WAIT bitsin ICMR and the CKS3 to CKS0
bitsin ICCR1 to 1. (Initial setting) Set the MST and TRS hitsin ICCRL1 to select Slave receive
mode, and wait until the slave address matches.

2. When the slave address matches in the first frame following detection of the start condition,
the slave device outputs the level specified by ACKBT in ICIER to SDA, at therise of the 9th
clock pulse. At thistime, if the 8th bit data (R/'W) is 1, the TRS and ICSR bitsin ICCR1 are
set to 1, and the mode changes to slave transmit mode automatically. The continuous
transmission is performed by writing transmit datato ICDRT every time TDRE is set.

3. If TDRE is set after writing last transmit datato ICDRT, wait until TEND in ICSRissetto 1,
with TDRE = 1. When TEND is set, clear TEND.

4. Clear TRSfor the end processing, and read ICDRR (dummy read). SCL isfree.

5. Clear TDRE.
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Slave receive
mode

SCL
(Master output)

SDA
(Master output)

SCL
(Slave output)

SDA
(Slave output)

TDRE

TEND

TRS

ICDRT

ICDRS

ICDRR

User
processing

: Slave transmit

'
-~ ——

! mode

X‘\ Data 1

Data 2 Data 3

3________|
I

I
[ A\
[ /X" ostat

,
XData 2 I

[/

/
I
/

__x?

//
/

[2] Write data to ICDRT (data 1)

[2] Write data to ICDRT (data 2)

[2] Write data to ICDRT (data 3)

Figure16.9 Save Transmit Mode Operation Timing (1)
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Slave receive

mode
e

SCL
(Master output)

SDA S xoe

(Master output) _\_A_/ % .pl..'\_,_
scL 5

(Slave output) \_7/_

SDA \Bit7 XBit6 X Bit5 X Bit4 X Bit3 X Bit2 X Bit1 X Bito /

(Slave output)

TDRE
TEND

TRS / /|__

ICDRT /

L \ ]

ICDRS X [;ata n / :

/

ICDRR /

- 4 /oo

processing [3] Clear TEND [4] Read ICDRR (dummy read) [5] Clear TDRE
after clearing TRS

Figure16.10 Slave Transmit Mode Operation Timing (2)
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16.4.5 Slave Receive Oper ation

In slave receive mode, the master device outputs the transmit clock and transmit data, and the
slave device returns an acknowledge signal. For slave receive mode operation timing, refer to
figures 16.11 and 16.12. The reception procedure and operations in slave receive mode are
described below.

1. SetthelCEbitinICCR1to 1. Setthe MLSand WAIT bitsin ICMR and the CKS3 to CKS0
bitsin ICCR1 to 1. (Initial setting) Set the MST and TRS bitsin ICCR1 to select slave receive
mode, and wait until the slave address matches.

2. When the slave address matches in the first frame following detection of the start condition,
the slave device outputs the level specified by ACKBT in ICIER to SDA, at therise of the 9th
clock pulse. At the same time, RDRF in ICSR is set to read ICDRR (dummy read). (Since the
read data show the slave address and R/W, it is not used.)

3. Read ICDRR every time RDRF is set. If 8th receive clock pulse fallswhile RDRFis 1, SCL is
fixed low until ICDRR isread. The change of the acknowledge before reading ICDRR, to be
returned to the master device, is reflected to the next transmit frame.

4. Thelast byte dataisread by reading ICDRR.

SCL

(Master output) 9 1 2 3 4 5 6 7 8 9 1

(Mastar oupu) ] \ o7 X oo Yoo ( oe X e Yoz Yot X oo/ \biz )\
SCL

(Slave output)

(Slavse%ﬁtput) _\_A_/ \L/
RDRF \ |\ '

ICDRS ) | | Xbatat | Xpata2
L |
ICDRR X 1] X | [pata1
User v /
processing [2] Read ICDRR (dummy read) [2] Read ICDRR

Figure16.11 Slave Receive Mode Operation Timing (1)
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SCL
(Master output) 9 1 2 3 4 5 6 7 8 9

(Masti?futput) _/ \ Bit7 X Bite X Bits X Bit4 X Bits X Bit2 X Bit1 X 8ito / \ [

SCL

(Slave output) \ /
SDA
(Slave output) _\_A_/ \ A

RDRF ‘ X P I
— L
ICDRS /| X Data 1 \ | J| Koaa2
‘ T
ICDRR X \ [ X \datat
I v
User
processing [3] Set ACKBT [3] Read ICDRR [4] Read ICDRR

Figure16.12 Slave Receive Mode Operation Timing (2)

16.4.6 Clock Synchronous Serial Format

This module can be operated with the clock synchronous serial format, by setting the FS bit in
SARto 1. When the MST bit in ICCR1 is 1, the transfer clock output from SCL is selected. When
MST is 0, the external clock input is selected.

(1) DataTransfer Format
Figure 16.13 shows the clock synchronous serial transfer format.

Thetransfer datais output from the rise to the fall of the SCL clock, and the data at the rising edge
of the SCL clock is guaranteed. The MLS bit in ICMR sets the order of data transfer, in either the
MSB first or LSB first. The output level of SDA can be changed during the transfer wait, by the
SDAOQ hitin ICCR2.

SDA XBitOXBit1XBit2XBit3XBit4XBit5XBit6X Bit7

Figure16.13 Clock Synchronous Serial Transfer For mat
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(2) Transmit Operation

In transmit mode, transmit data is output from SDA, in synchronization with the fall of the transfer
clock. Thetransfer clock is output when MST in ICCR1 is 1, and isinput when MST is 0. For
transmit mode operation timing, refer to figure 16.14. The transmission procedure and operations
in transmit mode are described below.

1. SetthelCE bitinICCR1to 1. Set the MST and CKS3 to CKS0 bitsin ICCR1 to 1. (Initial
Setting)

2. Setthe TRShit in ICCRL1 to select the transmit mode. Then, TDRE in ICSR is set.

3. Confirm that TDRE has been set. Then, write the transmit datato ICDRT. The datais
transferred from ICDRT to ICDRS, and TDRE is set automatically. The continuous
transmission is performed by writing datato ICDRT every time TDRE is set. When changing
from transmit mode to receive mode, clear TRS while TDRE is 1.

scL \ [\ [2\ / 7 8 1 7 3 ]
(oi?;ﬁn) \ Bito ) Bit1 X zz X site X Bit7 ) Bito X i Y Bite X Bit7 XBitOX:

TRS

@
R4

o /f\ 7 ’ ) \ f \

oot | JJA] owat/f Datal> . \JA| Sas
A . : N/

icors | |/ \// a1’ Data2 \ // Dﬁte#

L

L ” A

processing [3] Write data [3] Write data [3] Write data  [3] Write data

o ICDRT 0 ICDRT to ICDRT to ICDRT
[2] Set TRS

Figure16.14 Transmit Mode Operation Timing
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(3) Receive Operation

In receive mode, datais latched at the rise of the transfer clock. The transfer clock is output when
MST inICCR1is 1, andisinput when MST is 0. For receive mode operation timing, refer to
figure 16.15. The reception procedure and operations in receive mode are described below.

1. SetthelCE bitin ICCR1to 1. Set the MST and CKS3 to CKS0 bitsin ICCR1 to 1. (Initial
Setting)

2. When the transfer clock is output, set MST to 1 to start outputting the receive clock.

3. When the receive operation is completed, datais transferred from ICDRS to ICDRR and
RDRF in ICSR is set. When MST = 1, the next byte can be received, so the clock is
continually output. The continuous reception is performed by reading ICDRR every time
RDREF is set. When the 8th clock isrisen while RDRF is 1, the overrun is detected and
AL/OVE inICSRisset. At thistime, the previous reception datais retained in ICDRR.

4. To stop receiving when MST = 1, set RCVD in ICCR1 to 1, then read ICDRR. Then, SCL is
fixed high after receiving the next byte data.

SCL \ /1\ /2\ / 7 8 1 7 8 1 2
(im) \ Bito J Bit1 ) f X Bite Y Bit7 X Bito ) f Y Bite Y Bit7 X Bito X Bit1 X:
AU A

MST 1
TRS 7 K
RDRF / {C C | I_
| ; — f
ICDRS [ X Daat ] Y /pata2 ] \ Daty/3
’ 5 P 4 A /
ICDRR / « X / Data1 X I?étaz
I 7 / 4 /
User \ 4 \
processing [2] Set MST [3] Read ICDRR [3] Read ICDRR

(when outputting the clock)

Figure16.15 Receive Mode Operation Timing
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16.4.7 Noise Canceler

Thelogic levels on the SCL and SDA pins are internally latched via noise cancelers. Figure 16.16
shows a block diagram of the noise canceler circuit.

The noise canceler consists of two cascaded latches and a match detector. The SCL (or SDA)
input signal is sampled on the system clock, but is not passed forward to the next circuit unless the
outputs of both latches agree. If they do not agree, the previous value is held.

Sampling clock

SCL or SDA

; ) —|D Q D Q Internal
input signal

Match detector |—= SCL or SDA

Latch Latch |—> signal

System clock
period

|

Sampling
clock

Figure16.16 Block Diagram of Noise Conceler

16.4.8 Example of Use

Flowcharts in respective modes that use the I°C bus interface 2 are shown in figures 16.17 to
16.20.
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[1]  Test the status of the SCL and SDA lines.

Initialize

| ReadBBSYinicCR2 |

No BBSY=0 ?
Yes
Set MST and TRS
in ICCR1 o 1.

[2] Set master transmit mode.

[3] Issue the start condition.

[4] Set the first byte (slave address + R/W) of transmit data.

[5]  Wait for 1 byte to be transmitted.

[7]  Setthe second and subsequent bytes (except for the final byte) of transmit data.

Read TEND in ICSR |

==

Yes

5] [8] Wait for ICDRT empty.

[9] Set the last byte of transmit data.

| Read ACKBRInICIER |

] [6] Test the acknowledge transferred from the specified slave device.
] 6] [10] Wait for last byte to be transmitted.

[11] Clear the TEND flag.

| Mater receive mode ||

[[Wiite wransmit data in IcDRT] | 171

[12] Clear STOP flag.

|  Read TDREinICSR |

No 8] [13] Issue the stop condition.
m [14] Wait for the creation of stop condition.
No [15] Set slave receive mode. Clear TDRE.
Yes l

| Write transmit data in ICDRT |
S — -

Read TEND in ICSR__|

L

Yes -
— |

| Clear TENDinICSR |

| cClearsTOPinISCR |

Write 0 to BBSY
and SCP

Read STOP in ICSR

[14]
Yes -
Set MST to 0 and TRS
to 0in ICCR1 [15]

| cClearTDREinICSR |

Figure16.17 Sample Flowchart for Master Transmit Mode
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" Master receive mode "

| [1] Clear TEND, select master receive mode, and then clear TDRE.*
| Clear TENDInICSR |
Il

| Clear TRSin ICCR1t00 |
Il

(1 [2] Set acknowledge to the transmit device.*
4

|_ClearTDREinICSR | [3] Dummy-read ICDDR.*
Il

Clear ACKBT in ICIER to 0

I
| Dummy-read ICDRR |

2] [4] Wait for 1 byte to be received

[5] Check whether it is the (last receive - 1).

S [y S S | A S ) S

[3]
i:l [6] Read the receive data last.
| ReadRDRFinICSR |
4] [7] Set acknowledge of the final byte. Disable continuous reception (RCVD = 1).
[8] Read the (final byte - 1) of receive data.
5] [9] Wait for the last byte to be receive.
[10] Clear STOP flag.
[6]
[11] Issue the stop condition.
- [12] Wait for the creation of stop condition.
Set ACKBT in ICIER to 1
T 7] [13] Read the last byte of receive data.
| Set RCVD in ICCR1 to 1 | [14] Clear RCVD.
T n
[ Read ICDRR | :l 8] [15] Set slave receive mode.

I

|__Read RDRFinICSR |

Yes
Clear STOP in ICSR_] ] v

| Write 0 to BBSY | (1)

and SCP

| Read STOPin ICSR |

Yes
| Read ICDRR |
1

3]

Clear RCVD in ICCR1 to 0

[14]

I
Clear MST in ICCR1 to 0 |

Note: * Do not activate an interrupt during the execution of steps [1] to [3].
[18]

| IS IS E—

For single-byte reception, skip steps [2] to [6] after step [1]. Then, jump to
step [7]. Dummy-read in step [8].

End

Figure 16.18 Sample Flowchart for Master Receive Mode
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|| Slave transmit mode || [1] Clear the AAS flag.

T
[ Clear AAS in ICSR | :l (1] [2] Set transmit data for ICDRT (except for the last data).

—

Write transmit data 2 [3] Wait for ICDRT empty.
in ICDRT ,
- [4] Set the last byte of transmit data.
[ Read TDRE in ICSR | [5] Wait for the last byte to be transmitted.
No [3]
[6] Clearthe TEND flag .
Yes : [7] Set slave receive mode.
No .
$ [8] Dummy-read ICDRR to release the SCL line.
4
Yes ) [9] Clear the TDRE flag.
Write transmit data
in ICDRT
[ ReadTENDInICSR | |
No @ [5]

Yes
[ ClearTENDinICSR__| | 6]
[ ClearTRs WICORT 100 | Jm
[ Dummy oad ICDRR G
[ Cioar TORE 1 IGSR | e
End

Figure16.19 Sample Flowchart for Slave Transmit Mode
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" Slave receive mode "
I

| clearaasinicsr |
I

Clear ACKBT in ICIER to 0

I
I Dummy-read ICDRR I

—

| ReadRDRFinICSR |

Set ACKBT in ICIER to 1

| Read ICDRR |

]

| Read RDRFinICSR |

>

Yes
| Read ICDRR |

(1]

(2]

(3]

1L

(4]

5]

] s

(71

(8]

9]

- 3 —J L1

(10]

1
(2]
(3]
(4]
(5]
6]
[71
8]
9]

Clear the AAS flag.

Set acknowledge to the transmit device.
Dummy-read ICDRR.

Wait for 1 byte to be received.

Check whether it is the (last receive - 1).
Read the receive data.

Set acknowledge of the last byte.

Read the (last byte - 1) of receive data.

Wait the last byte to be received.

[10] Read for the last byte of receive data.

For single-byte reception, skip steps [2] to [6] after
step [1]. Then, jump to step [7]. Dummy-read in step [8].

Figure16.20 Sample Flowchart for Slave Receive Mode
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16,5 Interrupt Request

There are six interrupt requests in this module; transmit data empty, transmit end, receive datafull,
NACK receive, STOP recognition, and arbitration lost/overrun. Table 16.3 shows the contents of
each interrupt request.

Table16.3 Interrupt Requests

Clock
Synchronous
Interrupt Request Abbreviation Interrupt Condition I’C Mode Mode
Transmit Data Empty  TXI (TDRE=1)-(TIE=1) o o
Transmit End TEI (TEND =1) - (TEIE = 1) o o
Receive Data Full RXI (RDRF=1)-(RIE=1) o o)
STOP Recognition STPI (STOP =1) «(STIE=1) o x
NACK Receive NAKI {(NACKF =1) + (AL=1)} - o) x
Arbitration (NAKIE = 1) o o
Lost/Overrun

When interrupt conditions described in table 16.3 are 1 and the | bit in CCR is 0, the CPU
executes interrupt exception processing. Interrupt sources should be cleared in the exception
processing. TDRE and TEND are automatically cleared to 0 by writing the transmit data to
ICDRT. RDRF are automatically cleared to O by reading ICDRR. TDRE is set to 1 again at the
same time when transmit datais written to ICDRT. When TDRE is cleared to O, then an excessive
data of one byte may be transmitted.
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16.6  Bit Synchronous Circuit

In master mode, this module has a possibility that high level period may be short in the two states
described below.

e When SCL isdriven to low by the slave device

e When therising speed of SCL islowered by the load of the SCL line (load capacitance or pull-
up resistance)

Therefore, it monitors SCL and communicates by bit with synchronization.

Figure 16.21 shows the timing of the bit synchronous circuit and table 16.4 shows the time when
SCL output changes from low to Hi-Z then SCL is monitored.

SCL monitor
timing reference

clock
scL —~VH XK

|
N
| | T |_
Internal SCL 4@J ...................... .‘: -

|

Figure16.21 Timing of Bit Synchronous Cir cuit

Table16.4 Timefor Monitoring SCL

CKS3 CKS2 Time for Monitoring SCL
0 0 7.5 tcyc

1 19.5 teyc
1 0 17.5 teye

1 41.5 teyc
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16.7  Usage Notes

16.7.1 Note on Issuing Stop Condition and Start (Re-Transmit) Condition

The stop condition or start (re-transmit) condition should be issued after recognizing the falling
edge of the ninth clock. The falling edge of the ninth clock can be recognized by checking the
SCLO bit in the I2C control register 2 (ICCR2). Note that if the stop condition or start (re-
transmit) condition isissued in aparticular timing and the situations shown below, these
conditions may not correctly output.

1. Therising edge of the SCL becomes less sharp and longer due to the SCL bus load (load
capacitor and pull-up resistor) than the period defined in section 16.6, Bit Synchronous Circuit.

2. When the slave device elongates the low level period between the eighth and ninth clocks and
activates the bit synchronous circuit.

16.7.2 Note on Setting WAIT Bit in 12C BusMode Register (ICMR)

The WAIT bit in the I°C bus mode register (ICMR) should be set to 0. Note that if the WAIT bit is
set to 1, when a slave device holds the SCL signal low more than one transfer clock cycle during
the eighth clock, the high level period of the ninth clock may be shorter than a given period.

16.7.3 Restriction on Transfer Rate Setting in Multimaster Operation

In multimaster operation, if the |1C transfer rate setting in this LS| is slower than those of the other
masters, SCL may be output with an unexpected width. To avoid this phenomenon, set the transfer
rate by 1/1.8 or faster than the fastest rate of the other masters. For example, if the fastest transfer
rate of the other mastersis set to 400 kbps, the |1C transfer rate in this LS| should be set to 223
kbps (= 400/1.18) or more.
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16.7.4 Restriction on the Use of Bit Manipulation Instructionsfor MST and TRS
Setting in Multimaster Operation

In multimaster operation, if the master transmit is set with bit manipulation instructionsin the
order from the MST bit to the TRS hit, the AL bit in the ICSR register will be set to 1 but the
master transmit mode (MST = 1, TRS = 1) may be set, depending on the arbitration lost timing. To
avoid this phenomenon, the following actions should be performed:

e Inmultimaster operation, use the MOV instruction to set bits MST and TRS.

e When arbitration is lost, confirm the contents of bits MST and TRS. If the contents are other
than MST =0and TRS=0, set MST =0and TRS=0 again.

16.7.5 Usage Note on Master Receive M ode

In master receive mode, SCL isfixed low on the falling edge of the 8th clock while the RDRF bit
isset to 1. When ICDRR isread around the falling edge of the 8th clock, the clock isonly fixed
low in the 8th clock of the next round of data reception. The SCL isthen released from its fixed
state without reading ICDRR and the 9th clock is output. As aresult, some receive dataislost.
To avoid this phenomenon, the following actions should be performed:

e Read ICDRR in master receive mode before the rising edge of the 8th clock.
e Set RCVD to 1in master receive mode and perform communication in units of one byte.
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Section 17 A/D Converter

This LSl includes a successive approximation type 10-bit A/D converter that allows up to six
anaog input channelsto be selected. The block diagram of the A/D converter is shown in figure
17.1.

17.1 Features

10-bit resolution

Six input channels

High-speed conversion: 12.4 us per channel (at 10-MHz operation)
Sample and hold function

Conversion start method

A/D conversion can be started by software and external trigger.
Interrupt source

An A/D conversion end interrupt request can be generated.

Use of module standby mode enabl es this module to be placed in standby mode independently
when not used. (The A/D converter is halted astheinitial value. For details, refer to section
5.4, Module Standby Function.)

PN
ADTRG
AMR
/
AN1 o—» 1%
AN2 o—p- . a
Multiplexer <
AN3 o—p ©
AVce =
AN4 o—» <
AN5 o——p _ Comparator v o
[
AVCCo—» 1V
Reference v
voltage  —
< ADRR >
VSS o——» L~
[Legend]
AMR:  A/D mode register NS
ADSR: A/D start register L » IRRAD
ADRR: A/D result register
IRRAD: A/D conversion end interrupt request flag
Figure17.1 Block Diagram of A/D Converter
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17.2  Input/Output Pins
Table 17.1 shows the pin configuration of the A/D converter.

Table17.1 Pin Configuration

Pin Name Abbreviation  1/0 Function

Analog power supply pin  AVcc Input Power supply and reference voltage of
analog part

Ground pin Vss Input Ground and reference voltage

Analog input pin 0 ANO Input Analog input pins

Analog input pin 1 AN1 Input

Analog input pin 2 AN2 Input

Analog input pin 3 ANS3 Input

Analog input pin 4 AN4 Input

Analog input pin 5 AN5 Input

External trigger input pin  ADTRG Input External trigger input that controls the A/D

conversion start.

17.3 Register Descriptions
The A/D converter has the following registers.

e A/D result register (ADRR)
e A/D moderegister (AMR)
e A/D start register (ADSR)

17.3.1 A/D Result Register (ADRR)

ADRR is a 16-bit read-only register that stores the results of A/D conversion. The datais stored in
the upper 10 bits of ADRR. ADRR can be read by the CPU at any time, but the ADRR vaue
during A/D conversion is undefined. After A/D conversion is completed, the conversion result is
stored as 10-bit data, and this datais retained until the next conversion operation starts. The initial
value of ADRR is undefined. Thisregister must be read in words.
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17.3.2

A/D Mode Register (AMR)

AMR setsthe A/D conversion time, and selects the external trigger and analog input pins.

Initial
Bit Bit Name Value R/W Description
7 — 0 — Reserved
This bit is always read as 0 and cannot be modified.
6 TRGE 0 R/W External Trigger Select
Enables or disables the A/D conversion start by the
external trigger input.
0: Disables the A/D conversion start by the external
trigger input.
1: Starts A/D conversion at the rising or falling edge of
the ADTRG pin
The edge of the ADTRG pin is selected by the
ADTRGNEG bit in IEGR.
5 CKS1 0 R/W Clock Select
4 CKSO0 0 R/W Select the A/D conversion clock source.
00: ¢/8
(conversion time = 124 states (max.)
(reference clock = ¢)
01: ¢/4
(conversion time = 62 states (max.)
(reference clock = ¢)
10: ¢/2
(conversion time = 31 states (max.)
(reference clock = ¢)
11: ¢w/2
(conversion time = 31 states (max.)
(reference clock = ¢,,)
While CKS1 and CKSO are all 1 in subactive or
subsleep mode, the A/D converter can be used only
when the CPU operating clock is ¢w.
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Initial

Bit Bit Name Value R/W Description
3 CHS3 0 R/W Channel Select 3to 0
2 CH2 0 R/W Select the analog input channel.
1 CH1 0 R/W 00xx: No channel selected
0 CHO 0 R/W 0100: ANO

0101: AN1

0110: AN2

0111: AN3

1000: AN4

1001: AN5

101x: No channel selected
11xx: No channel selected

The channel selection should be made while the ADSF
bit is cleared to 0.

[Legend] x: Don't care.

17.3.3 A/D Start Register (ADSR)
ADSR starts and stops the A/D conversion.

Initial
Bit Bit Name Value R/W Description

7 ADSF 0 R/W When this bit is set to 1, A/D conversion is started.
When conversion is completed, the converted data is
set in ADRR and at the same time this bit is cleared to
0. If this bit is written to 0, A/D conversion can be
forcibly terminated.

6 LADS 0 R/W Ladder Resistance Select
0: Ladder resistance operates while the A/D converter
is idle.
1: Ladder resistance is halted while the A/D converter
is idle.
The ladder resistance is always halted in standby

mode, watch mode, or module standby mode, and at a
reset.

5to0 — All 1 — Reserved

These bits are always read as 1 and cannot be
modified.
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174  Operation

The A/D converter operates by successive approximation with 10-bit resolution. When changing
the conversion time or analog input channel, in order to prevent incorrect operation, first clear the
bit ADSFto0in ADSR.

17.4.1 A/D Conversion

1. A/D conversion is started from the selected channel when the ADSF bit in ADSR isset to 1,
according to software.

2. When A/D conversion is completed, the result is transferred to the A/D result register.

3. On completion of conversion, the IRRAD flag in IRR2 isset to 1. If the IENAD bit in IENR2
isset to 1 at thistime, an A/D conversion end interrupt request is generated.

4, The ADSF bit remains set to 1 during A/D conversion. When A/D conversion ends, the ADSF
bit is automatically cleared to O and the A/D converter enters the wait state.

17.4.2 External Trigger Input Timing

The A/D converter can aso start A/D conversion by input of an external trigger signal. External
trigger input is enabled at the ADTRG pin when the ADTSTCHG bit in PMRB is set to 1* and the
TRGE bitin AMR is set to 1. Then when the input signal edge designated in the ADTRGNEG hit
in IEGR is detected at the ADTRG pin, the ADSF bit in ADSR will be set to 1, starting A/D
conversion.

Figure 17.2 shows the timing.

Note: * The ADTRG input pin is shared with the TEST pin. Therefore when the pinis used as
the ADTRG pin, reset should be cleared while the O-fixed signal isinput to the TEST
pin. Then the ADTSTCHG bit should be set to 1 after the TEST signal is fixed.

’ Uy oe

ADTRG E
(when : |

ADTRGNEG = 0) \

ADSF

A/D conversion

<
-¢

Figure17.2 External Trigger Input Timing
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17.4.3 Operating States of A/D Converter

Table 17.2 shows the operating states of the A/D converter.

Table17.2 Operating States of A/D Converter

Operating Sub- Module

Mode Reset Active Sleep Watch active Sub-sleep Standby Standby

AMR Reset Functions Retained Retained Functions/  Retained Retained Retained
Retained**

ADSR Reset Functions Functions Retained Functions/  Functions/  Retained Retained

Retained**  Retained*®

ADRR Retained*'  Functions Functions Retained Functions/  Functions/  Retained Retained

Retained**  Retained**

Notes: 1. Undefined at a power-on reset.

2. Function if ¢w/2 is selected as the internal clock. Halted and retained otherwise.

175 Exampleof Use

An example of how the A/D converter can be used is given below, using channel 1 (pin AN1) as
the analog input channel. Figure 17.3 shows the operation timing.

1.

o 0k~ w

Bits CH3 to CHO in the A/D mode register (AMR) are set to 0101, making pin AN1 the
analog input channel. A/D interrupts are enabled by setting bit IENAD to 1, and A/D
conversion is started by setting bit ADSF to 1.

When A/D conversion is completed, bit IRRAD is set to 1, and the A/D conversion result is
stored in ADRR. At the same time bit ADSF is cleared to 0, and the A/D converter goes to the
idle state.

Bit IENAD =1, so an A/D conversion end interrupt is requested.
The A/D interrupt handling routine starts.

The A/D conversion result is read and processed.

The A/D interrupt handling routine ends.

If bit ADSF is set to 1 again afterward, A/D conversion starts and steps 2 through 6 take place.
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Figures 17.4 and 17.5 show flowcharts of procedures for using the A/D converter.
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Figure 17.3 Example of A/D Conversion Operation
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>
| Set A/D conversion speed and input channel |

| Disable A/D conversion end interrupt |

|
| Start A/D conversion |

Read ADSR |

*

Read ADRR data |

Perform A/D conversion?

Figure17.4 Flowchart of Procedurefor Using A/D Converter (Polling by Softwar )

| Set A/D conversion speed and input channel |
|

| Enable A/D conversion end interrupt |
|

| Start A/D conversion |

Clear IRRAD bitin IRR2to 0 |
|
| Read ADRR data [

Perform A/D conversion?

Figure17.5 Flowchart of Procedurefor Using A/D Converter (Interrupts Used)
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17.6  A/D Conversion Accuracy Definitions

This LSI'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 (seefigure 17.6).
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 0000000000 to 0000000001
(seefigure 17.7).

Full-scale error

The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from 1111111110to 1111111111 (seefigure 17.7).
Nonlinearity error

The error with respect to the ideal A/D conversion characteristics between zero voltage and
full-scale voltage. Does not include offset error, full-scale error, or quantization error.

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 |-
ot1 |
010 |-

Quantization error

001 |~

000 | | | | | | |

Analog
input voltage

Figure17.6 A/D Conversion Accuracy Definitions (1)

Digital output Full-scale error

-

Ideal A/D conversion
characteristic 7

/" — Nonlinearity
/ error

’
’
’

-~ Actual A/D conversion
./ characteristic

— FS

Analog
Offset error input voltage

Figure17.7 A/D Conversion Accuracy Definitions (2)
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17.7  Usage Notes

17.71 Permissible Signal Source | mpedance

This LSI'sanalog input is designed such that conversion accuracy is guaranteed for an input signal
for which the signal source impedance is 10 kQ or less. This specification is provided to enable
the A/D converter's sample-and-hold circuit input capacitance to be charged within the sampling
time; if the sensor output impedance exceeds 10 kQ, charging may be insufficient and it may not
be possible to guarantee A/D conversion accuracy. However, with alarge capacitance provided
externally, the input load will essentially comprise only the internal input resistance of 10 kQ2, and
the signal source impedanceisignored. However, as alow-pass filter effect is obtained in this
case, it may not be possible to follow an analog signal with alarge differential coefficient (e.g., 5
mV/us or greater) (see figure 17.8). When converting a high-speed analog signal, alow-
impedance buffer should be inserted.

17.7.2 I nfluences on Absolute Accuracy

Adding capacitance results in coupling with GND, and therefore noisein GND may adversely
affect absolute accuracy. Be sure to make the connection to an electrically stable GND.

Careisalso required to ensure that filter circuits do not interfere with digital signals or act as
antennas on the mounting board.

This LS A/D converter

Sensor output equivalent circuit
impedance
to 10 kQ 10 kQ

Sensor input ‘M‘ _L _L VAN—-L
Tlow-pass =— : Cin= 48 pF
! filter I 15 pF I I
1Cto0.1uF :
--------------- 1

Figure 17.8 Example of Analog Input Circuit
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17.7.3 Usage Notes

1. ADRR should be read only when the ADSF bit in ADSR is cleared to 0.
2. Changing the digital input signal at an adjacent pin during A/D conversion may adversely
affect conversion accuracy.

3. When A/D conversion is started after clearing module standby mode, wait for 10¢ clock
cycles before starting A/D conversion.
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Section 18 Comparators

This LSl includes comparators to compare the input voltage and reference voltage.

The block diagram of the comparatorsis shown in figure 18.1.

18.1 Features

o Reference voltage can be specified asinternal power supply or external input (V Cref).

o When theinternal power supply is selected as the reference voltage, programmable selection of
sixteen types of voltagesis possible.

e When theinternal power supply is selected, the hysteresis characteristics of the comparison
result can be selected.

e Two anaog input channels
Each channel includes its own comparator.

e Use of module standby mode enables this module to be placed in standby mode independently
when not used. (A comparator is halted as the initial value. For details, refer to section 5.4,
Module Standby Function.)

Comparator
COMPO
B .
3
[0
j Comparator
COMPH1 2
VCref f g
[0} ©
o) ©
U’] z
|_q { CMCRO g
] CMCR1
26/30 4R N
R
25/30 || Interrupt
24/30 R generator
10/30 Interrupt
R request
9/30
9R | [Legend]
CMDR: Compare data register
CMCRO: Compare control register 0
CMCR1: Compare control register 1
Figure18.1 Block Diagram of Comparators
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18.2  Input/Output Pins
Table 18.1 shows the pin configuration of the comparators.

Table18.1 Pin Configuration

Pin Name Abbreviation /0 Function

Comparator reference VCref Input Comparator reference voltage pin
voltage (external input)

Analog input channel 0 COMPO Input Comparator analog input pin 0
Analog input channel 1 COMP1 Input Comparator analog input pin 1

18.3 Register Descriptions

The comparators have the following registers. For details on register addresses and register states
during each processing, refer to section 20, List of Registers.

e Compare control registers 0, 1 (CMCRO, CMCR1)
e Compare dataregister (CMDR)

18.3.1 Compare Control Registers0, 1 (CMCRO, CMCR1)

CMCRO0 and CMCRL control the comparators.

Initial
Bit Bit Name  Value R/W Description
7 CME 0 R/W Comparator Enable

0: Comparator halted

1: Comparator operates

6 CMIE 0 R/W Comparator Interrupt Enable
0: Disables a comparator interrupt
1: Enables a comparator interrupt

5 CMR 0 R/W Comparator Reference Voltage Select
0: Selects internal power supply as reference voltage
1: Reference voltage is input from VCref pin
For the combination of the CMR and CMLS bits.
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Initial
Bit Bit Name  Value R/W Description
4 CMLS 0 R/W Comparator Hysteresis Select
0: Selects non-hysteresis
1: Selects hysteresis
When CMR = 1, clear this bit to 0.
For the combination of the CMR and CMLS bits.
3 CRS3 0 R/W Internal Reference Voltage Select
2 CRS2 0 R/W When CMR = 0 and CMLS = 0, the electric potential of
1 CRS1 0 R/W V. is selected as the internal power supply.
0 CRS0 0 rw  WhenCMR =0and CMLS =1, V_will be as follows.
When CMR = 1, CRS3 to CRSO settings are disabled.
VIH VIL
0000: 11/30Vcc 9/30Vcce
0001: 12/30Vce 10/30Vcce
0010: 13/30Vcce 11/30Vce
0011: 14/30Vcc 12/30Vcce
0100: 15/30Vce 13/30Vcce
0101: 16/30Vcce 14/30Vce
0110: 17/30Vce 15/30Vcce
0111: 18/30Vcc 16/30Vcce
1000: 19/30Vce 17/30Vce
1001: 20/30Vcc 18/30Vcce
1010: 21/30Vce 19/30Vcce
1011: 22/30Vce 20/30Vce
1100: 23/30Vce 21/30Vce
1101: 24/30Vcc 22/30Vce
1110: 25/30Vce 23/30Vce
1111: 26/30Vce 24/30Vcc
For the selectable range by the CRS bits, see section
21, Electrical Characteristics.
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Table18.2 Combination of CMR and CML S Bits

CMR CMLS Function

0 0 Compares the internal power supply (voltage set for V,, by the CRS3
to CRSO bits) and electric potential of the COMP pin.

No hysteresis.

1 Compares the internal power supply and electric potential of the
COMP pin.
With hysteresis. V,, and V,_ are set by the CRS3 to CRSO0 bits.
1 0 Compares the electric potential of the VCref and COMP pins.

No hysteresis.

1 Setting prohibited

18.3.2 Compare Data Register (CMDR)

CMDR stores the result of comparing the analog input pin and reference voltage.

Initial

Bit Bit Name  Value R/W Description
7,6 — All O — Reserved

These bits are always read as 0.
5 CMF1 0 R/(W)*' COMP1 Interrupt Flag

[Setting condition]

When COMP1 interrupt occurs

[Clearing condition]

0 is written to CMF1 after reading CMF1 = 1
4 CMFO 0 R/(W)*' COMPO Interrupt Flag

[Setting condition]

When COMPO interrupt occurs

[Clearing condition]

0 is written to CMFO after reading CMFO = 1

3,2 — AllO — Reserved
These bits are always read as 0.
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Initial
Bit Bit Name  Value R/W Description
1 CDR1 —x2 R [Setting condition]
COMP1 pin > Reference voltage
[Clearing condition]
COMP1 pin < Reference voltage
0 CDRO —2 R [Setting condition]

COMPO pin > Reference voltage
[Clearing condition]
COMPO pin < Reference voltage

Notes: 1. Only 0 can be written to clear the flag.

2. Depends on the pin state and reference voltage.

184  Operation

18.4.1 Operation Sequence

The operation sequence of a comparator is as follows:

1

7.

When using V Cref, the pins to be used are enabled by the corresponding port mode registers.
For details, see section 8, 1/0O Ports.
Select the reference voltage (CMR setting: internal power supply or V Cref).

When the internal power supply is selected as the reference voltage, select the hysteresis
characteristics (CML S setting) and reference voltage (CRS3 to CRSO0 setting).

Set the comparator enable bit (CME).

After setting CME, wait for the conversion time (see section 21, Electrical Characteristics) so
that the comparator becomes stabilized.

Read from CDR.

After reading the CMF flag, write 0 to it (reading the CMF flag can be performed
simultaneously with step 5).

If aninterrupt isto be generated, set the comparator interrupt enable bit (CMIE).

Note: Steps 2 and 3 can be done simultaneously by writing to the entire register.
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18.4.2 Hysteresis Characteristics of Comparator

Figure 18.2 shows CDR when hysteresisis or is not selected by the CMLS bit CMCR and the
input voltage to the COMP pins. The hysteresis characteristics for the comparison result (CDR) by
the comparator can be selected by the CMLS bit, as shown in figure 18.2.

When CMR = 0 and CRS3 to CRS0 = B'1000 (VIH = 19/30Vcc, VIL = 17/30Vcc)
A COMP pin input voltage

19/30 Vce

17/30 Vce

CDR (CMLS = 0) I : |
CDR (CMLS = 1) | [

Figure18.2 HysteresisNon-Hysteresis Selection by CDR

18.4.3 Interrupt Setting

When the CDR bit is read while the comparator interrupt is enabled and both the CME and CMIE
bitsare set to 1, it islatched in the internal latch. When a difference occurs between the output of
the latch and the CDR bit, the interrupt is generated. While the CDR bit is being read, the interrupt
is masked.
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To set the interrupt, follow the procedure shown in figure 18.3 or 18.4.

[1] Set the CME bit. Wait a conversion time for the comparator stabilized.
[2] Read the CDR bit.
[38] Setthe CMIE bit.

[4] Read the CDR bit. At this time, the CDR bit is latched in the internal latch for the comparator
and the internal interrupt enable signal is asserted.

[5] As the relationship between the voltage on the COMP pin and reference voltage is changed,
a difference occurs between the output level of the internal latch and the CDR bit. Then an
interrupt is generated.

[6] Clear the CMF bit in the interrupt handler. When reading the CMF bit for clearing it, the CDR bit is
also read since those bits are in the same register. Therefore, the output of the internal latch is
updated. Go to step [5] to continue use of the interrupt.

[7] Clear the CMIE bit to clear the interrupt setting and clear the CME bit to stop the comparator.
Clearing the CMIE bit negates the internal interrupt enable signal.

The interrupt flag may be set depending on the internal states of the comparator, pin states, the
timing of setting the internal interrupt enable signal shown in step [4], and the timing of the CDR bit
latched. To avoid this, execute steps [2] to [4] continuously or ensure that the CMF bit is cleared
using the | bit in CCR as shown in figure 18.4.

When CMR = 0 and CMRS3 to CMRS0 = B'1000 (VIH = 19/30 Vcc)

19/30VCC  f-mmmmmm e e e T ST S
. E Voltage on
, , COMP pin
Conversion time —>E—:<— —>E—:-<— Conversion time
CDR (CMLS =0) |\
|
CME |

\ ——

!
\ 7]

CMIE E |

(3]

Interrupt enable signal

Stabilization time
(conversion time)

i ]
e

&l (6] 5] (6]

CDR read signal

| ot 2] [4]
nternal latcl Z7]Unstable A\

for comparator
[4]

CMF

Figure18.3 Procedurefor Setting Interrupt (1)
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[ setibitinCCRto1 |  Disable interrupts by the I bit.

| Set CME bit to 1 | Set the comparator enable bit to 1.
‘ Wait for the comparator stabilized.

| Set CMIE bit to 1 | Enable the interrupt. Actually, the
‘ interrupt is masked by the | bit.

| Read CDR bit | The CDR bit is latched in the internal
* latch by reading it.

| Clear CMF bit | Clear the interrupt request flag.

| Clear | bitin CCR to 0 | Enable interrupts by the | bit.

Figure18.4 Procedurefor Setting Interrupt (2)

185 Usage Notes

1

The COMP pin whose channel is operating as a comparator becomes a comparator analog
input pin. It cannot be used for any other function.

When external input is used as the reference voltage (CMRO = 1 or CMRL1 = 1), the V Cref pin
cannot be used for any other function.

To stop the operation of a comparator, clear the CMEQ and CMEL bitsin CMCRO and
CMCRL1 to 0, before clearing the COMPCKSTP bit in CKSTPR2 to 0.

If the LSI enters the standby mode or watch mode when a comparator is operating, the internal
operation of the comparator is maintained. Since the comparator operates even in standby
mode or watch mode, it returns to the same mode after the specified interrupt is canceled,
though the current for the comparator is consumed.

If acomparator is not required to return to the standby mode or watch mode when an interrupt
is canceled and the current consumption needs to be reduced, stop the comparator by clearing
the CMEO and CMEZ1 hitsin CMCRO0 and CMCRL to 0 before shifting the mode.
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Section 19 Power-On Reset Circuit

This LSl has an on-chip power-on reset circuit. A block diagram of the power-on reset circuit is

shown in figure 19.1.

19.1 Feature

e Power-on reset circuit

Aninternal reset signal is generated at turning the power on by externally connecting a

capacitor.
Vce
Vce o —CK  3pit COouT
R counter

Ax Rp

BEE R Internal

RES —>
{ Voltage s Q reset signal

© detector |
=T

77

Figure19.1 Power-On Reset Circuit
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19.2  Operation

19.2.1 Power-On Reset Circuit

The operation timing of the power-on reset circuit is shown in figure 19.2. Asthe power supply
voltage rises, the capacitor, which is externally connected to the RES pin, is gradually charged
through the on-chip pull-up resistor (Rp). The low level of the RES pin is sent to the LS| and the
whole LS is reset. When the level of the RES pin reaches to the predetermined level, avoltage
detection circuit detects it. Then a 3-bit counter starts counting up. When the 3-bit counter counts
¢ for 8 times, an overflow signal is generated and an internal reset signal is negated.

The capacitance (Crgs) which is connected to the RES pin can be computed using the following
formula; where the RES rising timeist. For the on-chip resistor (Rp), see section 21, Electrical
Characteristics. The power supply rising time (t_vtr) should be shorter than half the RES rising
time (t). The RES rising time (t) is also should be longer than the oscillation stabilization time
(trc).

Cres = R (t>trc, t>t_virx 2)

p
Note that the power supply voltage (Vcc) must fall below Vpor = 100 mV and rise after charge on
the RES pin isremoved. To remove charge on the RES pin, it is recommended that the diode
should be placed near Vcc. If the power supply voltage (Vcc) rises from the point above Vpor, a

power-on reset may not occur.

Internal reset

I ter t_out (eight states
signal ! — ) — (eig )

Figure19.2 Power-On Reset Circuit Operation Timing
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Section 20 List of Registers

The register list gives information on the on-chip 1/0 register addresses, how the register bits are
configured, and the register states in each operating mode. The information is given as shown
below.

1.

Register addresses (address order)

Registers are listed from the lower allocation addresses.
Registers are classified by functional modules.

The data bus width is indicated.

The number of access states is indicated.

Register bits
Bit configurations of the registers are described in the same order as the register addresses.
Reserved bits are indicated by — in the bit name column.

When the bit number isin the bit name column, it indicates that the entire register is allocated
to acounter or data.

When registers consist of 16 hits, bits are described from the MSB side.

Register states in each operating mode
Register states are described in the same order as the register addresses.

The register states described here are for the basic operating modes. If there is a specific reset
for an on-chip peripheral module, refer to the section on that on-chip peripheral module.
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20.1 Register Addresses (AddressOrder)
The data bus width indicates the number of hits by which the register is accessed.

The number of access states indicates the number of states based on the specified reference clock.

Abbre- Module Data Bus Access
Register Name viation Address Name Width State
Flash memory control register 1 FLMCR1  H'F020 ROM 8 2
Flash memory control register 2 FLMCR2 H'F021 ROM 8 2
Flash memory power control register FLPWCR H'F022 ROM 8 2
Erase block register 1 EBR1 H'F023 ROM 8 2
Flash memory enable register FENR H'FO2B ROM 8 2
RTC interrupt flag register RTCFLG H'F067 RTC 8 2
Second data register/free running RSECDR H'F068 RTC 8 2

counter data register

Minute data register RMINDR  H'F069 RTC 8 2
Hour data register RHRDR H'FOBA RTC 8 2
Day-of-week data register RWKDR H'F06B RTC 8 2
RTC control register 1 RTCCR1  H'F06C RTC 8 2
RTC control register 2 RTCCR2 H'FO6D RTC 8 2
Clock source select register RTCCSR H'FO6F RTC 8 2
I’C bus control register 1 ICCR1 H'FO78 lnca 8 2
I’C bus control register 2 ICCR2 H'FO79 lic2 8 2
I’C bus mode register ICMR H'FO7A lnca 8 2
I’C bus interrupt enable register ICIER H'FO7B lIc2 8 2
I’C bus status register ICSR H'FO7C lncz 8 2
Slave address register SAR H'FO7D lc2 8 2
I’C bus transmit data register ICDRT H'FO7E |[072 8 2
I’C bus receive data register ICDRR H'FO7F lic2 8 2
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Abbre- Module Data Bus Access

Register Name viation Address Name Width State
Port function control register PFCR H'F085 System 8 2
Port pull-up control register 8 PUCRS8 H'F086 I/O ports 8 2
Port pull-up control register 9 PUCR9 H'F087 I/O ports 8 2
Port open-drain control register 9 PODR9 H'FO8C I/O ports 8 2
Timer mode register B1 TMBA1 H'FODO Timer B1 8 2
Timer counter B1/ TCB1 (R)/ H'FOD1 Timer B1 8 2
Timer load register B1 TLB1 (W)

Compare control register 0 CMCRO H'FODC Comparator 8 2
Compare control register 1 CMCR1 H'FODD Comparator 8 2
Compare data register CMDR H'FODE Comparator 8 2
SS control register H SSCRH H'FOEO SSU*! 8 3
SS control register L SSCRL H'FOE1 SSU*! 8 3
SS mode register SSMR H'FOE2 SSu*! 8 3
SS enable register SSER H'FOE3 SSuU*! 8 3
SS status register SSSR H'FOE4 SSu*! 8 3
SS receive data register SSRDR H'FOE9 SSU*! 8 3
SS transmit data register SSTDR H'FOEB SSU*! 8 3
Timer mode register W TMRW H'FOFO Timer W 8 2
Timer control register W TCRW H'FOF1 Timer W 8 2
Timer interrupt enable register W TIERW H'FOF2 Timer W 8 2
Timer status register W TSRW H'FOF3 Timer W 8 2
Timer I/O control register 0 TIORO H'FOF4 Timer W 8 2
Timer 1/O control register 1 TIOR1 H'FOF5 Timer W 8 2
Timer counter TCNT H'FOF6 Timer W 16 2
General register A GRA H'FOF8 Timer W 16 2
General register B GRB H'FOFA Timer W 16 2
General register C GRC H'FOFC Timer W 16 2
General register D GRD H'FOFE Timer W 16 2
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Abbre- Module Data Bus Access

Register Name viation Address Name Width State
Event counter PWM compare register ECPWCR  H'FF8C AEC*? 16 2
Event counter PWM data register ECPWDR H'FFSE AEC** 16 2
Serial port control register SPCR H'FF91 SCI3 8 2
Input pin edge select register AEGSR H'FF92 AEC*? 8 2
Event counter control register ECCR H'FF94 AEC*? 8 2
Event counter control/status register ECCSR H'FF95 AEC*? 8 2
Event counter H ECH H'FF96 AEC*? 8 2
Event counter L ECL H'FF97 AEC*? 8 2
Serial mode register 3 SMRS3 H'FF98 SCI3 8 3
Bit rate register 3 BRR3 H'FF99 SCI3 8 3
Serial control register 3 SCR3 H'FF9A SCI3 8 3
Transmit data register 3 TDRS3 H'FF9B SCI3 8 3
Serial status register 3 SSR3 H'FF9C SCI3 8 3
Receive data register 3 RDRS3 H'FFID SCI3 8 3
Serial extended mode register SEMR H'FFA6 SCI3 8 3
IrDA control register IrCR H'FFA7 IrDA 8 2
Timer mode register WD TMWD H'FFBO WDT*® 8 2
Timer control/status register WD1 TCSRWD1 H'FFB1 wDT*® 8 2
Timer control/status register WD2 TCSRWD2 H'FFB2 WDT*® 8 2
Timer counter WD TCWD H'FFB3 WDT*® 8 2
A/D result register ADRR H'FFBC A/D 16 2

converter
A/D mode register AMR H'FFBE A/D 8 2

converter
A/D start register ADSR H'FFBF A/D 8 2

converter
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Abbre- Module Data Bus Access
Register Name viation Address Name Width State
Port mode register 1 PMR1 H'FFCO I/0 ports 8 2
Port mode register 3 PMR3 H'FFC2 1/O ports 8 2
Port mode register B PMRB H'FFCA I/O ports 8 2
Port data register 1 PDR1 H'FFD4 I/O ports 8 2
Port data register 3 PDR3 H'FFD6 I/O ports 8 2
Port data register 8 PDR8 H'FFDB I/O ports 8 2
Port data register 9 PDR9 H'FFDC I/O ports 8 2
Port data register B PDRB H'FFDE I/O ports 8 2
Port pull-up control register 1 PUCR1 H'FFEO I/O ports 8 2
Port pull-up control register 3 PUCRS3 H'FFE1 I/O ports 8 2
Port control register 1 PCR1 H'FFE4 1/O ports 8 2
Port control register 3 PCR3 H'FFE6 I/O ports 8 2
Port control register 8 PCR8 H'FFEB I/0 ports 8 2
Port control register 9 PCR9 H'FFEC 1/O ports 8 2
System control register 1 SYSCR1 HFFFO System 8 2
System control register 2 SYSCR2 H'FFF1 System 8 2
Interrupt edge select register IEGR H'FFF2 Interrupts 8 2
Interrupt enable register 1 IENR1 H'FFF3 Interrupts 8 2
Interrupt enable register 2 IENR2 H'FFF4 Interrupts 8 2
Oscillator control register OSCCR H'FFF5 System 8 2
Interrupt flag register 1 IRR1 H'FFF6 Interrupts 8 2
Interrupt flag register 2 IRR2 H'FFF7 Interrupts 8 2
Clock stop register 1 CKSTPR1 H'FFFA System 8 2
Clock stop register 2 CKSTPR2 H'FFFB System 8 2

Notes: 1. SSU: Synchronous serial communication unit
2. AEC: Asynchronous event counter

3. WDT: Watchdog timer
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20.2

Register Bits

Register bit names of the on-chip peripheral modules are described below.

The 16-bit register isindicated in two rows, 8 hits for each row.

Register Module
Abbreviation Bit7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit1l Bit0 Name
FLMCR1 — SWE ESU PSU EV PV E P ROM
FLMCR2 FLER — — — — — — —

FLPWCR PDWND — — — — — — _

EBR1 — — — EB4 EB3 EB2 EB1 EBO

FENR FLSHE — — — — — — —

RTCFLG FOIFG WKIFG DYIFG HRIFG MNIFG 1SEIFG 05SEIFG ~ 025SEIFG  RTC
RSECDR BSY sct12 SC11 SC10 SC03 SC02 SCo1 SC00

RMINDR BSY MN12 MN11 MN10 MNO3 MNO2 MNO1 MNOO

RHRDR BSY — HR11 HR10 HRO3 HRO2 HRO1 HROO

RWKDR BSY — — — — WK2 WK1 WKO

RTCCR1 RUN 12/24 PM RST INT — — —

RTCCR2 FOIE WKIE DYIE HRIE MNIE 1SEIE 05SEIE 025SEIE

RTCCSR — RCS6 RCS5 SUB32K RCS3 RCS2 RCS1 RCSO

ICCR1 ICE RCVD MST TRS CKS3 CKS2 CKS1 CKS0 lc2
ICCR2 BBSY ScP SDAO SDAOP SCLO — IICRST —

ICMR MLS WAIT — — BCWP BC2 BC1 BCO

ICIER TIE TEIE RIE NAKIE STIE ACKE ACKBR ACKBT

ICSR TDRE TEND RDRF NACKF STOP AL/OVE AAS ADZ

SAR SVA6 SVA5 SVA4 SVA3 SVA2 SVA1 SVAO FS

ICDRT ICDRT7 ICDRT6 ICDRT5 ICDRT4 ICDRT3 ICDRT2 ICDRT1 ICDRTO

ICDRR ICDRR7 ICDRR6 ICDRR5 ICDRR4 ICDRR3 ICDRR2 ICDRR1 ICDRRO

PFCR — — — SSuS IRQ1S1 IRQ1S0 IRQOST IRQOSO System
PUCRS — — — PUCR84  PUCR83  PUCR82  — — /O ports
PUCR9 — — — — PUCR93  PUCR92  PUCR91 PUCR90

PODR9 — — — — P930ODR  P920DR  P910DR  P90ODR

TMB1 TMB17 TMB16 — — — TMB12 TMB11 TMB10 Timer B1
TCB1 (R)/ Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

TLB1 (W)
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Register Module
Abbreviation Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Name
CMCRO CMEO CMIEO CMRO CMLSO0 CRS03 CRS02 CRSO01 CRS00 Comparator
CMCRH1 CME1 CMIE1 CMR1 CMLS1 CRS13 CRS12 CRS11 CRS10
CMDR — — CMF1 CMFO — — CDR1 CDRO
SSCRH MSS BIDE SO0S SOL SOLP SCKS CSS1 CSS0 Ssu+'!
SSCRL — SSUMS SRES SCKOS CSO0Ss — — —
SSMR MLS CPOS CPHS — — CKS2 CKS1 CKS0
SSER TE RE RSSTP —_ TEIE TIE RIE CEIE
SSSR — ORER — — TEND TDRE RDRF CE
SSRDR Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SSTDR Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TMRW CTS — BUFEB BUFEA — PWMD PWMC PWMB Timer W
TCRW CCLR CKS2 CKS1 CKS0 TOD TOC TOB TOA
TIERW OVIE — — — IMIED IMIEC IMIEB IMIEA
TSRW OVF — — — IMFD IMFC IMFB IMFA
TIORO — 10B2 10B1 10B0O — I0A2 10A1 I0A0
TIOR1 — 10D2 10D1 10D0 — 10Cc2 10C1 10Co
TCNT TCNT15 TCNT14 TCNT13 TCNT12 TCNT11 TCNT10 TCNT9 TCNT8
TCNT7 TCNT6 TCNT5 TCNT4 TCNT3 TCNT2 TCNT1 TCNTO
GRA GRA15 GRA14 GRA13 GRA12 GRA11 GRA10 GRA9 GRA8
GRA7 GRA6 GRA5 GRA4 GRA3 GRA2 GRA1 GRAO
GRB GRB15 GRB14 GRB13 GRB12 GRB11 GRB10 GRB9 GRB8
GRB7 GRB6 GRB5 GRB4 GRB3 GRB2 GRB1 GRBO
GRC GRC15 GRC14 GRC13 GRC12 GRC11 GRC10 GRC9 GRC8
GRC7 GRC6 GRC5 GRC4 GRC3 GRC2 GRCH GRCO
GRD GRD15 GRD14 GRD13 GRD12 GRD11 GRD10 GRD9 GRD8
GRD7 GRD6 GRD5 GRD4 GRD3 GRD2 GRD1 GRDO
ECPWCR ECPWCR15 ECPWCR14 ECPWCR13 ECPWCR12 ECPWCR11 ECPWCR10 ECPWCR9 ECPWCR8 AEC*’
ECPWCR7 ECPWCR6 ECPWCR5 ECPWCR4 ECPWCR3 ECPWCR2 ECPWCR1 ECPWCRO
ECPWDR ECPWDR15 ECPWDR14 ECPWDR13 ECPWDR12 ECPWDR11 ECPWDR10 ECPWDR9 ECPWDR8
ECPWDR7 ECPWDR6 ECPWDR5 ECPWDR4 ECPWDR3 ECPWDR2 ECPWDR1 ECPWDRO
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Register Module

Abbreviation Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Name

SPCR — — — SPC3 — — SCINV1 SCINVO SCI3

AEGSR AHEGSH1 AHEGSO  ALEGS1 ALEGSO  AIEGS1 AIEGSO ECPWME — — AEC*?

ECCR ACKH1 ACKHO ACKLA1 ACKLO PWCK2 PWCK1 PWCKO —

ECCSR OVH ovL — CH2 CUEH CUEL CRCH CRCL

ECH ECH7 ECH6 ECH5 ECH4 ECH3 ECH2 ECH1 ECHO

ECL ECL7 ECL6 ECL5 ECL4 ECL3 ECL2 ECL1 ECLO

SMR3 COM CHR PE PM STOP MP CKST1 CKSO0 SCI3

BRR3 BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRR1 BRRO

SCR3 TIE RIE TE RE MPIE TEIE CKET1 CKEO

TDR3 TDR7 TDR6 TDR5 TDR4 TDR3 TDR2 TDR1 TDRO

SSR3 TDRE RDRF OER FER PER TEND MPBR MPBT

RDR3 RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDR1 RDRO

SEMR — — — — ABCS — — —

IrCR IrE IrCKS2 IrCKS1 IrCKS0 — — — — IrDA

TMWD — — — — CKS3 CKS2 CKSH1 CKSO0 WDT*®

TCSRWD1 B6WI TCWE B4WI TCSRWE  B2wI WDON BOWI WRST

TCSRWD2 OVF B5WI WTAT B3WI IEOVF — — —

TCWD TCW7 TCW6 TCW5 TCW4 TCW3 TCW2 TCW1 TCWo

ADRR ADR9 ADRS8 ADR7 ADR6 ADRS ADR4 ADR3 ADR2 AD
ADR1 ADRO o o o o o o converter

AMR — TRGE CKS1 CKS0 CH3 CH2 CHT1 CHo

ADSR ADSF LADS — — — — _ _

PMR1 — — IRQAEC FTCI AEVL CLKOUT  TMOW AEVH 1/O ports

PMR3 — — — — — — — VCref

PMRB — — — — ADTSTCHG — IRQ1 IRQO

PDR1 — — — — — P12 P11 P10

PDR3 — — — — — P32 P31 P30

PDR8 — — — P84 P83 P82 — —

PDR9 — — — — P93 P92 P91 P90

PDRB — — PB5 PB4 PB3 PB2 PB1 PBO

PUCR1 — — — — — PUCR12 PUCR11 PUCR10
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Register Module
Abbreviation Bit 7 Bit 6 Bit5 Bit 4 Bit3 Bit 2 Bit1 Bit 0 Name
PUCR3 — — — — — PUCR32 PUCR31 PUCR30 /O ports
PCR1 _ — — — — PCR12 PCR11 PCR10

PCR3 — — — — — PCR32 PCR31 PCR30

PCR8 — — — PCR84 PCR83 PCR82 — —

PCR9 — — — — PCR93 PCR92 PCR91 PCR90

SYSCR1 SSBY STS2 STSH STSO LSON TMA3 MA1 MAO System
SYSCR2 — — — NESEL DTON MSON SA1 SA0

IEGR NMIEG — ADTRGNEG — — — IEG1 IEGO Interrupts
IENR1 IENRTC — — — — IENEC2 IEN1 IENO

IENR2 — IENAD — — — IENTB1 — IENEC

OSCCR SUBSTP RFCUT SUBSEL — — — OSCF — System
IRR1 — — — — — IRREC2 IRRI1 IRRIO Interrupts
IRR2 — IRRAD — — — IRRTB1 — IRREC

CKSTPR1 — S3CKSTP  — ADCKSTP  — TB1CKSTP  FROMCKSTP RTCCKSTP System
CKSTPR2 — TWCKSTP  IICCKSTP ~ SSUCKSTP  AECCKSTP  WDCKSTP ~ COMPCKSTP —

Notes: 1. SSU: Synchronous serial communication unit
2. AEC: Asynchronous event counter
3. WDT: Watchdog timer
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20.3 Register Statesin Each Operating Mode

EE%:’Set\?irz;\tion Reset Active  Sleep Waitch Subactive Subsleep Standby Module
FLMCRA1 Initialized — — — — — Initialized ROM
FLMCR2 Initialized — — — — — —

FLPWCR Initialized — — — — — —

EBR1 Initialized —— — — — — Initialized

FENR Initialized — — — — — _

RTCFLG — — — _ _ _ ] RTC
RSECDR — — — — — — —

RMINDR — — — — — _ _

RHRDR — — — — — _ —

RWKDR — — — — — — —

RTCCR1 — — — — — _ —

RTCCR2 — — — — — — —

RTCCSR Initialized — — — — _ _

ICCR1 Initialized — — — — — — IIC2
ICCR2 Initialized — — — — — —

ICMR Initialized — — — — — —

ICIER Initialized — — — — — —

ICSR Initialized — — — — _ _

SAR Initialized — — — — — —

ICDRT Initialized — — — — _ _

ICDRR Initialized — — — — — —

PFCR Initialized — — — — — — System
PUCR8 Initialized — — — — — — I/0 ports
PUCR9 Initialized — — — — — —

PODR9 Initialized — — — — _ _

TMB1 Initialized —— — — — — — Timer B1
TCB1/TLB1 Initialized — — — — — —
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Egglrset\?i;tion Reset Active  Sleep Watch Subactive Subsleep Standby Module
CMCRO Initialized  — — — — — — Comparator
CMCRH1 Initialized — — — — — —

CMDR Initialized — — — — _ _

SSCRH Initialized —— — — — — — SSuU*!
SSCRL Initialized — — — — — —

SSMR Initialized — — — — — _

SSER Initialized — — — — — —

SSSR Initialized —— — — — _ _

SSRDR Initialized — — — — — —

SSTDR Initialized — — — — _ _

TMRW Initialized — — — — — — Timer W
TCRW Initialized — — — — — —

TIERW Initialized — — — — — _

TSRW Initialized — — — — — —

TIORO Initialized —— — — — _ _

TIOR1 Initialized — — — — — —

TCNT Initialized — — — — — —

GRA Initialized —— — — — — _

GRB Initialized — — — — — —

GRC Initialized — — — — _ _

GRD Initialized — — — — — —

ECPWCR Initialized — — — — — — AEC*?
ECPWDR Initialized —— — — — — _

SPCR Initialized — — — — — — SCI3
AEGSR Initialized —— — — — — — AEC*2
ECCR Initialized — — — — — —

ECCSR Initialized — — — — _ _

ECH Initialized — — — — — —

ECL Initialized — — — — — —
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Egglrset\?i;tion Reset Active  Sleep Watch Subactive Subsleep Standby  Module
SMR3 Initialized — — Initialized — — Initialized SCI3
BRR3 Initialized — — Initialized — — Initialized

SCRS3 Initialized — — Initialized — — Initialized

TDR3 Initialized — — Initialized — — Initialized

SSR3 Initialized — — Initialized — — Initialized

RDRS3 Initialized —— — Initialized — — Initialized

SEMR Initialized — — Initialized — — Initialized

IrCR Initialized — — Initialized — — Initialized  IrDA
TMWD Initialized —— — — — — — WDT*®
TCSRWD1 Initialized — — — — — _

TCSRWD2 Initialized —— — — — — _

TCWD Initialized —— — — — — —

ADRR — — — — — _ _ A/D
AMR Initialized ~— - — — — _ converter
ADSR Initialized — — — — _ _

PMR1 Initialized — — — — — — I/0 ports
PMR3 Initialized — — — — — _

PMRB Initialized —— — — — — _

PDR1 Initialized — — — — — _

PDR3 Initialized — — — — — —

PDR8 Initialized —— — — — — —

PDR9 Initialized  — — — — — —

PDRB Initialized —— — — — — _

PUCRA1 Initialized — — — — — —

PUCR3 Initialized —— — — — — _

PCR1 Initialized —— — — — — —

PCR3 Initialized — — — — _ _

PCR8 Initialized — — — — — —

PCR9 Initialized — — — — — —
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Esglrset\?i;tion Reset Active  Sleep Watch Subactive Subsleep Standby Module

SYSCR1 Initialized — — — — — — System

SYSCR2 Initialized —— — — — — —

IEGR Initialized —— — — — — — Interrupts
IENR1 Initialized —— — — — — —

IENR2 Initialized — — — — — —

OSCCR Initialized —— — — — — — System

IRR1 Initialized  — — — — — — Interrupts
IRR2 Initialized — — — — — —

CKSTPR1 Initialized —— — — — — — System

CKSTPR2 Initialized — — — — — —

Notes: — is not initialized.

1. SSU: Synchronous serial communication unit
2. AEC: Asynchronous event counter

3. WDT: Watchdog timer
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Section 21 Electrical Characteristics

21.1  Absolute Maximum Ratingsfor F-ZTAT Version
Table 21.1 lists the absolute maximum ratings.

Table21.1 Absolute Maximum Ratings

Item Symbol Value Unit Note
Power supply voltage Ve, -0.3t0 +4.3 v *!
Analog power supply voltage AV . -0.3t0 +4.3 \Y
Input voltage Other than port B V., -0.3to V_ +0.3 \Y
Port B AV, -0.3t0 AV, +0.3 \Y
Operating temperature T oo —20 to +75 °C
(general
specifications)**
—40 to +85
(wide temperature
range
specifications)**
Storage temperature T —551to0 +125 °C

stg

Notes: 1. Permanent damage may occur to the LSI if absolute maximum ratings are exceeded.
Normal operation should be under the conditions specified in Electrical Characteristics.
Exceeding these values can result in incorrect operation and reduced reliability.
2. The operating temperature range for flash memory programming/erasing is T, = 0 to
+75°C.
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21.2 Electrical Characteristicsfor F-ZTAT Version

21.2.1 Power Supply Voltage and Operating Range

The power supply voltage and operating range are indicated by the shaded region in the figures.

(1) System clock oscillator selected (10-MHz version)

100 ------- o S84 |:|
: = R
=3 ! z i . i
Baol-e- i--e-
I [
1.8 2.7 3.6 Vcc (V) 1.8 27 3.6 Vcec (V)
* Active (high-speed) mode * All operating modes
¢ Sleep (high-speed) mode * Refer to note
R,s/32 used (reference value)
. 8125f-------
N
T
=3
S
9.375f -------

i
1.8 27 3.6 Vce (V)
* All operating modes

(2) System clock oscillator selected (4-MHz version)

kHz)
w
N
N
[
[e9)

N
I 1 1 '
S - Lo
w9 I L
H ] i H H 1
1.8 2.7 3.6 Vcc (V) 1.8 2.7 3.6Vce (V)
* Active (high-speed) mode * All operating modes
e Sleep (high-speed) mode  Refer to note

R,s/32 used (reference value)

1
1.8 27 3.6 Vcec (V)
* All operating modes

Note: * When using a resonator, hold the Vcc level in the range from 2.2 V to 3.6 V until the oscillation
stabilization time has elapsed after switching on.

Figure21.1 Power Supply Voltage and Oscillation Frequency Range (1)
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(3) On-chip oscillator selected

R,sc Used (reference value)

fw (kHz)
@
N
N
o
&

fosc (MHZ)
o n
w o

[l L
1.8 2.7 3.6 Vcc (V) 1.8 27 3.6 Vcc (V)

* Active (high-speed) mode ¢ All operating modes
 Sleep (high-speed) mode  Refer to note

R,sc/32 used (reference value)
8125 [ --------

oy (kH2)

H H H
1.8 27 3.6 Vcc (V)
* All operating modes

Note: * When using a resonator, hold the Vcc level in the range from 2.2 V to 3.6 V until the oscillation
stabilization time has elapsed after switching on.

Figure21.2 Power Supply Voltage and Oscillation Frequency Range (2)

Rev. 3.00 May 15, 2007 Page 387 of 516
RENESAS REJ09B0152-0300




Section 21 Electrical Characteristics

(1) System clock oscillator selected (10-MHz version)

100 f------- e
N 1
T h
=3 :
g ,
40fF-------d----
) ) )
1.8 2.7 3.6 Vcc (V)
¢ Active (high-speed) mode
* Sleep (high-speed) mode
1250 b - - === oo g - -
625k -------a----
~
T
=3
<

|

1.8 2.7 3.6 Vce (V)

* Active (medium-speed) mode
* Sleep (medium-speed) mode

osus (kHz)

dsus (kH2)

384 ------- -|:|
32.768 fF-------- |:|

192 ------- :l
16.384 f-------- :l

(<)) —
8192 F .

g
T

1
1.8 2.7 3.6 Vo (V)

¢ Subactive mode
* Subsleep mode (other than CPU)
¢ Watch mode (other than CPU)

R,s/32 used (reference value)

1.8 2.7 3.6 Vcc (V)
* Subactive mode

¢ Subsleep mode (other than CPU)
* Watch mode (other than CPU)

Figure21.3 Power Supply Voltage and Oper ating Frequency Range (1)
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(2) System clock oscillator selected (4-MHz version)

384 ----m-- :l
32768 f - ------ |:|

= | | |
EJE] SE m—
z 16.384 f------ - l:l
2 j ! A
96fF-------
R [c 2] :
§ o42p------- | L
=3 48 ------- E
S 20k - ]
HEH P
1.8 2.7 3.6 Vce (V) 1.8 2.7 3.6 Vce (V)
* Active (high-speed) mode ¢ Subactive mode
* Sleep (high-speed) mode * Subsleep mode (other than CPU)
* Watch mode (other than CPU)
525 | -------
~N
I
=3
=g
R,so/32 used (reference value)
3125 ------- r
. . . 8125 -
[ [ ' N
| | I T
1 1 1 _E/
: : : @
1 1 1 8
: : 1 e 1A72p------- T T !
H i H i i i
1.8 2.7 3.6 Vce (V) 1.8 27 3.6 Vcc (V)
* Active (medium-speed) mode * Subactive mode
* Sleep (medium-speed) mode * Subsleep mode (other than CPU)

* Watch mode (other than CPU)

Figure21.4 Power Supply Voltage and Operating Frequency Range (2)
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(3) On-chip oscillator selected

Rosc Used (reference value)

o (MHz)

03fF------- :

i i i
1.8 2.7 3.6 Vcc (V)
 Active (high-speed) mode
* Sleep (high-speed) mode

Rosc Used (reference value)

 (kHz)

2.7 3.6 Vce (V)

* Active (medium-speed) mode
¢ Sleep (medium-speed) mode

0 sus (kH2)

o sus (KH2)

384 ------ —/ ]
32768 F------- |____|
] —
16.384 f - === l:l

96 -cmmn-- '

R L] :
] S
4096 ------- :|
R R

1.8 2.7 3.6 Vcc (V)
¢ Subactive mode
¢ Subsleep mode (other than CPU)
* Watch mode (other than CPU)

R,sc/32 used (reference value)

1.8 2.7 3.6 Vcc (V)

¢ Subactive mode
* Subsleep mode (other than CPU)
¢ Watch mode (other than CPU)

Figure21.5 Power Supply Voltage and Oper ating Frequency Range (3)
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(1) System clock oscillator selected (10-MHz version)

100 f---------

-
: g L S —
= . < : | :
40 f--mmmne- beee- | 2 ! : :
oo - oo
1 i 1 i i i

1.8 2.7 3.6 Avcc (V) 1.8 2.7 3.6 AVcc (V)

* Active (high-speed) mode * All operating modes

* Sleep (high-speed) mode
R,s/32 used (reference value)

81.25 | --------

o sus (kH2)

1.8 2.7 3.6 AVcc (V)
* All operating modes

(2) System clock oscillator selected (4-MHz version)

o0 (MHz)
N S
o N
O suB (

1.8 2.7 3.6 Avce (V) 1.8 2.7 3.6 AVce (V)
¢ Active (high-speed) mode  All operating modes
* Sleep (high-speed) mode

R,s/32 used (reference value)

81.25 f--------

¢ sus (kH2)

1.8 2.7 3.6 AVcc (V)
* All operating modes

Figure21.6 Analog Power Supply Voltage and Operating Frequency Range of
A/D Converter (1)
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(3) On-chip oscillator selected

Rosc used (reference value)

T 884 [
z
= 32.768f---------
= 3 . . :
T 26 - < ! ! :
2 : ; i
& 03 fm-mmmon- . . ! ! !
i i i i ) i
1.8 27 3.6 Avcc (V) 1.8 2.7 3.6 Avcc (V)
* Active (high-speed) mode  All operating modes
¢ Sleep (high-speed) mode
Rosc/32 used (reference value)
N 8125 """
I
=
o
?
<
9.375|--------- ,
H H H
1.8 2.7 3.6 AVcc (V)

* All operating modes

Figure21.7 Analog Power Supply Voltage and Operating Frequency Range of

A/D Converter (2)
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21.2.2 DC Characteristics

Table 21.2 lists the DC characteristics.

Table21.2 DC Characteristics

V,.=18V1t036V,AV_=18Vt03.6V,V, =0.0V, unlessotherwise specified.

Values

Iltem Symbol Applicable Pins Test Condition Min. Typ. Max. Unit Notes
Input high V,, RES, TEST, 0.9V, — Vee+03  V
voltage NMI*°, AEVL,

AEVH, ADTRG,

SCKS3, IRQAEC

IRQO**, IRQT** 0.9V, — AV +0.3

RXD3, IrRXD 0.8V, — Ve +0.3

OSCt 0.9V,, — Ve + 0.3

X1 0.9V, — Vg, +0.3

P10 to P12, 0.8V, — Ve +0.3

P30 to P32,

P82 to P84,

P90 to P93,

SSI, SSO,

SSCK, SCS,

FTCI, FTIOA,

FTIOB, FTIOC,

FTIOD,

E7_0to E7_2,

SCL, SDA

PBO to PB5 0.8V AV +0.3
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Values
Item Symbol Applicable Pins Test Condition Min. Typ. Max. Unit Notes
Inputlow V. RES, TEST, -0.3 — 0.1V, Y
voltage NMI*®, IRQO,
IRQ1, IRQAEC,
AEVL, AEVH,
ADTRG, SCK3
RXD3, IrRXD -0.3 — 0.2V,
0OSC1 -0.3 — 0.1V,
X1 -0.3 — 0.1V,
P10 to P12, -0.3 — 0.2V,
P30 to P32,
P82 to P84,
P90 to P93,
SCL, SDA,
PBO to PBS5,
SSl, SSO,
SSCK, SCS,
FTCI, FTIOA,
FTIOB, FTIOC,
FTIOD,
E7 Oto E7_2,
SCL, SDA
Output Vo P10 to P12, Iy, =1.0mA Ve—1.0 — — Y
high P30 to P32, Vec=2.7Vto 3.6V
voltage P90 to P93 —l,=0.1 mA Vy—03 — —
P82 to P84 —lpy=1.0mA Vee—1.0 — —
Vee=27V1t03.6V
I, =0.1 mA Vi—03 — —
Output low V. P10 to P12, loe =0.4 mA — — 0.5 \
voltage P30 to P32,
P90 to P93
P82 to P84 lo. =15 mA, — — 1.0
Vec=27Vto3.6V
lo. =10 MA, — — 0.5
Vecc=22Vto3.6V
lo. =8 MA — — 0.5
SCL, SDA loe =3.0mA — — 04
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Values
Iltem Symbol Applicable Pins Test Condition  Min. Typ. Max. Unit Notes
Input/output | 1, | TEST, NMI*®, V,=05Vto — — 1.0 YA
leakage 0SC1, X1,P10 V. —-05V
current to P12,
P30 to P32,
P82 to P84,
P90 to P93,
E7_O0toE7_2
PBO to PB5 V,=05Vto — — 1.0
AV,—-05V
Pull-up MOS -, P10 to P12, Ve =3V, 30 — 180 pA
current P30 to P32, V=0V
P82 to P84,
P90 to P93
Input (o All input pins f=1MHz, — — 15.0 pF
capacitance except power V=0V,
supply pin Ta=25°C
Active mode |, Ve Active (high- — 1.1 — mA  Max.
supply speed) mode, guideline =
current V=18V, 1.1x
fose = 2 MHZ typ.*'*?
Active (high- — 1.2 — Max.
speed) mode, guideline =
Ve =3V, 1.1 x
fose = Rose typ.**?
Reference
value
Active (high- — 26 4.0 1k
speed) mode, 4-MHz
V=3V, version
fosc = 4.2 MHz
Active (high- — 6.0 10.0 1k
speed) mode, 10-MHz
V=3V, version
fose = 10 MHz
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Values
Item Symbol Applicable Pins Test Condition  Min. Typ. Max. Unit Notes
Active mode |, . Active (medium- — 0.4 — mA  Max.
supply speed) mode, guideline
current V=18V, =11x
fose = 2 MHzZ, typ.x'*2
$../64
Active (medium- — 0.7 1.1 1k
speed) mode, 4-MHz
Vee=3V, version
fosc = 4.2 MHz,
o /64
Active (medium- — 0.8 1.3 1k
speed) mode, 10-MHz
Vee=3V, version
fose = 10 MHz,
o /64
Sleep mode g, oo Vee=1.8V, — 0.9 — mA  Max.
supply fose = 2 MHz guideline
current =11x
typ.*1*2
Vee=3VY, — 2.0 3.2 Tk
fosc = 4.2 MHz 4-MHz
version
V=3V, — 4.2 6.4 * 12
fose = 10 MHZz 10-MHz
version
Subactive g, o V=27V, — 7.0 — pA - xTE
mode supply 32-kHz crystal Reference
current resonator (¢g,; = value
0,/8)
V=27V, — 25 — %2
32-kHz crystal Reference
resonator (¢, = value
6u/2)
V=27V, — 80 — * k2
on-chip Reference
oscillator/32 (¢, value
= ¢y = Rese/32)
V=27V, — 45 75 *1xE
32-kHz crystal
resonator (¢g,s =
bw)
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Values
Item Symbol Applicable Pins Test Condition  Min. Typ. Max. Unit Notes
Subsleep lsusse Vo V=27V, — 3.5 — pA P
mode supply 32-kHz crystal Reference
current resonator (¢, = value
9/2)
VCC =27V, —_ 34 — * %2
on-chip Reference
oscillator/32 (¢gys value
=dy = Rosc/32)
V=27V, — 5.1 16.0 k2
32-kHz crystal
resonator (¢, =
bw)
Watch mode e Veo V=18V, — 0.5 — pA TP
supply Ta =25°C, Reference
current 32-kHz crystal value
resonator
V=27V, — 1.5 5.0 k2
32-kHz crystal
resonator
Standby lsray Vee Vee=3.0V, - 0.1 - pA - xE
mode supply Ta = 25°C, Reference
current 32-kHz crystal value
resonator not
used
32-kHz crystal — 1.0 5.0 k2
resonator not
used
RAM data Viau Ve 1.5 — — Vv
retaining
voltage
Permissible 1, Output pins — — 0.5 mA
output low except port 8
current Port 8 — — 150
(per pin)
Permissible X 1, Output pins — — 20.0 mA
output low except port 8
current (total) Port 8 — — 45.0
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Values
Item Symbol Applicable Pins Test Condition  Min. Typ. Max. Unit Notes
Permissible -, All output pins V,=27Vto36V — — 2.0 mA
output high Other than above — — 0.2
current
(per pin)
Permissible X —1,, All output pins — — 10.0 mA
output high
current (total)
Notes: 1. Pin states during current measurement.
Mode RES Pin Internal State Other Pins  Oscillator Pins
Active (high-speed) Ve Only CPU operates V., System clock
mode (lope,) oscillator: Crystal
Active (medium-speed) resonator
mode (lopg,) Subclock oscillator:
Sleep mode Ve Only on-chip timers  V, Pin X1 = GND
operate
Subactive mode Ve Only CPU operates  V, System clock
Subsleep mode Ve Only on-chip timers  V, oscillator: Crystal
operate, CPU stops resonator
Watch mode Vee Only timer base Vee (S:ubctlolck oscnltator:
operates, CPU stops rystal resonator
Standby mode Ve CPU and timers both V, System clock
stop, SUBSTP =1 oscillator: Crystal

resonator

Subclock oscillator:
Pin X1 = Crystal
resonator

2. Excludes current in pull-up MOS transistors and output buffers.
Used for the determination of user mode or boot mode when the reset is released.

4. When bits IRQ0S1 and IRQ0SO are set to B'01 or B'10, and bits IRQ1S1 and IRQ1S0
are set to B'01 or B'10, the maximum value is given V. + 0.3 (V).

©
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21.2.3 AC Characteristics

Table 21.3 lists the control signal timing, table 21.4 lists the serial interface timing, table 21.5 lists
the synchronous serial communication unit timing, and table 21.6 lists the I°C bus interface timing.

Table21.3 Control Signal Timing

V,.=18V1t036V,AV =18V 1t03.6V,V, =0.0V, unlessotherwise specified.

Values

Applicable Reference

Item Symbol Pins Test Condition Min. Typ. Max. Unit Figure
System clock fosc 0SC1,08C2 Vv, =27Vt36V 4.0 — 10.0 MHz
oscillation (10-MHZ version)
frequency V, =18Vto36V 20  — 42

(4-MHz version)
OSC clock (dpg0) tose 0SC1,08C2 v, =27Vte36V 100 — 250 ns  Figure
cycle time (10-MHz version) 21.15

V,=18Vto36V 238 — 500

(4-MHz version)
System clock (¢) tye 1 — 64 tose
cycle time V,=27Vt036V — — 16 s

(10-MHz version)

V,=18Vto36V — — 32

(4-MHz version)
On-chip oscillator  t., 0.3 — 26  MHz Reference
oscillation value
frequency
On-chip oscillator ~ t.s 0.38 — 3.3 ps Reference
clock cycle time value
Subclock oscillator  f,, X1, X2 — 32.768 — kHz
oscillation or 38.4
frequency
Watch clock (¢,,) ty X1, X2 — 30.50r — pus  Figure
cycle time 26.0 21.15
Subclock (¢sua) tsubcyc 1 - 8 ty *!
cycle time
Instruction cycle 2 — — oo
time t

subcyc
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Applicable Values Reference
Item Symbol Pins Test Condition Min. Typ. Max. Unit Figure
Oscillation t, OSC1,0SC2 Ceramic resonator ~ — 20 45 us  Figure
stabilization time (Vee=2.2V103.6V) 21.28
Ceramic resonator ~ — 80 —
(Other than above)
Crystal resonator — 300 800
(Ve =2.7V103.6 V)
Crystal resonator — 600 1000
(V. =22V1t03.6V)
Other than above — — 50 ms
On-chip At switching on — 15 25 ys
oscillator
X1, X2 Vee=22Vt036V — — 2 s Figures 4.6
and 4.7
Other than above — 4 —
External clock high t, 0OSCH1 V,,=27Vto3.6V 40 — — ns  Figure
width (10-MHz version) 21.15
V,=18Vto36V 95 — —
(4-MHz version)
X1 — 15.26 or — ys
13.02
External clock low  t., 0OSCH1 V,=27Vto36V 40 — — ns  Figure
width (10-MHz version) 21.15
V,=18Vto36V 95 — —
(4-MHz version)
X1 — 15.26 or — us
13.02
External clock rising t.., OSCH1 V,=27Vt036V — — 10 ns  Figure
time (10-MHz version) 21.15
V,=18Vt03.6V — — 24
(4-MHz version)
X1 — — 55.0 ns
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Applicable Values Reference
Item Symbol Pins Test Condition Min. Typ. Max. Unit Figure
External clock top OSCH1 V,=27Vt036V — — 10 ns  Figure
falling time (10-MHz version) 21.15
V,=18Vto36V — — 24
(4-MHz version)
X1 — — 55.0 ns
RES pin low width  t. RES At switchingonor  t . +20 — — pus  Figure
other than below xt. 21.16**
Active mode or sleep 20 — — oy
mode
Input pin high width t,, IRQO, IRQT, 2 — — ., Figure
NMI, IRQAEC, e 2117
ADTRG, FTCI,
FTIOA, FTIOB,
FTIOC, FTIOD
AEVL, AEVH Vv, =27Vto36V 50 — — ns
(10-MHz version)
V,=18Vto3.6V 110 — —
(4-MHz version)
Input pin low width  t, IRQO, IRQT, 2 — — t,.  Figure
NMI, IRQAEC, topee 2117
ADTRG, FTCI,
FTIOA, FTIOB,
FTIOC, FTIOD
AEVL, AEVH VvV =27Vto36V 50 — — ns
(10-MHz version)
V,=18Vto36V 110 — —

(4-MHz version)

Notes: 1. Selected with the SA1 and SAO bits in the system control register 2 (SYSCR2).
2. For details on the power-on reset characteristics, refer to table 21.10 and figure 21.26.
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Table21.4 Serial Interface Timing

V,.=18V1to36V,AV_=18Vt03.6V,V, =0.0V, unlessotherwise specified.

Values
Reference
Item Symbol Test Condition Min. Typ. Max. Unit  Figure
Input clock  Asynchronous t, 4 — — t,,or Figure21.18
cycle Clock 6 _ _ toibeye
synchronous
Input clock pulse width teow 0.4 — 0.6 toe Figure 21.18
Transmit data delay time too — — 1 t,.or Figure 21.19
(clock synchronous) tuooye
Receive data setup time taxs 400.0 — — ns Figure 21.19
(clock synchronous)
Receive data hold time [ 4000 — — ns Figure 21.19

(clock synchronous)
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Table21.5 Synchronous Serial Communication Unit (SSU) Timing

V,.=18V1036V,V, =0.0V, output load = 100 pF, unless otherwise specified.

Applicable Test Values Reference
Item Symbol Pins Condition Min. Typ. Max.  Unit Figure
Clock cycle toeye SSCK 4 — — t,,  Figures
Clock high pulse width  t, SSCK 04 — 06 t., 21 -22 o
Clock low pulse width to SSCK 04 — 06 t,. '
Clock rising Master toce SSCK — — 1 t,.
time Slave S — 1.0 us
Clock faling ~ Master ta SSCK — — 1 t,
time Slave S — 1.0  us
Data input setup time ts SSO 1 — — te

SSI
Data input hold time t, SSO 1 — — e

SSI
SCSsetup  Slave teno SCS 1, + — — ns
time 100
SCS hold Slave te SCS i, + — — ns
time 100
Data output delay time ., SSO — — 1 e

SSI
Slave access time toa SSI — — 1, + ns

100
Slave out release time  t_, SSI — — i, + ns
100
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Table21.6 1°C BusInterface Timing

V,.=18V1036V,V, =00V, Ta=-20to +75°C, unless otherwise specified.

Test Values Reference
Item Symbol Condition Min. Typ. Max. Unit Figure
SCL input cycle time  t. 12t +600 — — ns  Figure
SCL input high width t___, 3, +300 — — ns 2125
SCL input low width  t., 5t +300 — — ns
Falling time for SCL  t — — 300 ns
and SDA inputs
Pulse width of spike  t, — — 1t ns
on SCL and SDA to
be suppressed
SDA input bus-free  t 5t — — ns
time
Start condition input  t_,, 3t — — ns
hold time
Repeated start toras 3t — — ns
condition input setup
time
Stop condition input  t 3t — — ns
setup time
Data-input setup time t ¢ 1t,+20 — — ns
Data-input hold time  t_,, 0 — — ns
Capacitive load of Cb 0 — 400 pF
SCL and SDA
Falling time of SCL  t — — 300 ns
and SDA output
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2124

A/D Converter Characteristics

Table 21.7 lists the A/D converter characteristics.

Table21.7 A/D Converter Characteristics

V,.=18V1036V,V, =0.0V, unlessotherwise specified.

Applicable Values
Item Symbol Pins Test Condition Min.  Typ. Max. Unit Notes
Analog power AV, AV, 18 — 3.6 v o
supply voltage
Analog input AV, ANO to AN5 -03 — AV + V
voltage 0.3
Analog power Al AV, AV, =30V — — 1.0 mA
supply current Al AV, _ 600 — LA+
Reference value
AISTOP2 Avoo - - 5 |JA 2
Analog input  C,, ANO to AN5 — — 15.0 pF
capacitance
Permissible R — — 10.0 kQ
signal source
impedance
Resolution — — 10 Bits
(data length)
Nonlinearity AV, =27Vto36V — — +3.5 LSB Otherthan
error Vee=27V1036V subclock
operation
AV, =20Vto36V — — +5.5
Vi=20Vto3.6V
Subclock operating — — +5.5 Subactive or
subsleep mode,
conversion time
=31/,
Other than above — — +7.5 *4
Quantization — — +0.5 LSB

error

RENESAS

Rev. 3.00 May 15, 2007 Page 405 of 516
REJ09B0152-0300



Section 21

Electrical Characteristics

Applicable Values
Item Symbol Pins Test Condition Min. Typ. Max. Unit Notes
Absolute AV, =27Vto36V — — +4.0 LSB
accuracy V,=27V1to3.6V
AV,,=20Vto36V — — +6.0
Vi=20Vto3.6V
Subclock operating — — +6.0 Subactive or
subsleep mode,
conversion time =
31/¢,,
Other than above — — +8.0 *4
Conversion AV,,=27Vto36V 124 — 124  ps System clock
time Vi=27V1t03.6V oscillator is
selected
31 62 124 On-chip oscillator
is selected
Reference value
(fROSC = 1 MHZ)
— 807 — (gug = 38.4 kHz
— 945 — gys = 32.8 kHz
- 992 - d)sua = Rosc/32
Reference value
(frosc = 1 MHz)
Other than 295 — 124 System clock
AV ,.=27V1to36V oscillator is
V,=27Vto3.6V selected
31 62 124 On-chip oscillator
is selected
Reference value
(frosc = 1 MHz)
— 807 — Ogs = 38.4 kHz
— 945 — dous = 32.8 kHz
- 992 - ¢sua = Rosc/32
Reference value
(fROSC = 1 MHZ)
Notes: 1. Connect AV to V. when the A/D converter is not used.
2. Alg,,, is the current flowing through the ladder resistor while the A/D converter is idle.
3. Al is the current flowing at a reset, in standby mode or watch mode, through the
ladder resistor while the A/D converter is idle.
4. Conversion time is 29.5 ps.
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21.25 Comparator Characteristics
Table 21.8 shows the comparator characteristics.

Table21.8 Comparator Characteristics

V,.=18V1036V,V, =0.0V, unlessotherwise specified.

Values

Iltem Test Condition Min. Typ. Max. Unit Notes

Accuracy 1LSB =V, /30 — 172 — LSB Comparing
with internal
resistor
network

Conversion time — — 15 us

External input reference VCref pin 0.9 — 09xV,, V

voltage

Internal resistance compare 0.9 — 26/30 x V. V

voltage

Comparator input voltage = COMPO and COMP1 -0.3 — AV, +03 V

pins

Ladder resistance — 3 — MQ  Reference
value

21.2.6 Watchdog Timer Characteristics

Table 21.9 shows the watchdog timer characteristics.

Table21.9 Watchdog Timer Characteristics

V,.=18V1036V,V,=0.0V, unlessotherwise specified.

Applicable Values
Iltem Symbol Pins Test Condition Min. Typ. Max. Unit  Notes
On-chip tove 0.2 0.4 — s *

oscillator
overflow time

Note: * Indicates that the period from when the counter starts with 0 to when the counter
reaches 255 and an internal reset occurs while the on-chip oscillator is selected.
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21.2.7 Power-On Reset Circuit Characteristics
Table 21.10 lists the power-on reset circuit characteristics.

Table 21.10 Power-On Reset Circuit Characteristics

V,.=18V1t036V,AV_=18V1t0o36V,V =00V,
Ta=-20to +75°C (general specifications), Ta=—40 to +85°C (wide temperature range
specifications), unless otherwise specified.

Values
Item Symbol Test Condition Min. Typ. Max. Unit Notes
Reset voltage V_rst 0.7Vcc 0.8Vee 0.9Vee V
Power supply t_vtr The Vcc rising time should be
rising time shorter than half the RES rising
time.
Reset count time  t_out 0.8 — 4.0 us
3.2 — 26.7 On-chip oscillator
is selected
(reference value)
Count start time ~ t_cr Adjustable by the value of the
external capacitor connected to
the RES pin.
Pull-up resistance R, 60 100 — kQ
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21.2.8 Flash Memory Characteristics
Table 21.11 lists the flash memory characteristics.

Table21.11 Flash Memory Characteristics

AV_=18V1t036V,V =00V,V_ =18V to3.6V (operating voltage range in reading),
V_=3.0V to 3.6V (operating voltage range in programming/erasing),
Ta= 0to +75°C (operating temperature range in programming/erasing)

Test Values
Item Symbol Condition Min. Typ. Max. Unit
Programming time (per 128 bytes)* "**+* t, — 7 200 ms
Erasing time (per block)* "*°+° t. — 100 1200 ms
Maximum programming count Nyec 180(1)‘0 190000 — Times
*8k *
100 10000 —
*8x 12 *9
Data retention time tome 10%°  — — Years
Programming Wait time after setting SWE bit*' X 1 — — us
Wait time after setting PSU bit*' y 50 — — us
Wait time after setting P bit*"** z1 1<n<6 28 30 32 ps
z2 7<n<1000 198 200 202 s
z3 Additional- 8 10 12 us
programming
Wait time after clearing P bit*' o 5 — — us
Wait time after clearing PSU bit*" B 5 — — us
Wait time after setting PV bit*' y 4 — — us
Wait time after dummy write*' € 2 — — us
Wait time after clearing PV bit*’ n 2 — — us
Wait time after clearing SWE bit*' 0 100 — — us
Maximum programming count*"**° N — — 1000 Times
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Item Symbol Condition Min.  Typ. Max. Unit

Erase Wait time after setting SWE bit*' X 1 — — us
Wait time after setting ESU bit*' y 100 — — us
Wait time after setting E bit*'*° z 10 — 100 ms
Wait time after clearing E bit*' o 10 — — us
Wait time after clearing ESU bit*' B 10 — — s
Wait time after setting EV bit*' y 20 — — us
Wait time after dummy write*' € 2 — — us
Wait time after clearing EV bit*’ n 4 — — us
Wait time after clearing SWE bit*' 0 100 — — s
Maximum erasing count* '**’ N — — 120  Times

Notes: 1. Make the time settings in accordance with the programming/erasing algorithms.

2. The programming time for 128 bytes. (Indicates the total time for which the P bit in the
flash memory control register 1 (FLMCR1) is set. The programming-verifying time is
not included.)

3. The time required to erase one block. (Indicates the total time for which the E bit in the
flash memory control register 1 (FLMCR1) is set. The erasing-verifying time is not
included.)

4. Programming time maximum value (t, (max.)) = wait time after setting P bit (z) x
maximum programming count (N)

5. Set the maximum programming count (N) according to the actual set values of z1, z2,
and z3, so that it does not exceed the programming time maximum value (t, (max.)).
The wait time after setting P bit (z1, z2) should be changed as follows according to the
value of the programming count (n).

Programming count (n)
1<n<6 z1 =30 ps
7<n<1000 z2=200ps

6. Erasing time maximum value (t, (max.)) = wait time after setting E bit (z) x maximum
erasing count (N)

7. Set the maximum erasing count (N) according to the actual set value of (z), so that it
does not exceed the erasing time maximum value (t, (max.)).

8. The minimum number of times in which all characteristics are guaranteed following
reprogramming. (The guarantee covers the range from 1 to the minimum value.)

9. Reference value at 25°C. (Guideline showing programming count over which
functioning will be retained under normal circumstances.)

10. Data retention characteristics within the range indicated in the specifications, including
the minimum programming count.

11. Applies to an operating voltage range when reading data of 2.7 to 3.6 V.

12. Applies to an operating voltage range when reading data of 1.8 to 3.6 V.
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21.3  Absolute Maximum Ratingsfor Masked ROM Version
Table 21.12 lists the absolute maximum ratings.

Table 21.12 Absolute Maximum Ratings

Item Symbol Value Unit Note
Power supply voltage Ve -0.3t0 +4.3 \'% *
Analog power supply voltage AV, -0.3t0 +4.3 \"
Input voltage Other than port B \'A -0.3toV, +0.3 \
Port B AV, -0.3t0 AV, +0.3 \
Operating temperature T, —20to +75 °C
(general
specifications)
—40 to +85

(wide temperature
range specifications)

Storage temperature T -551to0 +125 °C

stg
Note: * Permanent damage may occur to the chip if absolute maximum ratings are exceeded.
Normal operation should be under the conditions specified in Electrical Characteristics.
Exceeding these values can result in incorrect operation and reduced reliability.
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21.4  Electrical Characteristicsfor Masked ROM Version

2141 Power Supply Voltage and Operating Range

The power supply voltage and operating range are indicated by the shaded region in the figures.

(1) System clock oscillator selected (10-MHz version)

100 ------- o S84 |:|
: = R
=3 ! z i . i
Baol-e- i--e-
I [
1.8 2.7 3.6 Vcc (V) 1.8 27 3.6 Vcec (V)
* Active (high-speed) mode * All operating modes
¢ Sleep (high-speed) mode * Refer to note
R,s/32 used (reference value)
. 8125f-------
N
T
=3
S
9.375f -------

i
1.8 27 3.6 Vce (V)
* All operating modes

(2) System clock oscillator selected (4-MHz version)

kHz)
w
N
N
[
[e9)

N
I 1 1 '
S - Lo
w9 I L
H ] i H H 1
1.8 2.7 3.6 Vcc (V) 1.8 2.7 3.6Vce (V)
* Active (high-speed) mode * All operating modes
e Sleep (high-speed) mode  Refer to note

R,s/32 used (reference value)

1
1.8 27 3.6 Vcec (V)
* All operating modes

Note: * When using a resonator, hold the Vcc level in the range from 2.2 V to 3.6 V until the oscillation
stabilization time has elapsed after switching on.

Figure21.8 Power Supply Voltage and Oscillation Frequency Range (1)
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(3) On-chip oscillator selected

R,sc Used (reference value)

fw (kHz)
@
N
N
o
&

fosc (MHZ)
o n
w o

[l L
1.8 2.7 3.6 Vcc (V) 1.8 27 3.6 Vcc (V)

* Active (high-speed) mode ¢ All operating modes
 Sleep (high-speed) mode  Refer to note

R,sc/32 used (reference value)
8125 [ --------

oy (kH2)

H H H
1.8 27 3.6 Vcc (V)
* All operating modes

Note: * When using a resonator, hold the Vcc level in the range from 2.2 V to 3.6 V until the oscillation
stabilization time has elapsed after switching on.

Figure21.9 Power Supply Voltage and Oscillation Frequency Range (2)
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(1) System clock oscillator selected (10-MHz version)

100 f------- e
N 1
T h
=3 :
g ,
40fF-------d----
) ) )
1.8 2.7 3.6 Vcc (V)
¢ Active (high-speed) mode
* Sleep (high-speed) mode
1250 b - - === oo g - -
625k -------a----
~
T
=3
<

|

1.8 2.7 3.6 Vce (V)

* Active (medium-speed) mode
* Sleep (medium-speed) mode

osus (kHz)

dsus (kH2)

384 ------- -|:|
32.768 fF-------- |:|

192 ------- :l
16.384 f-------- :l

(<)) —
8192 F .

g
T

1
1.8 2.7 3.6 Vo (V)

¢ Subactive mode
* Subsleep mode (other than CPU)
¢ Watch mode (other than CPU)

R,s/32 used (reference value)

1.8 2.7 3.6 Vcc (V)
* Subactive mode

¢ Subsleep mode (other than CPU)
* Watch mode (other than CPU)

Figure21.10 Power Supply Voltage and Operating Fregquency Range (1)

Rev. 3.00 May 15, 2007 Page 414 of 516
REJ09B0152-0300

RENESAS




Section 21 Electrical Characteristics

(2) System clock oscillator selected (4-MHz version)

o (MHz)

o (kHz)

384 ----m-- :l
32768 f - ------ |:|

= | | |
EJE] SE m—
z 16.384 f------ - l:l
2 j ! A
96fF-------
R [c 2] :
42k - ! L
48------- —
20 - ]
HEH P
1.8 2.7 3.6 Vce (V) 1.8 2.7 3.6 Vce (V)
* Active (high-speed) mode ¢ Subactive mode
* Sleep (high-speed) mode * Subsleep mode (other than CPU)
* Watch mode (other than CPU)
525 | -------
R,so/32 used (reference value)
3125 ------- r
. . . 8125 -
[ [ ' N
| | I T
1 1 1 _E/
: : : @
1 1 1 8
! ! ! s 1A72p------- . : !
H i H i i i
1.8 2.7 3.6 Vce (V) 1.8 27 3.6 Vcc (V)
* Active (medium-speed) mode * Subactive mode
* Sleep (medium-speed) mode » Subsleep mode (other than CPU)

* Watch mode (other than CPU)

Figure21.11 Power Supply Voltage and Operating Frequency Range (2)
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(3) On-chip oscillator selected

Rosc Used (reference value)

o (MHz)

03fF------- :

i i i
1.8 2.7 3.6 Vcc (V)
 Active (high-speed) mode
* Sleep (high-speed) mode

Rosc Used (reference value)

 (kHz)

2.7 3.6 Vce (V)

* Active (medium-speed) mode
¢ Sleep (medium-speed) mode

0 sus (kH2)

o sus (KH2)

384 ------ —/ ]
32768 F------- |____|
] —
16.384 f - === l:l

96 -cmmn-- '

R L] :
] S
4096 ------- :|
R R

1.8 2.7 3.6 Vcc (V)
¢ Subactive mode
¢ Subsleep mode (other than CPU)
* Watch mode (other than CPU)

R,sc/32 used (reference value)

1.8 2.7 3.6 Vcc (V)

¢ Subactive mode
* Subsleep mode (other than CPU)
¢ Watch mode (other than CPU)

Figure21.12 Power Supply Voltage and Operating Frequency Range (3)
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(1) System clock oscillator selected (10-MHz version)

100 f---------

-
: g L S —
= . < : | :
40 f--mmmne- beee- | 2 ! : :
oo - oo
1 i 1 i i i

1.8 2.7 3.6 Avcc (V) 1.8 2.7 3.6 AVcc (V)

* Active (high-speed) mode * All operating modes

* Sleep (high-speed) mode
R,s/32 used (reference value)

81.25 | --------

o sus (kH2)

1.8 2.7 3.6 AVcc (V)
* All operating modes

(2) System clock oscillator selected (4-MHz version)

o0 (MHz)
N S
o N
O suB (

1.8 2.7 3.6 Avce (V) 1.8 2.7 3.6 AVce (V)
¢ Active (high-speed) mode  All operating modes
* Sleep (high-speed) mode

R,s/32 used (reference value)

81.25 f--------

¢ sus (kH2)

1.8 2.7 3.6 AVcc (V)
* All operating modes

Figure21.13 Analog Power Supply Voltage and Operating Frequency Range of
A/D Converter (1)
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(3) On-chip oscillator selected

Rosc used (reference value)

T 884 [
z
= 32.768f---------
= 3 . . :
T 26 - < ! ! :
2 : ; i
& 03 fm-mmmon- . . ! ! !
i i i i ) i
1.8 27 3.6 Avcc (V) 1.8 2.7 3.6 Avcc (V)
* Active (high-speed) mode  All operating modes
¢ Sleep (high-speed) mode
Rosc/32 used (reference value)
N 8125 """
I
=
o
?
<
9.375|--------- ,
H H H
1.8 2.7 3.6 AVcc (V)

* All operating modes

Figure21.14 Analog Power Supply Voltage and Operating Frequency Range of

A/D Converter (2)
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21.4.2 DC Characteristics

Table 21.13 lists the DC characteristics.

Table 21.13 DC Characteristics

V,.=18V1t036V,AV_=18Vt03.6V,V, =0.0V, unlessotherwise specified.

Values

Item Symbol Applicable Pins Test Condition Min. Typ. Max. Unit Notes
Input high  V,, RES, TEST, 0.9V, — Ve+03 V
voltage NMI, AEVL,

AEVH, ADTRG,

SCKS, IRQAEC

IRQO*°, IRQ1*® 0.9V, — AV, +0.3

RXD3, IrRXD 0.8V,, — Ve +0.3

0OSCH1 0.9V, — Ve +0.3

X1 0.9V,, — Ve +0.3

P10 to P12, 0.8V, — Ve +0.3

P30 to P32,

P82 to P84,

P90 to P93,

SSI, SSO,

SSCK, SCS,

FTCI, FTIOA,

FTIOB, FTIOC,

FTIOD,

E7_0to E7_2,

SCL, SDA

PBO to PB5 0.8V, — AV, +0.3
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Values
Iltem Symbol Applicable Pins Test Condition Min. Typ. Max. Unit Notes
Inputlow V. TEST, NMI, -0.3 — 0.1V, Vv
voltage IRQO, IRQ1,
IRQAEC, AEVL,
AEVH, ADTRG,
SCK3
RXD3, IrRXD -0.3 — 0.2V,
0OSC1 -0.3 — 0.1V,
X1 -0.3 — 0.1V,
P10 to P12, -0.3 — 0.2V,
P30 to P32,
P82 to P84,
P90 to P93,
SCL, SDA,
PBO to PBS5,
SSlI, SSO,
SSCK, SCS,
FTCI, FTIOA,
FTIOB, FTIOC,
FTIOD,
E7 OtoE7_2
Output Vou P10 to P12, =l =1.0mA Vee—1.0 — — Vv
high P30 to P32, Vec=27Vto36V
voltage P90 to P93 —loy=0.1mA Vo —0.3 — —
P82 to P84 —lg,=1.0mA Vee—1.0 — —
Vee=27V1t03.6V
I, =0.1 mA Vi—03 — —
Output low V. P10 to P12, I, =0.4 mA — — 0.5 \
voltage P30 to P32,
P90 to P93
P82 to P84 lo. =15 mA, — — 1.0
Vece=27Vto36V
lo. =10 MA, — — 0.5
Vec=22Vto3.6V
lo, =8 mA — — 0.5
SCL, SDA loe =3.0mA — — 0.4
Rev. 3.00 May 15, 2007 Page 420 of 516
REJ09B0152-0300 RENESAS



Section 21 Electrical Characteristics
Values
Iltem Symbol Applicable Pins Test Condition  Min. Typ. Max. Unit Notes
Input/output |1, | TEST, NMI, V,=05Vto — — 1.0 HA
leakage 0SsC1, X1,P10  V,—-05V
current to P12,
P30 to P32,
P82 to P84,
P90 to P93,
E7_ OtoE7_2
PBO to PB5 V,=05Vto — — 1.0
AV,,-05V
Pull-up MOS -, P10 to P12, Vee=3V, 30 — 180 pA
current P30 to P32, V=0V
P82 to P84,
P90 to P93
Input C, All input pins f=1MHz, — — 15.0 pF
capacitance except power V=0V,
supply pin Ta=25°C
Active mode |, Ve Active (high- — 0.5 — mA  Max. guideline
supply current speed) mode, =1.1xtyp*"*?
Vee=1.8VY,
fosc =2 MHz
Active (high- — 0.6 — Max. guideline
speed) mode, =11 xtyp.*"*?
V=3V, Reference value
fosc = Rosc
Active (high- — 2.0 3.0 *1x2
speed) mode, 4-MHz version
Vee=3V,
foso = 4.2 MHz
Active (high- — 45 6.8 *1x2
speed) mode, 10-MHz version
V=3V,
fose = 10 MHz
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Applicable Values
Iltem Symbol  Pins Test Condition Min.  Typ. Max. Unit Notes
Active mode |, Ve Active (medium-speed) — 0.1 — mA  Max. guideline
supply current mode, =1.1xtyp. *'**
V=18V,
f,es = 2 MHz,
¢,./64
Active (medium-speed) — 0.3 0.5 *1x2
mode, 4-MHz version
Ve =3V,
f o = 4.2 MHz,
$../64
Active (medium-speed) — 0.5 0.7 *1x2
mode, 10-MHz version
Ve =3V,
f . =10 MHz,
$../64
Sleep mode g Vee V=18V, — 0.3 — mA  Max. guideline
supply current fose = 2 MHZ = 1.1 x typ. *"*?
V=3V, — 1.0 1.5 * k2
fose = 4.2 MHz 4-MHz version
Ve, =3V, — 1.8 2.7 * 12
fose = 10 MHZ 10-MHz version
Subactive (T Vo V=18V, — 4.0 — pA T2
mode supply 32-kHz crystal resonator Reference value
current (9sve = 64/2)
V=27V, — 3.6 — * k2
32-kHz crystal resonator Reference value
(¢sue = d)wls)
V=27V, — 7.4 — *1x2
32-kHz crystal resonator Reference value
(¢SUB = ¢w/2)
V=27V, — 40 — *1%2
on-chip oscillator/32 Reference value
(¢sue =0y, = Rosc/32)
V=27V, — 13 25 k2

32-kHz crystal resonator
(Dsue = d)
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Applicable Values
Item Symbol Pins Test Condition Min.  Typ. Max. Unit Notes
Subsleep mode Iy Vo V=27V, — 3.1 — pA - xTE
supply current 32-kHz crystal Reference
resonator (¢g,; = $,,/2) value
V=27V, — 30 — * k2
on-chip oscillator/32 Reference
(dsys = b = Rosc/32) value
V=27V, — 5.0 10.0 *1x2

32-kHz crystal
resonator (¢g,; = dy,)

Watch mode  lyuen Vo V=18V, — 0.4 — pA - x2

supply current Ta = 25°C, Reference
32-kHz crystal value
resonator
Vee=27V, — 1.5 5.0 k2
32-kHz crystal
resonator

Standby mode Iy, Vo V,=3.0V, — 0.1 — pA T2

supply current Ta =25°C, Reference
32-kHz crystal value
resonator not used
32-kHz crystal — 1.0 5.0 1k
resonator not used

RAM data Vi Ve 1.5 — — Vv

retaining

voltage

Permissible oL Output pins — — 0.5 mA

output low except port 8

current Port 8 — — 150

(per pin)

Permissible 2o Output pins — — 200 mA

output low except port 8

current (total) Port 8 _ — 45.0
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Applicable Values
Item Symbol Pins Test Condition ~ Min. Typ. Max. Unit Notes
Permissible -, All output pins V,=27Vto36V — — 2.0 mA
output high
curren.t Other than above — — 0.2
(per pin)
Permissible > —1,, All output pins — — 10.0 mA
output high

current (total)

Notes: 1. Pin states during current measurement.

Mode RES Pin Internal State Other Pins  Oscillator Pins

Active (high-speed) Ve Only CPU operates V., System clock

mode (lope,) oscillator: Crystal

Active (medium-speed) resonator

mode (lopg,) Subclock oscillator:

Sleep mode Ve Only on-chip timers  V, Pin X1 = GND

operate

Subactive mode Ve Only CPU operates  V, System clock

Subsleep mode Ve Only on-chip timers  V, oscillator: Crystal
resonator

operate, CPU stops

Subclock oscillator:

Watch mode Vee Only timer base Veo Crystal resonator

operates, CPU stops

Standby mode Ve CPU and timers both V, System clock
stop, SUBSTP =1 oscillator: Crystal
resonator

Subclock oscillator:
Pin X1 = Crystal
resonator

2. Excludes current in pull-up MOS transistors and output buffers.

3. When bits IRQ0S1 and IRQOSO are set to B'01 or B'10, and bits IRQ1S1 and IRQ1S0
are set to B'01 or B'10, the maximum value is given V_, + 0.3 (V).
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2143

AC Characteristics

Table 21.14 lists the control signal timing, table 21.15 lists the serial interface timing, table 21.16
lists the synchronous serial communication unit timing, and table 21.17 lists the I°C bus interface

timing.

Table21.14 Control Signal Timing

V,.=18V1to36V,AV =18V 1t03.6V,V,=0.0V, unlessotherwise specified.

Applicable Values Reference

Iltem Symbol Pins Test Condition Min Typ. Max. Unit Figure
System clock foso 0SC1,08C2 Vv, =27Vt36V 4.0 — 10.0 MHz
oscillation (10-MHz version)
frequency V,=18Vto36V 20  — 4.2

(4-MHz version)
OSC clock (§gse)  tosc 0SC1,08C2 Vv, =27Vto36V 100 — 250 ns  Figure
cycle time (10-MHz version) 21.15

V,,=18Vto36V 238 — 500

(4-MHz version)
System clock (¢)  t,, 1 — 64 tosc
cycle time V,=27Vt036V — — 16 ps

(10-MHz version)

V,=18Vto36V — — 32

(4-MHz version)
On-chip oscillator  t..s 0.3 — 2.6 MHz Reference
oscillation value
frequency
On-chip oscillator .. 0.38 — 3.3 pus  Reference
clock cycle time value
Subclock oscillator  f,, X1, X2 — 32.768 — kHz
oscillation or38.4
frequency
Watch clock (¢,,) t, X1, X2 — 30.50r — pus  Figure
cycle time 26.0 21.15

RENESAS
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. Values Reference
Applicable Fi
Iltem Symbol Pins Test Condition Min. Typ. Max.  Unit 'gure
Subclock (¢su5) tsubcyc 1 - 8 ty *!
cycle time
Instruction cycle 2 — — tye
time ey
Oscillation t, OSC1, 0OSC2 Ceramic resonator ~ — 20 45 us  Figure
stabilization time (Ve =22V103.6V) 21.28
Ceramic resonator ~ — 80 —
(Other than above)
Crystal resonator — 300 800
(Ve=27V103.6V)
Crystal resonator — 600 1000
(Vo=22V1t03.6V)
Other than above — — 50 ms
On-chip At switching on — 15 25 us
oscillator
X1, X2 V,=22Vt036V — — 2 s Figures
4.6 and
4.7
Other than above — 4 —
External clock high t., 0SCH1 V,,=27Vto36V 40 — — ns  Figure
width (10-MHz version) 21.15
V,=18Vto36V 95 — —
(4-MHz version)
X1 — 15.26 or — us
13.02
External clock low  t., OSCt V,=27Vto36V 40 — — ns  Figure
width (10-MHz version) 21.15
V,.=18Vto36V 95 — —
(4-MHz version)
X1 — 15.26 or — us
13.02
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. Values Reference
Applicable Fi
Iltem Symbol Pins Test Condition Min. Typ. Max.  Unit 'gure
External clock tepr 0OSCH1 V,,=27Vto36V — — 10 ns  Figure
rising time (10-MHz version) 21.15
V,=18Vto3.6V — — 24
(4-MHz version)
X1 — — 55.0 ns
External clock toe 0OSCH V,=27Vto3.6V — — 10 ns  Figure
falling time (10-MHz version) 21.15
V,.=18Vto36V — — 24
(4-MHz version)
X1 — — 55.0 ns
RES pin low width ., RES At switchingonor  t . +20 — — us  Figure
other than below Xt 21.16**
Active mode or sleep 20 -
mode
Input pin high width t,, IRQO, IRQT, 2 — — t,. Figure
NMI, IRQAEC, topye 21.17
ADTRG, FTCI,
FTIOA, FTIOB,
FTIOC, FTIOD
AEVL, AEVH V_=27Vto36V 50 — — ns
(10-MHz version)
V,.=18Vto36V 110 — —
(4-MHz version)
Input pin low width t, IRQO, IRQT, 2 — — t,. Figure
NMI, IRQAEC, tpye 21.17
ADTRG, FTCI,
FTIOA, FTIOB,
FTIOC, FTIOD
AEVL, AEVH V_ =27Vt036V 50 — — ns

(10-MHz version)

V,.=18Vto36V 110 — —
(4-MHz version)

Notes: 1. Selected with the SA1 and SAO bits in the system control register 2 (SYSCR2).
2. For details on the power-on reset characteristics, refer to table 21.21 and figure 21.26.
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Table21.15 Serial Interface Timing

V,.=18V1to36V,AV_=18Vt03.6V,V, =0.0V, unlessotherwise specified.

Values Reference

Item Symbol Test Condition Min. Typ. Max. Unit  Figure
Input clock  Asynchronous t, . 4 — — t,.or Figure 21.18
cycle Clock 6 _ _ taincye

synchronous
Input clock pulse width teckw 0.4 — 0.6 b Figure 21.18
Transmit data delay time to — — 1 t,.or Figure 21.19
(clock synchronous) tuoere
Receive data setup time taxs 400.0 — — ns Figure 21.19
(clock synchronous)
Receive data hold time b 400.0 — — ns Figure 21.19

(clock synchronous)
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Table 21.16 Synchronous Serial Communication Unit (SSU) Timing

V,.=18V1036V,V, =0.0V, output load = 100 pF, unless otherwise specified.

Applicable Test Values Reference
Iltem Symbol Pins Condition  Min. Typ. Max.  Unit Figure
Clock cycle b SSCK 4 — — t,,  Figures
Clock high pulse width  t, SSCK 04 — 06 t, 21 -;g to
Clock low pulse width  t, SSCK 04 — 06 t,. '
Clock rising Master  t . SSCK — — 1 toe
time Slave S — 1.0 ps
Clock faling ~ Master  t, SSCK — — 1 toe
time Slave S — 1.0 ps
Data input setup time 1, 8§80 1 — — e

SSl
Data input hold time t, SSO 1 — — e

SSi
SCSsetup  Slave teno SCS i, + — — ns
time 100
SCS hold Slave t SCS i, + — — ns
time 100
Data output delay time  t.; SSO — — 1 e

SSl
Slave access time ta SSi — — 1, + ns

100
Slave out release time  t_, SSI — — 1t,+ ns
100
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Table 21.17 1°C BusInterface Timing

V,.=18V1036V,V, =00V, Ta=-20to +75°C, unless otherwise specified.

Test Values Reference
Item Symbol Condition Min. Typ. Max. Unit  Figure
SCL input cycle time  t. 12t +600 — — ns Figure
SCL input high width t___, 3, +300 — — ns 2125
SCL input low width  t., 5t +300 — — ns
Falling time for SCL  t — — 300 ns
and SDA inputs
Pulse width of spike  t, — — 1t ns
on SCL and SDA to
be suppressed
SDA input bus-free  t 5t — — ns
time
Start condition input  t_,, 3t — — ns
hold time
Repeated start toras 3t — — ns
condition input setup
time
Stop condition input  t 3t — — ns
setup time
Data-input setup time t ¢ 1t,+20 — — ns
Data-input hold time  t_,, 0 — — ns
Capacitive load of Cb 0 — 400 pF
SCL and SDA
Falling time of SCL  t — — 300 ns
and SDA output
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21.4.4

A/D Converter Characteristics

Table 21.18 lists the A/D converter characteristics.

Table21.18 A/D Converter Characteristics

V,.=18V1036V,V, =0.0V, unlessotherwise specified.

Applicable Values
Item Symbol Pins Test Condition Min. Typ. Max. Unit Notes
Analog power AV, AV, 1.8 — 36 V *!
supply voltage
Analog input AV, ANO to AN5 -0.3 — AV, V
voltage +0.3
Analog power Al AV, AV, =30V — — 1.0 mA
supply current
PPy AISTOP1 AVcc - 600 — HA *2
Reference
value
Al STOP2 Avcc - - 5 pA 2
Analog input  C,, ANO to AN5 — — 15.0 pF
capacitance
Permissible Ran — — 10.0 kQ
signal source
impedance
Resolution — — 10 Bits
(data length)
Nonlinearity AV,,=27Vto36V — — +3.5 LSB Otherthan
error Vee=27V1036V subclock
AV, =20V1036V —  — 55 operation
Vi=20Vto3.6V
Subclock operating — — +5.5 Subactive or
subsleep mode,
conversion time =
31/0y
Other than above — — %75 *
Quantization — — +0.5 LSB

error
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Applicable Values
Iltem Symbol Pins Test Condition Min. Typ. Max. Unit Notes
Absolute AV, =27Vto36V — — +4.0 LSB
accuracy V,=27V1to36V
AV, =20Vto36V — — +6.0
Vi=20Vto3.6V
Subclock operating — — +6.0 Subactive or
subsleep mode,
conversion time =
31/¢,,
Other than above — — +8.0 *4
Conversion AV, ,=27Vto36V 124 — 124  ps System clock
time V,=27V1to36V oscillator is
selected
31 62 124 On-chip oscillator
is selected
Reference value
(fROSC = 1 MHZ)
— 807 — gy = 38.4 kHz
— 945  — gys = 32.8 kHz
- 992 - d)sua = Rosc/32
Reference value
(frosc = 1 MHz)
Other than 295 — 124 System clock
AV, ,=27Vto36V oscillator is
V,=27V1to36V selected
31 62 124 On-chip oscillator
is selected
Reference value
(frosc = 1 MHz)
— 807 — g5 = 38.4 kHz
— 945 — s = 32.8 kHz
- 992 - ¢sua = Rosc/32
Reference value
(fROSC = 1 MHZ)
Notes: 1. Connect AV, to V_, when the A/D converter is not used.
2. Al is the current flowing through the ladder resistor while the A/D converter is idle.
3. Al is the current flowing at a reset, in standby mode or watch mode, through the

STOP2

ladder resistor while the A/D converter is idle.

4. Conversion time is 29.5 ps.
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2145 Comparator Characteristics
Table 21.19 shows the comparator characteristics.

Table 21.19 Comparator Characteristics

V,.=18V1036V,V, =0.0V, unlessotherwise specified.

Values

Item Test Condition Min. Typ. Max. Unit  Notes

Accuracy 1LSB =V_/30 — 1/2 — LSB Comparing
with internal
resistor
network

Conversion time — — 15 us

External input reference VCref pin 0.9 — 09xV,, V

voltage

Internal resistance 0.9 — 26/30 x V. V

compare voltage

Comparator input voltage =~ COMPO and COMP1 -0.3 — AV, +03 V

pins

Ladder resistance — 3 — MQ  Reference
value

21.4.6 Watchdog Timer Characteristics

Table 21.20 shows the watchdog timer characteristics.

Table 21.20 Watchdog Timer Characteristics

V,.=18V1t036V,V, =0.0V, unlessotherwise specified.

Applicable Values
Iltem Symbol Pins Test Condition Min. Typ. Max. Unit  Notes
On-chip tove 0.2 0.4 — s *

oscillator
overflow time

Note: * Indicates that the period from when the counter starts with 0 to when the counter
reaches 255 and an internal reset occurs while the on-chip oscillator is selected.
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21.4.7 Power-On Reset Circuit Characteristics
Table 21.21 lists the power-on reset circuit characteristics.

Table 21.21 Power-On Reset Circuit Characteristics

V,.=18V1t036V,AV_=18V1t0o36V,V =00V,
Ta=-20to +75°C (general specifications), Ta=—40 to +85°C (wide temperature range
specifications), unless otherwise specified.

Values
Item Symbol Test Condition Min. Typ. Max. Unit Notes
Reset voltage V_rst 0.7Vcc 0.8Vee 0.9Vee V
Power supply t_vtr The Vcc rising time should be
rising time shorter than half the RES rising
time.
Reset count time  t_out 0.8 — 4.0 us
3.2 — 26.7 On-chip oscillator
is selected
(reference value)
Count start time ~ t_cr Adjustable by the value of the
external capacitor connected to
the RES pin.
Pull-up resistance R, 60 100 — kQ
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215 Operation Timing

Figures 21.15 to 21.26 show operation timings.

toscs tw
Viy
OSC1,
X1 Vi
< CPH tepL
topr < > topy

tREL

Figure21.16 RES Low Width Timing

NMI, IRQO, IRQT,
ADTRG, IRQAEC,
AEVL, AEVH,

FTCI, FTIOA to FTIOD

SCK3

Figure21.18 SCK3Input Clock Timing

Rev. 3.00 May 15, 2007 Page 435 of 516
RENESAS REJ09B0152-0300




Section 21 Electrical Characteristics

_ tscyc _

SCK3 Vi or Vor” S Z
Vi or Vg *

tTXD

[~
TXD3 (Vo
(transmit data) Vo

N_‘OL
taxs | |4
<> RXH

= () X

Note: * Output timing referenced levels

Output high Voy=1/2Vcec + 0.2V

Output low Vo =08V
Load conditions are shown in figure 21.27.

Figure21.19 SCI3 Input/Output Timingin Clock Synchronous Maode

AYAYAYAYE

L— tsucvc —»]
—
SSO (output) X X X X
—

top ~| |«

- -

T

SSCK

)

‘tSU* <—tH—>

Figure21.20 SSU Input/Output Timingin Clock Synchronous M ode
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SCS (output)

SSCK (output)
CPOS =1

SSCK (output)

I\L

YA

<, o™

—
[\
WRAWEAW

CPOS =0 \
SSO (output) K >< >< > <
ton > I‘- top + |«
SSI (input) X' X x ] x X
~tou™| [t
Figure21.21 SSU Input/Output Timing
(Four-Line Bus Communication M ode, Master, CPHS = 1)
SCS (output)

SSCK (output)
CPOS =1

SSCK (output)
CPOS =0

SSO (output)

SSI (input)

Vi or Vou
Vi or Vg,

“ [\

L->| -~ > "tRISE

%l‘s F

(WA

<—tLO->

<-tH|->

[ T

niTog

—tsucvc—»

gS

A

 C X

tOH" |-

<

L AK
_ 7

=

™| [

Figure21.22 SSU Input/Output Timing
(Four-Line Bus Communication Mode, Master, CPHS = Q)
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SCS (input) XS Viror Vo )Z_
N VIL or vOL (C
<—tLEAD—> ‘tHI-’ tFALL"l - > "tRISE <_tLAG
SSCK (input) ]- ] B
CPOS =1 S \
1 ] B
<—tLO->
<-tH|->
SSCK (input) X y
CPOS =0
r 7 \ -
~ 5 «— tsucyg—»
SSO (input) X K x x x
. tSU | |- tH —
Y L I p's
SSI (output) __Z >< x
L . 7
tsa — - ton =~ top > [+ tor ™| [+
Figure21.23 SSU Input/Output Timing
(Four-Line Bus Communication Mode, Slave, CPHS = 1)
SCS (input) _BS Vi or Voy 72_ \
-V, or Vg, «
=t x| [t~ teaL > |+ | |~tase ‘_tLAG"|
SSCK (input) ]— K Z- ]
CPOS =1 \
— 1 7 5
~to™
<-tH|->
SSCK (input) Ay 7
CPOS =0 \
~t67] l«—Ttsucyc—|
SSO (input) X K x X
ety | |-ty
SSI (output)

O X

>| |-

tsa™]

Figure21.24 SSU Input/Output Timing
(Four-Line Bus Communication Mode, Slave, CPHS = 0)
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[ Yiv
SDA P \R " /
i
b | teue | |:
VI temam
ST ‘
PSR
e ScLL
fea < tspan

Note: * S, P, and Sr represent the following:
S: Start condition
P: Stop condition
Sr: Repeated start condition

Figure21.25 1°C BusInterface Input/Output Timing

Internal reset

Figure21.26 Power-On Reset Circuit Reset Timing
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21.6  Output Load Circuit

VCC

‘2 2.4 kQ
LS| output pin @ * L N—i

30 pF 12 kQ

Figure21.27 Output Load Condition

217 Recommended Resonators

(1) Recommended Crystal Resonators

Frequency (MHz) Manufacturer Part No.
4.194304 NIHON DEMPA KOGYO CO., LTD. NR-18
10 NIHON DEMPA KOGYO CO., LTD. NR-18

(2) Recommended Ceramic Resonators

Frequency (MHz) Manufacturer Part No.

2 Murata Manufacturing Co., Ltd. CSTCC2M00G53-B0

CSTCC2M00G56-B0

419 Murata Manufacturing Co., Ltd. CSTLS4M19G53-B0

CSTLS4M19G56-B0

10 Murata Manufacturing Co., Ltd. CSTLS10M0G53-B0

CSTLS10M0G56-BO

Figure21.28 Recommended Resonators
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21.8 Usage Note

The F-ZTAT and masked ROM versions satisfy the electrical characteristics shown in this
manual, however actual electrical characteristic values, operating margins, noise margins, and
other properties may vary due to differences in manufacturing process, on-chip ROM, layout
patterns, and so on.

When system evaluation testing is carried out using the F-ZTAT version, the same evaluation
testing should also be conducted for the masked ROM version when changing over to that version.
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A.

A.l

Appendix

I nstruction Set

Instruction List

Condition Code

Symbol Description

Rd General destination register

Rs General source register

Rn General register

ERd General destination register (address register or 32-bit register)

ERs General source register (address register or 32-bit register)

ERn General register (32-bit register)

(EAd) Destination operand

(EAs) Source operand

PC Program counter

SP Stack pointer

CCR Condition-code register

N N (negative) flag in CCR

Zz Z (zero) flag in CCR

\Y V (overflow) flag in CCR

C C (carry) flag in CCR

disp Displacement

- Transfer from the operand on the left to the operand on the right, or transition from
the state on the left to the state on the right

+ Addition of the operands on both sides

- Subtraction of the operand on the right from the operand on the left

x Multiplication of the operands on both sides

+ Division of the operand on the left by the operand on the right

A Logical AND of the operands on both sides

v Logical OR of the operands on both sides

@ Logical exclusive OR of the operands on both sides

- NOT (logical complement)

(), <> Contents of operand

Note: General registers include 8-bit registers (ROH to R7H and ROL to R7L) and 16-bit registers
(RO to R7 and EO to E7).
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Condition Code Notation (cont)

Symbol Description
0 Changed according to execution result
* Undetermined (no guaranteed value)
0 Clearedto 0
1 Setto 1
— Not affected by execution of the instruction
A Varies depending on conditions, described in notes

Rev. 3.00 May 15, 2007 Page 444 of 516
REJ09B0152-0300 RENESAS



Appendix

TableA.1

Instruction Set

1. DataTransfer Instructions

Addressing Mode and No. of
Instruction Length (bytes) States*!
) © p _ Condition Code
Mnemonic Ug) _ & Operation
H IHER .| B
g glulEl %] 8 E|ls
Sl xlclulS|i|s(2|® 513
O|l#|x|®|®|0®|I®|Q|® HIN|Z|V]|C|Z | <
MOV |MOV.B #xx:8, Rd B|2 #xx:8 — Rd8 —|T|2|0|— 2
MOV.B Rs, Rd B 2 Rs8 — Rd8 —|T[2|o0o|— 2
MOV.B @ERs, Rd B 2 @ERs — Rd8 —|T|{T]o|— 4
MOV.B @(d:16, ERs), Rd B 4 @(d:16, ERs) — Rd8 —|T|{T]o|— 6
MOV.B @(d:24, ERs), Rd B 8 @(d:24, ERs) — Rd8 —|T[T|o0|— 10
MOV.B @ERs+, Rd B 2 @ERs — Rd8 —[T|T|o|— 6
ERs32+1 — ERs32
MOV.B @aa:8, Rd B 2 @aa:8 — Rd8 —|T[2|o0o|— 4
MOV.B @aa:16, Rd B 4 @aa:16 — Rd8 —| (20— 6
MOV.B @aa:24, Rd B 6 @aa:24 — Rd8 —| (2o |— 8
MOV.B Rs, @ERd B 2 Rs8 — @ERd —| (20— 4
MOV.B Rs, @(d:16, ERd) B 4 Rs8 — @(d:16, ERd) —|T(T]o|— 6
MOV.B Rs, @(d:24, ERd) B 8 Rs8 — @(d:24, ERd) —|T|{T]o0|— 10
MOV.B Rs, @—ERd B 2 ERd32-1 — ERd32 —[{T|T|o|— 6
Rs8 — @ERd
MOV.B Rs, @aa:8 B 2 Rs8 — @aa:8 —[{T|T|o|— 4
MOV.B Rs, @aa:16 B 4 Rs8 — @aa:16 —[T|T]0|— 6
MOV.B Rs, @aa:24 B 6 Rs8 — @aa:24 —| 2|20 |— 8
MOV.W #xx:16, Rd W\ 4 #xx:16 — Rd16 —|T|T|0|— 4
MOV.W Rs, Rd w 2 Rs16 — Rd16 —|T(T]o|— 2
MOV.W @ERs, Rd w 2 @ERs — Rd16 —|T|{T|o|— 4
MOV.W @(d:16, ERs), Rd | W 4 @(d:16, ERs) — Rd16 —[T|T|o|— 6
MOV.W @(d:24, ERs), Rd | W 8 @(d:24, ERs) — Rd16 —[T|T|o|— 10
MOV.W @ERs+, Rd w 2 @ERs — Rd16 —|T[%|o|— 6
ERs32+2 — @ERd32
MOV.W @aa:16, Rd w 4 @aa:16 — Rd16 —|T[2|o0o|— 6
MOV.W @aa:24, Rd w 6 @aa:24 — Rd16 —|T[2|o0o|— 8
MOV.W Rs, @ERd w 2 Rs16 — @ERd —|T[2|o0o|— 4
MOV.W Rs, @(d:16, ERd) | W 4 Rs16 — @(d:16, ERd) —|T|{T]o|— 6
MOV.W Rs, @(d:24, ERd) | W 8 Rs16 — @(d:24, ERd) —|T({T]o|— 10
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Addressing Mode and No. of
Instruction Length (bytes) States*!
° pa Condition Code
Mnemonic N & Operation
o = o
- = @ — (9]
c x| = O - o
3 c|W| g ol [ c
c |- |G| sl o] S E| S
Slxlc|lul|ZS|T|c2|® 5|3
O|l#|z|®|®|®|®|0|6 I [H|IN|Z]|V z | <
MOV  |MOV.W Rs, @-ERd w 2 ERd32-2 — ERd32 —|—|T[T|o0 6
Rs16 — @ERd
MOV.W Rs, @aa:16 w 4 Rs16 — @aa:16 —|—|T[T|o0 6
MOV.W Rs, @aa:24 w 6 Rs16 — @aa:24 —|—|T[T|o0 8
MOV.L #xx:32, ERd L|6 #xx:32 — ERd32 —|—|T[T|o0 6
MOV.L ERs, ERd L 2 ERs32 — ERd32 —|—|T[T|o 2
MOV.L @ERs, ERd L 4 @ERs — ERd32 —|—|T[T|o0 8
MOV.L @(d:16, ERs), ERd | L 6 @(d:16, ERs) — ERd32 —|[—|T[T]|o 10
MOV.L @(d:24, ERs), ERd | L 10 @(d:24, ERs) — ERd32 —|[—|T|T]|o 14
MOV.L @ERs+, ERd L 4 @ERs — ERd32 —|—|T[T|o0 10
ERs32+4 — ERs32
MOV.L @aa:16, ERd L 6 @aa:16 — ERd32 —|—|T[T|o0 10
MOV.L @aa:24, ERd L 8 @aa:24 — ERd32 —|—|T[T|o0 12
MOV.L ERs, @ERd L 4 ERs32 — @ERd —|—]T[T|o0 8
MOV.L ERs, @(d:16, ERd) | L 6 ERs32 — @(d:16, ERd) —[—|T|T]|o 10
MOV.L ERs, @(d:24, ERd) | L 10 ERs32 — @(d:24, ERd) —[—=|TT o 14
MOV.L ERs, @-ERd L 4 ERd32-4 — ERd32 —|—|T[T]|o 10
ERs32 — @ERd
MOV.L ERs, @aa:16 L 6 ERs32 — @aa:16 —|—=|2|2 o0 10
MOV.L ERs, @aa:24 L 8 ERs32 —» @aa:24 —|—1]T1|T |0 12
POP POP.W Rn w @SP — Rn16 —|—|T[T|o0 6
SP+2 —» SP
POP.L ERn L @SP — ERn32 —[—=|T|T|o 10
SP+4 — SP
PUSH |PUSH.W Rn w SP-2 — SP —|—12|T |0 6
Rn16 - @SP
PUSH.L ERn L SP-4 — SP —[—=|TT o 10
ERn32 —» @SP
MOVFPE |MOVFPE @aa:16, Rd B 4 Cannot be used in Cannot be used in
this LSI this LS|
MOVTPE [MOVTPE Rs, @aa:16 B 4 Cannot be used in Cannot be used in
this LSI this LSI
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2. Arithmetic Instructions

Addressing Mode and No. of
Instruction Length (bytes) States*!
) ° s ) Condition Code
Mnemonic % ~ & Operation
o & % 5 18
T c|lWw| gy [ I} < c
olxl |GEl|Y|g]2|0 £l S
O|#||®Q®|®|Q|®|® HI{N|Z|V|C|Z2|<
ADD |ADD.B #xx:8, Rd B2 Rd8+#xx:8 — Rd8 12121212 2
ADD.B Rs, Rd B 2 Rd8+Rs8 — Rd8 R IRON RO IRON ) 2
ADD.W #xx:16, Rd W 4 Rd16+#xx:16 — Rd16 MmTIT|T|T 4
ADD.W Rs, Rd w 2 Rd16+Rs16 — Rd16 MmT|T|T|T 2
ADD.L #xx:32, ERd L|6 ERdA32:+#xx:32 — @(T]|T|T|T 6
ERd32
ADD.L ERs, ERd L 2 ERd32+ERs32 — @T|T|T |2 2
ERd32
ADDX |ADDX.B #xx:8, Rd B|2 Rd8+#xx:8 +C — Rd8 T1T(@|T | 2
ADDX.B Rs, Rd B 2 Rd8+Rs8 +C — Rd8 T1T(@|T|T 2
ADDS |ADDS.L #1, ERd L 2 ERd32+1 — ERd32 R R [ i, p— 2
ADDS.L #2, ERd L 2 ERd32+2 — ERd32 [ [ [ — - 2
ADDS.L #4, ERd L 2 ERd32+4 — ERd32 R [ [ — - 2
INC |INC.BRd B 2 Rd8+1 — Rd8 —| (3T |— 2
INC.W #1, Rd w 2 Rd16+1 — Rd16 —|T[T|T|— 2
INC.W #2, Rd w 2 Rd16+2 — Rd16 —| T[T |— 2
INC.L #1, ERd L 2 ERd32+1 — ERd32 —T|T|T|—= 2
INC.L #2, ERd L 2 ERd32+2 — ERd32 —T|T({T|—= 2
DAA |DAA Rd B 2 Rd8 decimal adjust S ON ON B ) 2
— Rd8
SUB |SUB.B Rs, Rd B 2 Rd8-Rs8 — Rd8 R IRON RO IRON ) 2
SUB.W #xx:16, Rd W 4 Rd16-#xx:16 — Rd16 MmTIT(T|T 4
SUB.W Rs, Rd w 2 Rd16-Rs16 — Rd16 MmT|T|T|eT 2
SUB.L #xx:32, ERd L|6 ERd32—#xx:32 — ERd32 @[T]|T|T|T 6
SUB.L ERs, ERd L 2 ERd32-ERs32 — ERd32 @T|T|T|T 2
SUBX [SUBX.B #xx:8, Rd B|2 Rd8-#xx:8-C — Rd8 TIT|®|T|T 2
SUBX.B Rs, Rd B 2 Rd8-Rs8-C — Rd8 T1T@|T T 2
SUBS |SUBS.L #1, ERd L 2 ERd32-1 — ERd32 RN R R R 2
SUBS.L #2, ERd L 2 ERd32-2 — ERd32 R R R R - 2
SUBS.L #4, ERd L 2 ERd32-4 — ERd32 R R [ p— 2
DEC |DEC.BRd B 2 Rd8-1 — Rd8 —T|T({T |- 2
DEC.W #1, Rd w 2 Rd16-1 — Rd16 —T|T({T |- 2
DEC.W #2, Rd w 2 Rd16-2 — Rd16 —|T[T(T|— 2
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Addressing Mode and No. of
Instruction Length (bytes) States*1

® P2 Condition Code

Mnemonic N & Operation

(7] =le -
o S G ja}
c x|z O — o
I c| Wy oo [ c
] Tlslu|la|ls| & £ <
SlzlclulZS|1|c(2|®© 5|3
O|£|x|®|®|8|®|8|® H|N|z|Vv]|Cc|Z2|<

DEC |DEC.L #1, ERd L 2 ERd32-1 — ERd32 —|T(T|T|— 2
DEC.L #2, ERd L 2 ERd32-2 — ERd32 —|T(T|T|— 2

DAS |DAS.Rd B Rd8 decimal adjust * T |— 2

— Rd8
MULXU|MULXU. B Rs, Rd B 2 Rd8 x Rs8 — Rd16 — === 14
(unsigned multiplication)
MULXU. W Rs, ERd w 2 Rd16 x Rs16 — ERd32 — === 22
(unsigned multiplication)
MULXS|MULXS. B Rs, Rd B 4 Rd8 x Rs8 — Rd16 —| T[T |—=|—= 16
(signed multiplication)
MULXS. W Rs, ERd W 4 Rd16 x Rs16 — ERd32 —| T[T |—=|—= 24
(signed multiplication)
DIVXU [DIVXU. B Rs, Rd B 2 Rd16 + Rs8 — Rd16 —|®)|@®|—|— 14
(RdH: remainder,
RdL: quotient)
(unsigned division)
DIVXU. W Rs, ERd W 2 ERd32 + Rs16 — ERd32 —|6)|(7)|—|— 22
(Ed: remainder,
Rd: quotient)
(unsigned division)
DIVXS |DIVXS. B Rs, Rd B 4 Rd16 + Rs8 — Rd16 — @) |7 —|— 16
(RdH: remainder,
RdL: quotient)
(signed division)
DIVXS. W Rs, ERd W 4 ERd32 + Rs16 — ERd32 — 1) |?)|—|— 24
(Ed: remainder,
Rd: quotient)
(signed division)

CMP |CMP.B #xx:8, Rd B2 Rd8—#xx:8 TIT|T(T|T 2
CMP.B Rs, Rd B 2 Rd8-Rs8 R ION BON O 2
CMP.W #xx:16, Rd W 4 Rd16-#xx:16 MmT|IT|T|T 4
CMP.W Rs, Rd w 2 Rd16-Rs16 VIR 2
CMP.L #xx:32, ERd L|e ERd32—#xx:32 @T|T|T|T 4
CMP.L ERs, ERd L 2 ERd32-ERs32 @IT|T|T|T 2
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Addressing Mode and No. of
Instruction Length (bytes) States*!
o p Condition Code
Mnemonic N 5 Operation
) —
e c|® ~ 2
2 @|= o - 18
g cl4le &g gl s
olxllEl2|Y|glZ|0 5|3
O|#¥|x|®|0|®|®|0|Q| | I|H[N|Z|V|Cc|Z | <
NEG |NEG.BRd B 2 0-Rd8 — Rd8 MR 2
NEG.W Rd w 2 0-Rd16 — Rd16 —|T(T(c|T|? 2
NEG.L ERd L 2 0-ERd32 — ERd32 —||12|T|T |2 2
EXTU [EXTU.W Rd w 2 0 — (<bits 15 to 8> —|—=l0|T |0 |— 2
of Rd16)
EXTU.L ERd L 2 0 — (<bits 31 to 16> —|—=l0|T|0|— 2
of ERd32)
EXTS |EXTS.W Rd w 2 (<bit 7> of Rd16) — — =TT |0 |— 2
(<bits 15 to 8> of Rd16)
EXTS.L ERd L 2 (<bit 15> of ERd32) — — (=TT |0|— 2
(<bits 31 to 16> of
ERd32)
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3. Logic Instructions

Addressing Mode and No. of
Instruction Length (bytes) States*!
° s Condition Code
Mnemonic N & Operation
@ =|® ~ 3
c =4
T c|W| gy a|c [ c
i o e B e e E|
SlixlclulS|T|s|2]|® S|z
O|%|z|®|®® Q|88 HIN[Z]|V z| <
AND |AND.B #xx:8, Rd B|2 Rd8A#xx:8 — Rd8 —[T|T]o 2
AND.B Rs, Rd B 2 Rd8ARs8 — Rd8 —|T[T|o 2
AND.W #xx:16, Rd W4 Rd16A#xx:16 — Rd16 —(T|T|o 4
AND.W Rs, Rd w 2 Rd16ARs16 — Rd16 —|T|T|o 2
AND.L #xx:32, ERd L|6 ERd32A#xx:32 — ERd32 —|T[T|o 6
AND.L ERs, ERd L 4 ERd32AERs32 — ERd32 —|T[T|o 4
OR |OR.B #xx:8, Rd B2 Rd84xx:8 — Rd8 —|T1|T |0 2
OR.B Rs, Rd B 2 Rd8Rs8 — Rd8 —|T|T|o 2
OR.W #xx:16, Rd W\ 4 Rd16v#xx:16 — Rd16 —|T|T |0 4
OR.W Rs, Rd w 2 Rd16vRs16 — Rd16 —|T[T|o 2
OR.L #xx:32, ERd L|6 ERd32v#xx:32 — ERd32 —(T|T|o 6
OR.L ERs, ERd L 4 ERd32vERs32 — ERd32 —|T|2T]o 4
XOR |XOR.B #xx:8, Rd B|2 Rd8®#xx:8 — Rd8 —[T|T]o0 2
XOR.B Rs, Rd B 2 Rd8®Rs8 — Rd8 —[T|T|o 2
XOR.W #xx:16, Rd W\ 4 Rd16®#xx:16 — Rd16 —(ZT|T 1o 4
XOR.W Rs, Rd w 2 Rd16®Rs16 — Rd16 —|T[T|o 2
XOR.L #xx:32, ERd L|6 ERd32®#xx:32 — ERd32 —|T|T|o 6
XOR.L ERs, ERd L 4 ERdA32®ERs32 — ERd32 —|T|T|o 4
NOT |NOT.BRd B 2 - Rd8 — Rd8 —[T|T|o 2
NOT.W Rd w 2 - Rd16 — Rd16 —[T|T|o 2
NOT.L ERd L 2 - Rd32 — Rd32 —|T|T|o 2
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4, Shift Instructions

Addressing Mode and No. of
Instruction Length (bytes) States*!
® £ Condition Code
Mnemonic N & Operation

2 ) ~ 3

2 [ o _ 13

c

& slulg| |%|¢g E| &

Sl x| |w|Z2|Y|g|=2|® 5|3

0O|%|z|®|®®Q|8|6 HIN|z[V|c|z ]| <
SHAL |SHAL.B Rd B 2 _ o R 2
SHAL.W Rd w 2 R 2
SHAL.L ERd L 2 Mse LS8 —|eft]e|e 2
SHAR |SHAR.B Rd B 2 _ —|T|T|o|? 2
SHAR.W Rd w 2 L —|2lz]ol2]| 2
SHAR.L ERd L 2 msB LsB —|T|t|o|2 2
SHLL |SHLL.BRd B 2 _ —|2]2|o|2 2

0
SHLL.W Rd w 2 —[T|T|0|T 2
SHLL.L ERd L 2 vSB Ls8 —|T|t|o]2 2
SHLR |SHLR.B Rd B 2 —[(T|T|0o|T 2
SHLR.W Rd w 2 0 _ —[T|T|o0|T 2
SHLR.L ERd L 2 MsB LsB —|2|T|o|2 2
ROTXL |ROTXL.B Rd B 2 —[(T|T|0|T 2
ROTXL.W Rd w 2 —[T]|T|o]|2 2
ROTXL.L ERd L 2 MSB <—— LSB —|T(T|o|T 2
ROTXR |ROTXR.B Rd B 2 —[T|T|0|T 2
ROTXR.W Rd w 2 —[T]|T|o]|2 2
ROTXR.L ERd L 2 MSB —* LSB —|2|T|o|2 2
ROTL |ROTL.BRd B 2 —[T|T|o0|T 2
ROTL.W Rd w 2 ;. —|t({t]oft 2
ROTL.L ERd L 2 MSB +—— LSB —|T|T|o|2 2
ROTR |ROTR.B Rd B 2 _ I —|T|T|o|T 2
c
ROTR.W Rd w 2 [ — —[z]slols] =2
ROTR.L ERd L 2 MSB >~ LsB —[T]|T|o]|2 2
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5. Bit-Manipulation Instructions

Addressing Mode and No. of
Instruction Length (bytes) States*!
) ° pa . Condition Code
Mnemonic % _ % Operation -
2 el=| |o s |2
3 c|W|g (oS I [ c
ol B2 8|20 ElE
O|#||®|®|® 006 HIN|Z|V z | <
BSET |BSET #xx:3, Rd B 2 (#xx:3 of Rd8) « 1 —|——]— 2
BSET #xx:3, @ERd B 4 (#xx:3 of @ERd) « 1 —|—|—|— 8
BSET #xx:3, @aa:8 B 4 (#xx:3 of @aa:8) « 1 — === 8
BSET Rn, Rd B 2 (Rn8 of Rd8) « 1 —|—|—|— 2
BSET Rn, @ERd B 4 (Rn8 of @ERd) « 1 —|—|—|— 8
BSET Rn, @aa:8 B 4 (Rn8 of @aa:8) « 1 — === 8
BCLR |BCLR #xx:3, Rd B 2 (#xx:3 of Rd8) «- 0 — === 2
BCLR #xx:3, @ERd B 4 (#xx:3 of @ERd) « 0 — === 8
BCLR #xx:3, @aa:8 B 4 (#xx:3 of @aa:8) « 0 —|—=|—=— 8
BCLR Rn, Rd B 2 (Rn8 of Rd8) «— 0 — === 2
BCLR Rn, @ERd B 4 (Rn8 of @ERd) «— 0 — === 8
BCLR Rn, @aa:8 B 4 (Rn8 of @aa:8) «— 0 — === 8
BNOT |BNOT #xx:3, Rd B 2 (#xx:3 of Rd8) « — === 2
- (#xx:3 of Rd8)
BNOT #xx:3, @ERd B 4 (#xx:3 of @ERd) « — === 8
- (#xx:3 of @ERd)
BNOT #xx:3, @aa:8 B 4 (#xx:3 of @aa:8) « — === 8
- (#xx:3 of @aa:8)
BNOT Rn, Rd B 2 (Rn8 of Rd8) « —|—1—|— 2
- (Rn8 of Rd8)
BNOT Rn, @ERd B 4 (Rn8 of @ERd) « —|—|—|— 8
- (Rn8 of @ERd)
BNOT Rn, @aa:8 B 4 (Rn8 of @aa:8) « —|—|—|— 8
- (Rn8 of @aa:8)
BTST |BTST #xx:3, Rd B 2 - (#xx:3 of Rd8) — Z — =17 |— 2
BTST #xx:3, @ERd B 4 - (#xx:3 of @ERd) - Z — =T |— 6
BTST #xx:3, @aa:8 B 4 - (#xx:3 of @aa:8) - Z — =T [— 6
BTST Rn, Rd B 2 - (Rn8 of @Rd8) —» Z — =T |= 2
BTST Rn, @ERd B 4 - (Rn8 of @ERd) — Z — =T |= 6
BTST Rn, @aa:8 B 4 - (Rn8 of @aa:8) —» Z — =T |- 6
BLD |BLD #xx:3, Rd B 2 (#xx:3 of Rd8) — C — === 2
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Addressing Mode and No. of
Instruction Length (bytes) States*!
_ ° p ) Condition Code
Mnemonic N & Operation

® g2l |o |3

g sl [%]g g s

Slxl T2t E|2|O E|S

O|#|x|®®|®|0|®|6 HIN|Z|V]|C|Z2 | <
BLD |[BLD #xx:3, @ERd B 4 (#xx:3 of @ERd) — C —|—=]—=|—|7 6
BLD #xx:3, @aa:8 B 4 (#xx:3 of @aa:8) — C —|—=]—=|—|7Z 6
BILD |[BILD #xx:3, Rd B 2 = (#xx:3 of Rd8) — C B el el el B 2
BILD #xx:3, @ERd B 4 - (#xx:3 of @ERd) —» C JE U U P 6
BILD #xx:3, @aa:8 B 4 - (#xx:3 of @aa:8) — C B el el el B 6
BST |BST #xx:3, Rd B 2 C — (#xx:3 of Rd8) — = |——— 2
BST #xx:3, @ERd B 4 C — (#xx:3 of @ERd24) — = |——— 8
BST #xx:3, @aa:8 B 4 C — (#xx:3 of @aa:8) — = |——— 8
BIST |[BIST #xx:3, Rd B 2 - C — (#xx:3 of Rd8) — = |——— 2
BIST #xx:3, @ERd B 4 = C — (#xx:3 of @ERd24) —|—|——— 8
BIST #xx:3, @aa:8 B 4 - C — (#xx:3 of @aa:8) —|—|——— 8
BAND |BAND #xx:3, Rd B 2 CA(#xx:3 of Rd8) — C —|—=]—=|—|7 2
BAND #xx:3, @ERd B 4 CA(#xx:3 of @ERd24) — C —|—=]—=|—|7Z 6
BAND #xx:3, @aa:8 B 4 CA(#xx:3 of @aa:8) — C —|—=]—=|—|7Z 6
BIAND |BIAND #xx:3, Rd B 2 CA = (#xx:3 of Rd8) — C JE R U P 2
BIAND #xx:3, @ERd B 4 Ch = (#xx:3 of @ERd24) — C —|—=]—=|—|7 6
BIAND #xx:3, @aa:8 B 4 Ch = (#xx:3 of @aa:8) - C —|——]—17 6
BOR |BOR #xx:3, Rd B 2 Cv(#xx:3 of Rd8) — C —|——]—17 2
BOR #xx:3, @ERd B 4 Cv(#xx:3 of @ERd24) — C —|——]—17 6
BOR #xx:3, @aa:8 B 4 Cv(#xx:3 of @aa:8) — C —|——]—17 6
BIOR |BIOR #xx:3, Rd B 2 Cv = (#xx:3 of Rd8) - C B B e 2
BIOR #xx:3, @ERd B 4 Cv - (#xx:3 of @ERd24) — C —|—=|=]=12 6
BIOR #xx:3, @aa:8 B 4 Cv - (#xx:3 of @aa:8) —» C —|——]—17 6
BXOR [BXOR #xx:3, Rd B 2 Co(#xx:3 of Rd8) - C ——=—=1—17 2
BXOR #xx:3, @ERd B 4 Ca(#xx:3 of @ERd24) — C B B e 6
BXOR #xx:3, @aa:8 B 4 Ca(#xx:3 of @aa:8) — C —|——]—17 6
BIXOR [BIXOR #xx:3, Rd B 2 C® - (#xx:3 of Rd8) —» C —|—=]—=|—|7 2
BIXOR #xx:3, @ERd B 4 C® - (#xx:3 of @ERd24) —» C ——=—=1—17 6
BIXOR #xx:3, @aa:8 B 4 C® - (#xx:3 of @aa:8) > C —|—=—]—17 6
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6. Branching Instructions

Addressing Mode and No. of
Instruction Length (bytes) States* !
) @ 3 . Condition Code

Mnemonic Ug) _ 5 Operation -

2 £12 | .| B

g glélel |28 E|§

Slxlclu|S|i|[(2|® Branch |2

O|l#||®I®|®I®|®|® Condition H|N|Z|V z | <
Bcc |BRA d:8 (BT d:8) — 2 If condition | Always — === 4
BRA d:16 (BT d:16) — 4 is true then = 6
BRN d:8 (BF d:8) 2 PC < PC+d [\ever —|—|=]= 4
BRN d:16 (BF d:16) — 4 else next; === 6
BHI d:8 — 2 CvZ=0 —|—=|—— 4
BHI d:16 — 4 —_—=l=]= 6
BLS d:8 — 2 CvZ=1 — === 4
BLS d:16 — 4 —_—=l=]= 6
BCC d:8 (BHS d:8) — 2 C=0 — === 4
BCC d:16 (BHS d:16) — 4 === 6
BCS d:8 (BLO d:8) — 2 C=1 — === 4
BCS d:16 (BLO d:16) — 4 — === 6
BNE d:8 — 2 Z=0 — === 4
BNE d:16 — 4 ——=l=]= 6
BEQ d:8 —_ 2 Z=1 — === 4
BEQd:16 — 4 ——=l=]= 6
BVC d:8 — 2 V=0 — === 4
BVC d:16 — 4 ——=l=]= 6
BVS d:8 — 2 V=1 — === 4
BVS d:16 — 4 ——=l=]= 6
BPL d:8 — 2 N=0 — === 4
BPL d:16 — 4 ——=l=]= 6
BMI d:8 — 2 N=1 — === 4
BMI d:16 — 4 ——=l=]= 6
BGE d:8 — 2 N&V =0 — === 4
BGE d:16 — 4 ——=l=]= 6
BLT d:8 — 2 NeV =1 — === 4
BLT d:16 — 4 ——=l=]= 6
BGT d:8 — 2 Zv (NeV) =0 —|—=|—— 4
BGT d:16 — 4 ——=l=]= 6
BLE d:8 — 2 Zv (NeV) =1 —|—=|—— 4
BLE d:16 — 4 — === 6
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Addressing Mode and No. of
Instruction Length (bytes) States* !
° o Condition Code
Mnemonic N 5 Operation
(7] - -
hid c|® —~ @
c x|s O — o
S c|w|& a|la g | c
5 Tlslu|lae|ls|d E| S
2l x|l clu|S|TI[S[2]|© 5|3
O|#|z|®|®|8|0|8|6] | H{N|[Z]|V z|<
JVP |[JMP @ERn — 2 PC < ERn —|—=|—— 4
JMP @aa:24 — 4 PC « aa:24 —|—]—|— 6
JMP @ @aa:8 — 2 PC « @aa:8 —|—|—|— 8 | 10
BSR |BSRd:8 — 2 PC - @-SP —|—|—— 6 8
PC « PC+d:8
BSR d:16 — 4 PC - @-SP —|—|—— 8 | 10
PC « PC+d:16
JSR |JSR @ERn — 2 PC - @-SP — === 6 8
PC < ERn
JSR @aa:24 — 4 PC - @-SP —|—=—— 8 | 10
PC < aa:24
JSR @ @aa:8 — 2 PC - @-SP —|—=|—— 8 |12
PC « @aa:8
RTS |[RTS — 2 |[PC « @SP+ —|—=|—— 8 | 10
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7. System Control Instructions

Addressing Mode and No. of
Instruction Length (bytes) States*!
© p Condition Code
Mnemonic N & Operation
@) =le o
k=] sl O Q
= x| = ) —= o
g c|lw|& o|wm s | 2
il gl |G| sl o] S £ <
Slxlcluw|l2S|T|&2|© s |3
A HEECIEIEIEIEE H{N[Z]|V z| <
TRAPA | TRAPA #x:2 — PC - @-SP —|—=—— 14 | 16
CCR - @-SP
<vector> — PC
RTE |RTE CCR « @SP+ TIT|T]|T 10
PC « @SP+
SLEEP |SLEEP Transition to power- el Al 2
down state
LDC |LDC #xx:8, CCR B #xx:8 - CCR TIT|T(T|T|T 2
LDC Rs, CCR B Rs8 _s CCR OR RO IRON O IRON ) 2
LDC @ERs, CCR w 4 @ERs — CCR TiT|T|T|T|T 6
LDC @(d:16, ERs), CCR w 6 @(d:16, ERs) - CCR TiT|T|T|T|T 8
LDC @(d:24, ERs), CCR w 10 @(d:24, ERs) - CCR TIT|T(T|T|T 12
LDC @ERs+, CCR w 4 @ERs — CCR slelels 8
ERs32+2 — ERs32
LDC @aa:16, CCR w 6 @aa:16 — CCR TIT|T]|T 8
LDC @aa:24, CCR w 8 @aa:24 — CCR TIT|T]|T 10
STC |STC CCR, Rd B CCR — Rd8 —|—|—|— 2
STC CCR, @ERd w 4 CCR — @ERd —|——— 6
STC CCR, @(d:16, ERd) w 6 CCR — @(d:16, ERd) — === 8
STC CCR, @(d:24, ERd) w 10 CCR — @(d:24, ERd) —|——— 12
STC CCR, @-ERd w 4 ERd32—2 — ERd32 — === 8
CCR — @ERd
STC CCR, @aa:16 W 6 CCR — @aa:16 — == 8
STC CCR, @aa:24 W 8 CCR — @aa:24 el el el 10
ANDC |ANDC #xx:8, CCR B CCORA#xx:8 — CCR TIT(T|T|T|T 2
ORC [ORC #xx:8, CCR B CCRv#xx:8 — CCR TIT(T|T|T|T 2
XORC |XORC #xx:8, CCR B CCR@®#xx:8 — CCR TIT(T|T|T|T 2
NOP |NOP — PC « PC+2 Rl el 2
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8. Block Data Transfer Instructions

Mnemonic

Operand Size

Addressing Mode and
Instruction Length (bytes)

#XX

@-ERn/@ERN+

@ERnN
@(d, ERn)
@aa

@(d, PC)
@@aa

Rn

Operation

Condition Code

No. of
States*!

Normal
Advanced

EEPMOV

EEPMOV. B

IN

if R4L # 0 then
repeat @R5 — @R6
R5+1 — R5
R6+1 — R6
R4L-1 — R4L
until R4L=0
else next

—|—|—| 8+4n*2

EEPMOV. W

N

if R4 # 0 then
repeat @R5 — @R6
R5+1 —» R5
R6+1 — R6
R4-1 - R4
until R4=0
else next

— | —|—| 8+4n*2

Notes: 1. The number of states in cases where the instruction code and its operands are located
in on-chip memory is shown here. For other cases, see appendix A.3, Number of

Execution States.
n is the value set in register R4L or R4.

(1) Setto 1 when a carry or borrow occurs at bit 11; otherwise cleared to 0.

synchronization with the E clock is variable.

(6) Setto 1 when the divisor is negative; otherwise cleared to 0.

(7) Setto 1 when the divisor is zero; otherwise cleared to 0.

(8) Setto 1 when the quotient is negative; otherwise cleared to 0.

) Setto 1 when a carry or borrow occurs at bit 27; otherwise cleared to 0.

) Retains its previous value when the result is zero; otherwise cleared to 0.

(4) Setto 1 when the adjustment produces a carry; otherwise retains its previous value.
) The number of states required for execution of an instruction that transfers data in
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Operation Code Map

A2

TableA.2 Operation Code Map (1)

AOW

ANy 3
HOX a
) o
xans g
e v
xaav 6
aav 8
ag anvig doxig dolg
N.<Amwnw._. AOWd33 N.<AM_vnm._. N.(MN:VDN._. AOW ‘
Fw_%._m ANVE | HOX8 |~ HOB| 51g | wiog | ioNg | i3sg
AOW any jS[0):¢ [0} 9
158
@)
dsr dsg dAr 2V alqeL Ydvdl 314 dusg S1d NXAIQ NXINAN NXAIQ NXINN g
ERic] 199 174 394 INg Idg SAg OoAnd o3g 3Ng sog 0049 sg IHg Ndg vdg 14
€
a'AON
4
(2 (] (] () . X . (2 (&) @) ()
-V elqeL xans dno -V elqeL |-V elqel ans -V elqeL gaNv g'Hox 840 -V elqel (2-v e|qeL (g-V e|qeL |2-V e|qeL -
() (] (@) @)
svoes | Xaqv Aow v ol | 2w el aav oa1 | oanv | odox | owo | odl 018 |,y ames | 9ON 0
4 3 a o g v 6 8 . 9 S v £ 2 ' o (3 v
TSI Hg J0 1Iq Jued1jub s 1sow cws\s:o:o:hmc_lv_N g _ g v TRv
‘0'SI HE 0 11 1Ued1IUBIS 1SOW UBLM UOIIINISU| L alkgpuz | @1AqsT :8p02 uonoNIISU|
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TableA.2 Operation Code Map (2)

NV | HOX | HO | 8@ns | dwo 7 aav | AOW | VL
NV | HOX | HO | 8@ns | dwo 7 aav | AOW | 6L
g 7 199 7 178 7 3og 7 Ing | dg 7 sng 7 ong | D3g | 3N | sog | 008 | s | IHE 7 NHE | vug 85
dwo sva 41
o3a o3a sans o3a o3a sans | gt
ans 03a | v
s1x3 7 ‘ six3 7 DaN 93N NLx3 7 7 NLx3 7 1ON 10N 7
H10d H10d HXLOH HXLOH el
1L0d L0d IX1OH IXLOY 21
HVHS HYHS HIHS gHS b
VHS VHS TIHS THS ot
AOW vva 40
ONI 7 7 ONI 7 7 saav ONI 7 7 ONI 7 saav | €0
aav ONI V0
el o e e d331s o1s/0a7 AOW | 10
4 a ) g 7 v 7 6 8 L 7 9 7 S v ) 7 z 7 L 0 Im._< HY
18 [HE | 1V [HY
alAqpuz | @1Aq ST :9p02 UooNJISU|
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TableA.2 Operation Code Map (3)

‘plal} SSeIpPE SINjoSqe ay) S| Be 2
‘plaly uoneuBisap saisiBol ay) 14 “| :SSION

47109 1ONg 13s9 FAALEYA
1si1g
d7109 1ONg 13s9 2, 9eBdL
189
amg anvig doxig dolig
1s1g FATALE"A
ang anva Hoxg d0og
1s18 2,9eedL
4108 1ONg 13s8 | ,l0:aL
1sig
4108 1ONg 13s9 | ,90:aL
1s9
amg anvig doxig dolg
1s1g 1, L0102
ang aNva Hoxg [0} ]
1819 1,90102
7 anvy 7 15[0)4¢ 7 dHo 90410
SXAId SXAIQ soato
SXINN SXINN G0OL0
als als ols ols 90710
oan oan oal oan
HOTg
Hav
El 3 a | 6 L 9 S 4 € 4 L 0 HY
10
“T'SI HA JO 1 Ued |41UBS 1SOW UBUYM UOIIONIISU| —»|
1 [HA | 70 |HO | 19 | HE | 1V | HV
‘0'S1 HQ 10 1iq 1Wed11ub s 1S0W UBYM UO11oNJIsuU | AalAquiy | @1Aqpig | @kqpuz | 81Aq ST 902 Uo1oNJISU|
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A3 Number of Execution States

The status of execution for each instruction of the H8/300H CPU and the method of calculating
the number of states required for instruction execution are shown below. Table A.4 shows the
number of cycles of each type occurring in each instruction, such asinstruction fetch and data
read/write. Table A.3 shows the number of states required for each cycle. The total number of
states required for execution of an instruction can be calculated by the following expression:

Execution states =1 x S|+ Jx S+ Kx § +L x§ +Mx S, + Nx S
Examples. When instruction is fetched from on-chip ROM, and an on-chip RAM is accessed.
BSET #0, @FF00

From table A .4:
I=L=2, J=K=M=N=0

From table A.3:
S =2, SL =2

Number of states required for execution=2x2+2x2=8

When instruction is fetched from on-chip ROM, branch address is read from on-chip ROM, and
on-chip RAM isused for stack area.

JSR @@ 30

From table A .4:
1=2, J=K=1, L=M=N=0

From table A.3:
§=§5=§=2

Number of states required for execution=2x2+1x2+1x2=8
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TableA.3 Number of Cyclesin Each Instruction

Execution Status Access Location

(Instruction Cycle) On-Chip Memory On-Chip Peripheral Module

Instruction fetch 2 —

Branch address read

Byte data access . 2o0r3*

S
S
Stack operation S
S
S

Word data access

Internal operation S, 1

Note: * Depends on which on-chip peripheral module is accessed. See section 20.1, Register
Addresses (Address Order).
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TableA.4 Number of Cyclesin Each Instruction

Instruction Mnemonic

Instruction Branch Stack
Addr. Read Operation

Fetch
|

J K

Byte Data
Access

L

Word Data Internal
Access Operation

M

N

ADD

ADD.B #xx:8, Rd
ADD.B Rs, Rd
ADD.W #xx:16, Rd
ADD.W Rs, Rd
ADD.L #xx:32, ERd
ADD.L ERs, ERd

1
1

ADDS

ADDS #1/2/4, ERd

ADDX

ADDX #xx:8, Rd
ADDX Rs, Rd

AND

AND.B #xx:8, Rd
AND.B Rs, Rd
AND.W #xx:16, Rd
AND.W Rs, Rd
AND.L #xx:32, ERd
AND.L ERs, ERd

N W

ANDC

ANDC #xx:8, CCR

-

BAND

BAND #xx:3, Rd
BAND #xx:3, @ERd
BAND #xx:3, @aa:8

e

Bcc

BRA d:8 (BT d:8)
BRN d:8 (BF d:8)
BHI d:8

BLS d:8

BCC d:8 (BHS d:8)
BCS d:8 (BLO d:8)
BNE d:8

BEQd:8

BVC d:8

BVS d:8

BPL d:8

BMI d:8

BGE d:8

NN D D DD N DN MDD NN DNDNDDND

RENESAS
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Instruction Mnemonic

Instruction Branch Stack
Addr. Read Operation

Fetch
|

J K

Byte Data
Access

L

Internal
Operation
N

Bcc

BLT d:8

BGT d:8

BLE d:8

BRA d:16(BT d:16)
BRN d:16(BF d:16)
BHI d:16

BLS d:16

BCC d:16(BHS d:16)
BCS d:16(BLO d:16)
BNE d:16

BEQ d:16

BVC d:16

BVS d:16

BPL d:16

BMI d:16

BGE d:16

BLT d:16

BGT d:16

BLE d:16

N D NN DD NN DN D NN DN DD N DNDNDDMND D NN

[ASIEN \C TN \C T \C R \C R \C T \C R \C RN \C R O \C I "I S I (VI v

BCLR

BCLR #xx:3, Rd
BCLR #xx:3, @ERd
BCLR #xx:3, @aa:8
BCLR Rn, Rd
BCLR Rn, @ERd
BCLR Rn, @aa:8

- NN =

NN

BIAND

BIAND #xx:3, Rd
BIAND #xx:3, @ERd
BIAND #xx:3, @aa:8

-

NN

BILD

BILD #xx:3, Rd
BILD #xx:3, @ERd
BILD #xx:3, @aa:8

-
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Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Instruction Mnemonic | J K L M N
BIOR BIOR #xx:3, Rd 1
BIOR #xx:3, @ERd 2 1
BIOR #xx:3, @aa:8 2 1

BIST BIST #xx:3, Rd 1
BIST #xx:3, @ERd
BIST #xx:3, @aa:8

NN
N

BIXOR BIXOR #xx:3, Rd 1
BIXOR #xx:3, @ERd
BIXOR #xx:3, @aa:8

[\SIE \V]

BLD BLD #xx:3, Rd 1
BLD #xx:3, @ERd
BLD #xx:3, @aa:8

NN
—_

BNOT BNOT #xx:3, Rd 1

BNOT #xx:3, @ERd 2 2

BNOT #xx:3, @aa:8 2 2

BNOT Rn, Rd 1

BNOT Rn, @ERd 2 2

BNOT Rn, @aa:8 2 2
BOR BOR #xx:3, Rd 1

BOR #xx:3, @ERd 2 1

BOR #xx:3, @aa:8 2 1
BSET BSET #xx:3, Rd 1

BSET #xx:3, @ERd 2 2

BSET #xx:3, @aa:8 2 2

BSET Rn, Rd 1

BSET Rn, @ERd 2 2

BSET Rn, @aa:8 2 2
BSR BSR d:8 2 1

BSR d:16 2 1 2
BST BST #xx:3, Rd 1

BST #xx:3, @ERd 2 2

BST #xx:3, @aa:8 2 2
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Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Instruction Mnemonic | J K L M N
BTST BTST #xx:3, Rd 1
BTST #xx:3, @ERd 2 1
BTST #xx:3, @aa:8 2 1
BTST Rn, Rd 1
BTST Rn, @ERd 2 1
BTST Rn, @aa:8 2 1
BXOR BXOR #xx:3, Rd 1
BXOR #xx:3, @ERd 2 1
BXOR #xx:3, @aa:8 2 1
CMP CMP.B #xx:8, Rd 1
CMP.B Rs, Rd 1
CMP.W #xx:16, Rd 2
CMP.W Rs, Rd 1
CMP.L #xx:32, ERd 3
CMP.L ERs, ERd 1
DAA DAA Rd 1
DAS DAS Rd 1
DEC DEC.B Rd 1
DEC.W #1/2, Rd 1
DEC.L #1/2, ERd 1
DIVXS DIVXS.B Rs, Rd 2 12
DIVXS.W Rs, ERd 2 20
DIVXU DIVXU.B Rs, Rd 1 12
DIVXU.W Rs, ERd 1 20
EEPMOV  EEPMOV.B 2 2n+2*"
EEPMOV.W 2 2n+2*!
EXTS EXTS.W Rd 1
EXTS.L ERd 1
EXTU EXTU.W Rd 1
EXTU.L ERd 1
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Instruction

Mnemonic

Instruction
Fetch

Branch Stack Byte Data Word Data Internal
Addr. Read Operation Access Access Operation
J K L M N

INC

INC.B Rd
INC.W #1/2, Rd
INC.L #1/2, ERd

1

JMP

JMP @ERn
JMP @aa:24
JMP @ @aa:8

JSR

JSR @ERn
JSR @aa:24
JSR @ @aa:8

[NCIENN \CRERN \C T B \C I \C B \b)

LDC

LDC #xx:8, CCR

LDC Rs, CCR
LDC@ERs, CCR
LDC@(d:16, ERs), CCR
LDC@(d:24,ERs), CCR
LDC@ERs+, CCR
LDC@aa:16, CCR
LDC@aa:24, CCR

-y

A WO N OO N

MOV

MOV.B #xx:8, Rd

MOV.B Rs, Rd

MOV.B @ERs, Rd
MOV.B @(d:16, ERs), Rd
MOV.B @(d:24, ERs), Rd
MOV.B @ERs+, Rd
MOV.B @aa:8, Rd
MOV.B @aa:16, Rd
MOV.B @aa:24, Rd
MOV.B Rs, @Erd
MOV.B Rs, @(d:16, ERd)
MOV.B Rs, @(d:24, ERd)
MOV.B Rs, @-ERd
MOV.B Rs, @aa:8

[N M

w N

AN
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Instruction Mnemonic

Instruction Branch Stack
Addr. Read Operation

Fetch
|

J K

Byte Data
Access

L

Word Data Internal
Access Operation
M N

MOV

MOV.B Rs, @aa:16
MOV.B Rs, @aa:24
MOV.W #xx:16, Rd
MOV.W Rs, Rd

MOV.W @ERs, Rd
MOV.W @(d:16,ERs), Rd
MOV.W @(d:24,ERs), Rd
MOV.W @ERs+, Rd
MOV.W @aa:16, Rd
MOV.W @aa:24, Rd
MOV.W Rs, @ERd
MOV.W Rs, @(d:16,ERd)
MOV.W Rs, @(d:24,ERd)
MOV.W Rs, @-ERd
MOV.W Rs, @aa:16
MOV.W Rs, @aa:24
MOV.L #xx:32, ERd
MOV.L ERs, ERd

MOV.L @ERs, ERd
MOV.L @(d:16,ERs), ERd
MOV.L @(d:24,ERs), ERd
MOV.L @ERs+, ERd
MOV.L @aa:16, ERd
MOV.L @aa:24, ERd
MOV.L ERs,@ERd
MOV.L ERs, @(d:16,ERd)
MOV.L ERs, @ (d:24,ERd)
MOV.L ERs, @-ERd
MOV.L ERs, @aa:16
MOV.L ERs, @aa:24

2
3
2

- A

W W N = AN =2 WD =N

-

1
1

[ACJENN \C R \C TR \C T \C N \C R (R (R B\ V)

MOVFPE

MOVFPE @aa:16, Rd**

MOVTPE

MOVTPE Rs, @aa:16**

NN WO D OO WO N D O N O W N

Rev. 3.00 May 15, 2007 Page 468 of 516
REJ09B0152-0300

RENESAS



Appendix

Instruction

Mnemonic

Instruction Branch Stack

Fetch
|

Byte Data Word Data Internal

Addr. Read Operation Access Access Operation

J K

L M N

MULXS

MULXS.B Rs, Rd
MULXS.W Rs, ERd

2
2

12
20

MULXU

MULXU.B Rs, Rd
MULXU.W Rs, ERd

12
20

NEG

NEG.B Rd
NEG.W Rd
NEG.L ERd

NOP

NOP

NOT

NOT.B Rd
NOT.W Rd
NOT.L ERd

OR

OR.B #xx:8, Rd
OR.B Rs, Rd
OR.W #xx:16, Rd
OR.W Rs, Rd
OR.L #xx:32, ERd
OR.L ERs, ERd

ORC

ORC #xx:8, CCR

POP

POP.W Rn
POP.L ERn

PUSH

PUSH.W Rn
PUSH.L ERn

ROTL

ROTL.B Rd
ROTL.W Rd
ROTL.L ERd

ROTR

ROTR.B Rd
ROTR.W Rd
ROTR.L ERd

ROTXL

ROTXL.B Rd
ROTXL.W Rd
ROTXL.L ERd

RENESAS
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Instruction

Mnemonic

Instruction Branch Stack
Addr. Read Operation

Fetch
|

J K

Byte Data
Access

L

Word Data Internal
Access Operation
M N

ROTXR

ROTXR.B Rd
ROTXR.W Rd
ROTXR.L ERd

1

-

RTE

RTE

RTS

RTS

NN

SHAL

SHAL.B Rd
SHAL.W Rd
SHAL.L ERd

e

SHAR

SHAR.B Rd
SHAR.W Rd
SHAR.L ERd

SHLL

SHLL.B Rd
SHLL.W Rd
SHLL.L ERd

SHLR

SHLR.B Rd
SHLR.W Rd
SHLR.L ERd

SLEEP

SLEEP

STC

STC CCR, Rd

STC CCR, @ERd

STC CCR, @(d:16,ERd)
STC CCR, @(d:24,ERd)
STC CCR,@-ERd

STC CCR, @aa:16
STC CCR, @aa:24

-y

AW N OO W N

SuUB

SUB.B Rs, Rd
SUB.W #xx:16, Rd
SUB.W Rs, Rd
SUB.L #xx:32, ERd
SUBL.L ERs, ERd

-

SUBS

SUBS #1/2/4, ERd
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Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Instruction Mnemonic | J K L M N
SUBX SUBX #xx:8, Rd 1
SUBX. Rs, Rd 1
TRAPA TRAPA #xx:2 2 1 2
XOR XOR.B #xx:8, Rd 1
XOR.B Rs, Rd 1
XOR.W #xx:16, Rd 2
XOR.W Rs, Rd 1
XOR.L #xx:32, ERd 3
XOR.L ERs, ERd 2

XORC XORC #xx:8, CCR

1

Notes: 1. n: Specified value in R4L and R4. The source and destination operands are accessed

n+1 times respectively.

2. It cannot be used in this LSI.
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A4

Combinations of I nstructions and Addressing M odes

TableA.5 Combinationsof Instructionsand Addressing M odes

Addressing Mode

jot
~ | =~ | x
Functions Instructions g | & é 5 o
s ﬂ ¥ o lsla|s |9
Ela | |le|l SRS |2]8
3 c|lw [ 2|2 | w @ @ s [ 22 |©
# x | ®|®|©®|0® |0 |08 |6 |6 |6 |6 |
Data MoV BWL |[BWL |BWL |BWL |[BWL [BWL| B [BWL[BWL| — | — | — | —
transfer POP, PUSH e — === |w
instructions
MOVFPE, — — e e el el e el el el e e
MOVTPE
Arithmetic ADD, CMP BwLiwo| — | — | — | — | — | — | — | — | — | — | —
operations SUB welwL] — | —m | —m | = | = | = | = | = | = | — | —
ADDX, SUBX B B - - —=—|—=—|—|—| —
ADDS, SUBS — L - - |—-—|—=—|—=—|—=|—| —
INC, DEC —BWL| — | — | — | — === — | — | —
DAA, DAS — B - -\ —=—|—|—| —
MULXU, - BwW| - - -] — | — | —
MULXS,
DIVXU,
DIVXS
NEG —BWL| — | — | — | — | == — | — | —
EXTU, EXTS —|w| - - —|—]|—|—|—1|—
Logical AND, OR, XOR —BWL| — | — | — | — |- = — | — | —
operations NOT N VY N I I I O I U N D D
Shift operations —BwWwL| — | — | - | == | = | = | — | —
Bit manipulations — B B — | = | = B - = = = | = | =
Branching BCC, BSR — — el el el e e — | — —
instructions JMP, JSR _ _ O 1 _ O O _ |
RTS — =] ==]=]=|=-1=-10|—-]1—-10] -
System TRAPA — |- === =|=|=|=]=1=1=-10
i(;g::ﬁ::ltions RTE - O
SLEEP — |- === =|=|=|=]=1=1=-10
LDC B|lB|lWwW|w|wlw|l—|WwW|lw|—|—|—=1]0O0
STC —|Blwlw|w|w|—|w|lw|]—|—|—]|—=
ANDC, ORC, Bl l—|—|=|=|=|=]|=|=|=|=|=|=
XORC
NOP — [ =1=1=1T=1T=-1=1T=1=1=1=71=10
Block data transfer instructions - === = === —|—|—|— |BW
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B. /O Ports

B.1 I/O Port Block Diagrams

SBY
‘ ( E— PUCR12 | >
Vce
Ve PMR15 | _ _
—( & (rRaaEC) ™ |3
«
©
P12 _(:b-‘ %
PDR12 || ¢
=
Vss
— PCR12 |
1> >
AEC module_
ID > IRQAEC
PDR1: Port data register 1 -
PCR1: Port control register 1 :ECPWM
PMR1: Port mode register 1 - :AECPWM

PUCR1: Port pull-up control register 1

FigureB.1(a) Port 1 Block Diagram (P12)
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(9]
us]
<

<h PUCR11
Vcc

Vce
p_CF PMR14
(FTCI)

P11 PMR13
—C —] 3 eV

PFCR

IRQ1S0)

V.
s CF (IRQ1S1,

PDR11

A

PCR11

A

Internal data bus

> >
AEC module_
) > AEVL
Timer W module
a ) > FTCI

PDR1: Port data register 1

PCR1: Port control register 1

PMR1: Port mode register 1

PUCR1: Port pull-up control register 1
PFCR : Pin function control register

FigureB.1(b) Port 1 Block Diagram (P11)
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P12

PDR1:
PCR1:
PMR1:
PUCR1:

WATCH:

Ct PUCR10

PMR12

A

(CLKOUT)| ~

(TMOW)

PMR10

e

Vee -CP TR
eG
n=

(AEVH)

Internal data bus

WATCH

| PDR10 [
Vss
11 PCR10 |
|

— Output

Timer W

control
signal A

Port data register 1
Port control register 1
Port mode register 1

A

A

FTIOA

CLKOUT

Port pull-up control register 1
Watch mode

(

oosc, posc/2,
dosc/4

FigureB.1(c) Port 1 Block Diagram (P10)
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Vce

P32

@7 PUCR32

A

(SCINV1)[*

SPCR

SPCR

(SPC3)

d—

A

PDR32

A

PCR32

—

PDRS3: Port data register 3

PCR3: Port control register 3
PUCRS: Port pull-up control register 3
SPCR: Serial port control register

Internal data bus

SCI3 module

FigureB.2 (a)

Port 3 Block Diagram (P32)
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SCI3 module
. <— RE3
SBY —1 RXD3/IrRXD
C(:_ PUCR31 [ >
Vce
Vce
3
P31 o
PDR31 [« e
(]
©
E
Vss =
PCR31 | g

T
5

PDR3: Port data register 3

PCR3: Port control register 3 SPCR - -
PUCR3: Port pull-up control register 3 (SCINVO)
SPCR: Serial port control register

FigureB.2 (b) Port 3 Block Diagram (P31)
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v SCI3 module
~<— SCKIE3
<— SCKOE3
< SCKO3

| SCKI3
PUCR30 [*—>| | ™ =~
o PMR30 |
(VCref)
Vce 3
Ves PFCR g
'_(:ic (IRQOS1, ||
IRQOS0) =
Jo— £
P30 E
PDR30 [
Vss
PCR30 |-
1> >
——d 7 )
S? Comparator _
I\’q » 1 \/Cref

PDR3: Port data register 3

PCRS3: Port control register 3
PMR3: Port mode register 3
PUCRS3: Port pull-up control register 3

FigureB.2(c) Port 3 Block Diagram (P30)
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SBY
— >
@ PUCRén Timer W
< Output
9 control
Vce signals
{ o| [BtoD
>
o
S
©
el
©
E
Pén PDR8n |+ £
Vss
— PCR8n |<+—
b
FTIOB
_|to
~"| FTIOD
WATCH A
o

PDR8: Port data register 8

PCR8:  Port control register 8
PUCRS: Port pull-up control register 8
WATCH: Watch mode

n=4to2

FigureB.3(a) Port 8 Block Diagram (P84 to P82)

Rev. 3.00 May 15, 2007 Page 479 of 516
RENESAS REJ09B0152-0300




Appendix

( E_ PUCR93 [+ SSU

<e—| SSI output control

SBY
Vee ‘CE | SSl input control
- <] SSINMOS

p—o(:l: | open-drain
PODR93 |+ - output control
3
. S
PFCR g
P G (IRQ1S1, [+—> 5
—( :E IRQ1S0) £
| IS
-
Vss PDR93

— PCR93 |[<+—

-<—| SSl output

d! y————>| SSlinput
—@—> iRQA

PDR9: Port data register 9 Note: When the SSUS bit in PFCR is 1, the SSI pin is
PCR9: Port control register 9 switched to the SCS pin.

PODR9:Port open-drain control register 9

PUCRO: Port pull-up control register 9

FigureB.4 (a) Port 9 Block Diagram (P93)
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( E_ PUCR92 [+

SSuU

Vce ACH ]
S § ]

D‘G:@ l PODRE2 [+

Y

Internal data bus

PFCR

P92 (IRQOSHT, >
G IRQ0S0)

A
4

SSO output control

SSO input control
SSO NMOS
open-drain output
control

Vss PDR92 [
— PCR92 |
1> =
< SSO output
_D—> SSO input
4@—> RQO
PDR9: Port data register 9 Note: When the SSUS bit in PFCR is 1, the SSO pin is
PCR9: Port control register 9 switched to the SSCK pin.

PODR9: Port open-drain control register 9
PUCRO: Port pull-up control register 9

FigureB.4 (b) Port 9 Block Diagram (P92)
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Po1 D

SBY
( E_ PUCR91 | ssu
e SSCK output control
Vce % 1 - SSCK input control
\—D SSCK NMOS
| <] open-drain output
_I %) control
=1
e}
PODR91 [+ {%
©
©
£
o
+—<1 PDR91 [<+—=
Vss L_qu
— PCR91 |<+—
1> >
SSCK output
—9D————{sscKinput
1IC2 bus module
C B : - ICE

Vss

PDR9: Port data register 9
PCR9: Port control register 9

\

=

PODR9:Port open-drain control register 9
PUCRO: Port pull-up control register 9

SDAO
SDAI

Note: Priority: SSU pin > [IC2 pin > P91
When the SSUS bit in PFCR is 1, the SSCK pin is

switched to the SSO pin.

FigureB.4(c) Port 9 Block Diagram (P91)
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SBY
< E— PUCR90 [+
e e
oo _|]
lo— PODR90 [+
PQOD
'_Cl:_ <1 PDRO0 |
Vss L}
+— PCR90 |~
1P -
-
p—1

Internal data bus

SsuU

SCS output control

SCS input control
SCS NMOS
open-drain output
control

SCS output

SCS input

11C2 bus module

Vss

PDR9: Port data register 9
PCR9: Port control register 9

A

=)

PODR9:Port open-drain control register 9
PUCRO: Port pull-up control register 9

ICE
SCLO
SCLI

Note: Priority: SSU pin > 1IC2 pin > P90
When the SSUS bit in PFCR is 1, the SCS pin is
switched to the SSI pin.

FigureB.4 (d) Port 9 Block Diagram (P90)
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Comparator
1 COMPm
[2]
>
e}
[0
=
©
PBn D =
€
g
=
A/D module.

A AMR3to
o< DEC Ke———— AMRO
[ ] » Vin

n=50r4 m=1o0r0

FigureB.5(a) Port B Block Diagram (PB5 or PB4)

PBn D > -

Internal data bus

A/D module

| . AMR3to
o< DEC Ke———— AMRO
[ ] » Vin

n=3or2

FigureB.5 (b) Port B Block Diagram (PB3 or PB2)
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PBn |:II

17) » |IRQn
D PMRBn |<+—

(2]
>3
Qo
PFCR =
(IRQnS1, |3
IRQNS0) |
N > £

i A/D module

DEC

w
T

PMRB: Port mode register B
PFCR: Pin function control register

n=1or0

FigureB.5(c) Port B Block Diagram (PB1 or PBO)
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B.2 Port Statesin Each Operating State

Sleep Active
(High-Speed/ (High-Speed/
Medium- Medium-
Port Reset Speed) Subsleep Standby Subactive Speed) Watch
P12 to P10 High Retained Retained High Functions  Functions Retained
impedance impedance*'**
P32 to P30 High Retained Retained High Functions  Functions Retained
impedance impedance*'*?
P84 to P82 High Retained Retained  High Functions  Functions Retained
impedance impedance* '**
P93 to P90 High Retained Retained High Functions  Functions Retained
impedance impedance*'**
PBS to High High High High High High High
PBO impedance impedance impedance impedance*' impedance impedance impedance

Notes: 1. Registers are retained and output level is high impedance.
2. High-level output when the pull-up MOS is turned on.
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B.3 Port 9 Related Register Settings and Pin Functions

TableB.1 Port 9 Related Register Settingsand Pin Functions

SSU Setting lc2 PFCR Setting Pin Functions
Setting IRQ1S1, |IRQOST,
SSUMS [BIDE [MSS TE RE ICE SSUS |IRQ1SO  [IRQOSO | P93 P92 P91 P90
0 * 0 0 1 0 0 Other then | Other SSlinput P92 1/0 | SSCK P90 I/0
(Clock (Slave) (Receive) | (lIC2 not 01 then 01 input
synchro- used) Other then | 01 SSlinput [IRQON  |SSCK | P90 110
nous) ) .
01 input input
1 Other then | Other P931/0 |SSCK P91 1/0 |SSlinput
01 then 01 input
01 Other IRQ1IN SSCK P91 1/0 |SSlinput
then 01 input input
1 0 0 0 Other then | Other P931/0 |SSO SSCK P90 I/0
(Transmit) (IC2 not 01 then 01 output input
used) 01 Other IRQIN  |SSO SSCK P90 /O
then 01 input output input
1 Other then | Other P93 1/0 |SSCK SSO P90 I/0
01 then 01 input output
01 Other IRQ1IN SSCK SSO P90 I/0
then 01 input input output
1 1 0 0 Other then | Other SSl input | SSO SSCK P90 I/0
(Transmit) | (Receive) [ (IIC2 not 01 then 01 output input
used) 1 Otherthen |Other  |P931O |SSCK  |SSO | SSIinput
01 then 01 input output
01 Other IRQIN | SSCK SSO SSl input
then 01 input input output
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SSU Setting PFCR Setting Pin Functions
1IC2 Setting IRQ1S1, |[IRQOS1,
SSUMS BIDE |[MSS TE RE ICE SSUS |IRQ1S0 IRQOSO | P93 P92 P91 P90
0 * 1 0 1 0 0 Other then | Other SSlinput [P921/0 | SSCK P90 I/0
(Clock (Master) (Receive) | (lIC2 not 01 then 01 output
synehro- used) Other then | 01 SSlinput [IRQON  |SSCK | P90 110
nous) 01 input output
1 Other then | Other P931/0 |SSCK P91 1/0 | SSlinput
01 then 01 output
01 Other IRQ1IN SSCK P91 1/0 | SSlinput
then 01 input output
1 0 0 0 Other then | Other P931/0 |SSO SSCK P90 I/0
(Transmit) (11C2 not 01 then 01 output output
used) ot Other  |IRQIN |SSO  [SSCK |P9o /O
then 01 input output output
1 Other then | Other P931/0 [SSCK SSO P90 I/0
01 then 01 output output
01 Other IRQIN [SSCK SSO P90 I/0
then 01 input output output
1 1 0 0 Other then | Other SSlinput | SSO SSCK P90 I/0
(Transmit) | (Receive) [ (IIC2 not 01 then 01 output output
used) 1 Other then | Other P931/0 |SSCK |SSO SSl input
01 then 01 output output
01 Other IRQ1IN SSCK SSO SSl input
then 01 input output output
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SSU Setting 1c2 PFCR Setting Pin Functions
Setting IRQ1S1, [IRQO0SH1,
SSUMS BIDE MSS TE RE ICE SSUS |IRQ1S0 |IRQOSO |P93 P92 P91 P90
1 (Four-line [0 0 0 1 0 0 Other Other P93 1/0 |SSO SSCK |SCS
bus commu- | (One-way) | (Slave) (Receive) | (IIC2 not then 01 then 01 input input input
nication) used) o1 other  |IRQIN [sso |ssck |scs
then 01 input input input input
1 Other Other SCS SSCK [SSO P90 I/0
then 01 then 01 input input input
1 0 0 0 Other Other SSI P921/0 |SSCK ([SCS
(Transmit) (lIC2 not then 01 then 01 output input input
used) Other |01 sSI |IRQON |ssck |scs
then 01 output |input input input
1 Other Other SCS SSCK [P911/0 |SSI
then 01 then 01 input input output
1 1 0 0 Other Other SSI SSO SSCK [SCs
(Transmit) | (Receive) |(lIC2 not then 01 then 01 output |input input input
used) | Other  |Other |SCS |ssck [sso |ssi
then 01 then 01 input input input output
1 0 1 0 0 Other Other SSI P921/0 |SSCK ([SCS
(Master) (Receive) |(lIC2 not then 01 then 01 input output | output
used) Other |01 ssl IRQON [SSCK |sCs
then 01 input input output | output
1 Other Other SCS SSCK |P911/O [SSI
then 01 then 01 output | output input
1 0 0 0 Other Other P93 1/0 | SSO SSCK [SCs
(Transmit) (lIC2 not then 01 then 01 output |output |output
used) o1 Other  |IRQIN |SSO |SScKk |scs
then 01 input output |output |output
1 Other Other SCS SSCK [SSO P90 I/0
then 01 then 01 output |output |output
1 1 0 0 Other Other SSI SSO SSCK [SCSs
(Transmit) | (Receive) |(lIC2 not then 01 then 01 input output |output |output
used) 1 Other  |Other |SCS |ssck [sso |ssi
then 01 then 01 output |output |[output [input
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SSU Setting lic2 PFCR Setting Pin Functions
Setting IRQ1S1, |IRQOST,
SSUMS BIDE MSS TE RE ICE SSUS [IRQ1S0 [IRQOSO | P93 P92 P91 P90
1 (Four-line |1 0 0 1 0 0 Other Other P93 1/0 [SSO SSCK |SCS
bus commu- | (Bidirec- (Slave) (Receive) | (IIC2 not then 01 then 01 input input input
nication) | tional) used) o1 other  |IRQIN [sso |ssck |scs
then 01 input input input input
1 Other Other SCS SSCK [SSO P90 I/0
then 01 then 01 input input input
1 0 0 0 Other Other P93 1/0 | SSO SSCK [SCS
(Transmit) (lIC2 not then 01 then 01 output |input input
used) ot Other  |IRQIN |SSO |SSCK |scCs
then 01 input output |input input
1 Other Other SCS SSCK [SSO P90 I/0
then 01 then 01 input input output
1 0 1 0 0 Other Other P93 1/0 | SSO SSCK [SCS
(Master) (Receive) | (IIC2 not then 01 then 01 input output | output
used) o1 Other  |IRQIN |SSO |SSCK |scCs
then 01 input input output | output
1 Other Other SCS SSCK [SSO P90 I/O
then 01 then 01 output |output |input
1 0 0 0 Other Other P93 1/0 | SSO SSCK [SCSs
(Transmit) (IIC2 not then 01 then 01 output |output |output
used) o1 other  |IRQIN [sso |ssck |scs
then 01 input output |output |output
1 Other Other SCS SSCK [SSO P90 I/O
then 01 then 01 output |output |output
0 0 0 0 0 1 * Other Other P93 1/0 [P921/0 |SDA I/O|SCL I/O
(SSU not (nez then 01 then 01
used) used) Other |01 P93 1/0 |IRQON |SDA /0 |SCL /0
then 01 input
01 Other IRQIN [P921/0 |SDA I/O|SCL I/O
then 01 input
01 01 IRQIN [IRQON |SDA I/O|SCL /O
input input
0 * Other Other P93 1/0 |P921/0 |P911/0 [ P90 I/O
(lIC2 not then 01 then 01
used) Other |01 P93 1/0 |IRQON |P911/0 | P90 1/0
then 01 input
01 Other IRQIN |P921/0 |P911/0 [P90 I/O
then 01 input
01 01 IRQIN [IRQON |P911/O |P90 I/O
input input
[Legend] *: Don't care.
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C. Product Part No. Lineup

Package
(Package
Product Classification Product Part No. Model Marking Code)
H8/38602R HB8/38602R Flash memory (10 MHz) HD64F38602RFT10  38602R10 32-pin QFN
Group version (TNP-32)

(4 MHz)  HD64F38602RFT4 38602R4
(10 MHz) HD64F38602RFH10  F38602RFH10  32-pin LQFP

(4MHz) HD64F38602RFH4  F38602RFH4  (32PBU-A)
Masked ROM version  HDG4338602RFT  38602R(***)  32-pin QFN
(TNP-32)
HD64338602RFH  38602R(***)  32-pin LQFP
(32P6U-A)
H8/38600R Masked ROM version ~ HDG4338600RFT  38600R(***)  32-pin QFN
(TNP-32)
HD64338600RFH  38600R(***)  32-pin LQFP
(32P6U-A)

[Legend]
(***): ROM code
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Package Dimensions

D.

The package dimensions that are shown in the Renesas Semiconductor Packages Data Book have

priority.
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Main Revisions and Additions in this Edition

Item

Page Revisions (See Manual for Details)

Section 1 Overview
1.1 Features

e Compact package

1

The description on the package, P-LQFP-32, is added.

Section 2 CPU
2.8.2 EEPMOV Instruction

36

Modified

EEPMOV is a block-transfer instruction and transfers
the byte size of data indicated by R4 or R4L, which
starts from the address indicated by R5, to the address
indicated by R6. Set R4, R4L, and R6 so that the end
address of the destination address (value of R6 + R4L
or R6 + R4) does not exceed H'FFFF (the value of R6
must not change from H'FFFF to H'0000 during
execution).

Section 3 Exception Handling
3.2 Reset

44

Modified
A reset has the highest exception priority.

There are three sources to generate a reset. Table 3.2
lists the reset sources.

Table 3.2 Reset Sources

44

Added

3.2.1 Reset Exception Handling

44

The description in this section is modified.

3.8.1 Notes on Stack Area Use

58

Modified

...... , s0 the stack pointer (SP: R7) should never
indicate an odd address. To save register values, use
PUSH.W Rn (MOV.W Rn, @-SP) or PUSH.L ERn
(MOV.L ERn, @—SP). To restore register values, use
POP.W Rn (MOV.W @SP+, Rn) or POP.L ERn
(MOV.L @SP+, ERn).

RENESAS
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Section 4 Clock Pulse Generators 67 Modified

4.2.4 On-Chip Oscillator Selection ... The input level on the E7_2 pin during a reset is

Method pulled up or down using a resistor according to the
selected oscillator, and fixed on exit from the reset
state.

When the on-chip oscillator is selected, a resonator no
longer needs to be connected to the OSC1 and OSC2
pins. In such a case, fix the OSC1 pin to GND or leave
it open, and leave the OSC2 pin open.

Note is added.
Notes:

2. When the on-chip debugger is connected, the value
of the resistor should be high. When not connected,
it is specified according to the selected oscillator.

Figure 4.5 Typical Connectionto 68 Modified
32.768-kHz/38.4-kHz Crystal

Frequency [Manufacturer Products Name | Equivalent Series Resistance

Resonator
38.4 kHz EPSON TOYOCOM CORPORATION C-4-TYPE 30 kQ (max.)

32.768 kHz |EPSON TOYOCOM CORPORATION | C-001R 35 kQ (max.)

C1=C2 =7pF (typ.)

Note: Consult with the crystal resonator manufacturer to determine the parameters.

4.3.1 Connecting 32.768- 68 Added

kHz/38.4-kHz Crystal Resonator 1. When the resonator other than ones listed above is
used, perform matching evaluation with the crystal
resonator manufacture and connect it under the
optimum condition. Even when the resonator listed
above or the equivalent is used, as the oscillation
characteristics depend on the board specification,
perform matching evaluation on the mounting board.

2. Perform matching evaluation in the reset state (the
RES pin is low) and on exit from the reset state (the
RES pin is driven from low to high).

4.4.1 Prescaler S 71 Deleted
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4.5.1 Note on Resonators and 72 Modified

Resonator Circuits Resonator characteristics are closely related to board
design. Therefore, resonators should be assigned after
being carefully evaluated by the user in the masked
ROM version and flash memory version, with referring
to the examples shown in this section.

4.5.3 Definition of Oscillation 74 The description in this section is modified.

Stabilization Wait Time

Figure 4.12 Oscillation 75 Modified

Stabilization Wait Time
Oscillation waveform /—‘WNWANV\MMANVW\/\MM/\/\/W\/\A/\/\/\/WV\/W\
(0SC2)
System clock (¢)

Osc\llgtion
‘\& - Wait time .
Standby mode,

Operating mode gf;’:):cfls: Oscillation stabilization wait time :cc:““/’: :::gg:ﬁ:s;g?d:o‘ge

4.5.5 Note on the Oscillation 76 The title modified

Stabilization of Resonators

4.5.6 Note on Using Power-On 76 Modified

Reset The power-on reset circuit in this LSI adjusts the reset
clear time by the capacitor capacitance, which is
externally connected to the RES pin. The external
capacitor capacitance should be adjusted to secure the
oscillation stabilization time before reset clearing. For
details, refer to section 19, Power-On Reset Circuit.

Section 5 Power-Down Modes 81 The note is modified.

5.1.3 Clock Halt Registers 1 and Notes:

2 (CKSTPR1 and CKSTPR2) 3 ‘

e CKSTPR2 WDON bit is cleared to 0 by software thls b|t is valid
and the watchdog timer enters module standby mode.

Table 5.3 Internal State in Each 86 The note is modified.

Operating Mode Notes:
6. Functions if the 32.768-kHz RTC is selected as an
internal clock. Halted and retained otherwise.
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5.2.2 Standby Mode 88 Modified

... However, as long as the rated voltage is supplied,
the contents of CPU registers-en-ehip-RAM; and some
on-chip peripheral module registers are retained. ...

Modified

... or the requested interrupt is disabled by the interrupt
enable bit.

When a reset source is generated in standby mode, the
system clock oscillator starts. If a reset is generated by
the RES pin, it must be kept low until the system clock
oscillator output stabilizes and the t,_, period has
elapsed. The CPU starts reset exception handling
when the RES pin is driven high.

5.2.3 Watch Mode 88 Modified

... or the requested interrupt is disabled by the interrupt
enable register.

When a reset source is generated in watch mode, the
system clock oscillator starts. If a reset is generated by
the RES pin, it must be kept low until the system clock
oscillator output stabilizes. The CPU starts reset
exception handling when the RES pin is driven high.

5.2.4 Subsleep Mode 89 Modified

... or the requested interrupt is disabled by the interrupt
enable register.

When a reset source is generated in subsleep mode,
the system clock oscillator starts. If a reset is generated
by the RES pin, it must be kept low until the system
clock oscillator output stabilizes. The CPU starts reset
exception handling when the RES pin is driven high.

5.2.5 Subactive Mode 89 Modified

... on the combination of bits SSBY, LSON, and TMA3
in SYSCR1 and bits MSON and DTON in SYSCR2.

When a reset source is generated in subactive mode,
the system clock oscillator starts. If a reset is generated
by the RES pin, it must be kept low until the system
clock oscillator output stabilizes and the t.., period has
elapsed. The CPU starts reset exception handling
when the RES pin is driven high.
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5.2.6 Active (Medium-Speed) 90
Mode

Modified

In active (medium-speed) mode, the clock set by the
MA1 and MAO bits in SYSCR1 is used as the system
clock, and the CPU and on-chip peripheral modules
function.

Active (medium-speed) mode is cleared by the SLEEP
instruction. When active (medium-speed) mode is
cleared, a transition to standby mode is made
depending on the combination of bits SSBY, LSON,
and TMAS in SYSCR1, a transition to watch mode is
made depending on the combination of bits SSBY and
TMAS in SYSCR1, or a transition to sleep mode is
made depending on the combination of bits SSBY and
LSON in SYSCR1. Moreover, a transition to active
(hlgh speed) mode or subactlve mode is made by a

When the RES pin goes low, the CPU goes into the
reset state and active (medium-sleep) mode is cleared.

5.3 Direct Transition 91

The description in this section is modified.

5.3.1 Direct Transition from Active 91
(High-Speed) Mode to Active
(Medium-Speed) Mode

Added

When a SLEEP instruction is executed in active (high-
speed) mode while the SSBY and LSON bits in
SYSCR1 are cleared to 0 and the MSON and DTON
bits in SYSCR2 are set to 1, a transition is made to
active (medium-speed) mode via sleep mode.

The time from the start of SLEEP instruction execution
to the end of interrupt exception handling (the direct
transition time) is calculated by equation (1).

Example: When ¢osc/8 is selected as the CPU
operating clock after the transition

Direct transition time = (2 + 1) x 1tosc + 14 x 8tosc =
115tosc

For the legend of symbols used above, refer to
section 21, Electrical Characteristics.
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5.3.2 Direct Transition from Active 92
(High-Speed) Mode to Subactive
Mode

Added

When a SLEEP instruction is executed in active (high-
speed) mode while the SSBY, TMAS, and LSON bits in
SYSCR1 are set to 1 and the DTON bit in SYSCR2 is
set to 1, a transition is made to subactive mode via
watch mode.

The time from the start of SLEEP instruction execution
to the end of interrupt exception handling (the direct
transition time) is calculated by equation (2).

Example: When ¢w/8 is selected as the subactive
operating clock after the transition

Direct transition time = (2 + 1) x 1tosc + 14 x 8tw =
3tosc + 112tw

For the legend of symbols used above, refer to
section 21, Electrical Characteristics.

5.3.3 Direct Transition from Active 92
(Medium-Speed) Mode to Active
(High-Speed) Mode

Added

When a SLEEP instruction is executed in active
(medium-speed) mode while the SSBY and LSON bits
in SYSCR1 are cleared to 0, the MSON bit in SYSCR2
is cleared to 0, and the DTON bit in SYSCR2 is set to
1, a transition is made to active (high-speed) mode via
sleep mode.

The time from the start of SLEEP instruction execution
to the end of interrupt exception handling (the direct
transition time) is calculated by equation (3).

Example: When ¢osc/8 is selected as the CPU
operating clock before the transition

Direct transition time = (2 + 1) x 8tosc + 14 x 1tosc =
38tosc

For the legend of symbols used above, refer to
section 21, Electrical Characteristics.
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5.3.4 Direct Transition from Active 93

(Medium-Speed) Mode to
Subactive Mode

Added

When a SLEEP instruction is executed in active
(medium-speed) mode while the SSBY, LSON, and
TMAZ3 bits in SYSCR1 are set to 1 and the DTON bit in
SYSCR2 is set to 1, a transition is made to subactive
mode via watch mode.

The time from the start of SLEEP instruction execution
to the end of interrupt exception handling (the direct
transition time) is calculated by equation (4).

Example: When ¢osc/8 and ¢w/8 are selected as the
CPU operating clock before and after the transition,
respectively

Direct transition time = (2 + 1) x 8tosc + 14 x 8tw =
24tosc + 112tw

For the legend of symbols used above, refer to
section 21, Electrical Characteristics.

5.3.5 Direct Transition from
Subactive Mode to Active (High-
Speed) Mode

93

Added and modified

When a SLEEP instruction is executed in subactive
mode while the SSBY and TMAS bits in SYSCR1 are
set to 1, the LSON bit in SYSCR1 is cleared to 0, the
MSON bit in SYSCR2 is cleared to 0, and the DTON bit
in SYSCR2 is set to 1, a transition is made directly to
active (high-speed) mode via watch mode after the
waiting time set in bits STS2 to STS0 in SYSCR1 has
elapsed.

The time from the start of SLEEP instruction execution
to the end of interrupt exception handling (the direct
transition time) is calculated by equation (5).

Direct transition time = {(Number of SLEEP instruction
execution states) + (Number of internal processing
states)} x (tsubcyc before transition) + (Wait time set in
bits STS2 to STS0) + (Number of interrupt exception
handling execution states) x (tcyc after transition).....(5)

Example: When ¢w/8 is selected as the CPU
operating clock after the transition and wait time =
8192 states

Direct transition time = (2 + 1) x 8tw + (8192 + 14)
x1tosc = 24tw + 8206tosc

For the legend of symbols used above, refer to
section 21, Electrical Characteristics.
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5.3.6 Direct Transition from 94
Subactive Mode to Active
(Medium-Speed) Mode

Added

When a SLEEP instruction is executed in subactive
mode while the SSBY and TMA3 bits in SYSCR1 are
set to 1, the LSON bit in SYSCR1 is cleared to 0, and
the MSON and DTON bits in SYSCR2 are setto 1, a
transition is made directly to active (medium-speed)
mode via watch mode after the waiting time set in bits
STS2 to STSO0 in SYSCR1 has elapsed.

The time from the start of SLEEP instruction execution
to the end of interrupt exception handling (the direct
transition time) is calculated by equation (6).

Example: When ¢w/8 and ¢osc/8 are selected as the
CPU operating clock before and after the transition,
respectively, and wait time = 8192 states

Direct transition time = (2 + 1) x 8tw + 8192 x 1tosc +
14 x 8tosc = 24tw + 8304tosc

For the legend of symbols used above, refer to
section 21, Electrical Characteristics.

Section 6 ROM 117

6.7 Notes on Setting Module
Standby Mode

Modified

... Then the flash memory should be set to enter the
module standby mode.

If an interrupt is generated in module standby mode,
the vector address cannot be fetched. As a result, the
program may run away.

Section 8 I/0 Ports 122
8.1.5 Pin Functions

e P10/AEVH/FTIOA/TMOW/CL
KOUT pin

Added

Note: * Switching the clock (dyes Posc/2, OF §oe/4) fOr
CLKOUT output must be performed when
CLKOUT output is halted (CLKOUT = 0).
When making a transition to a power-down
mode wherein the system clock oscillator is
halted, the output level is retained. (In standby
mode, output is the high-impedance state.)
When making a transition from a power-down
mode wherein the system clock oscillator is
halted, to the active mode wherein the system
clock oscillator operates, halt CLKOUT output
(CLKOUT = 0) before the transition.

8.7.2 Input Characteristics 124
Difference due to Pin Function

This section is newly added.
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Section 9 Timer B1 148

Figure 9.2 Timer B1 Initial Setting
Flow

Modified

Cancel the module standby mode of timer B1

*1 \

Set counter function with bit TMB17
in TMB1 and counter clock with bits
TMB12 to TMB10 in TMB1
(bit TMB16 must be cleared to 0
when writing to these bits)

/\/\/\/

Section 11 Realtime Clock (RTC) 193
11.3.7 Clock Source Select

Modified

Bit Bit Name Description

Register (RTCCSR) 3 RGs:  Coksomesaemimn T
2 RCS2 0000: ¢f8:+++eereneeene Free running counter operation
1 RCS1 ) .
0 RCSO 0001: ¢p/32:wmemeereerens Free running counter operation
0010: ¢p/128:-+-eeveeve Free running counter operation
0011: ¢p/256:-w-ereenee Free running counter operation
0100: ¢p/512:+eereveeee Free running counter operation
0101: ¢/2048-------- Free running counter operation
0110: ¢p/4096:+-+-+-+-- Free running counter operation
0111: ¢p/8192:++wvvvene Free running counter operation
1000: ¢, f4:eeeeeeeceees RTC operation
1001 to 1111: Setting prohibited
11.4.1 Initial Settings of Registers 196  Modified

after Power-On

The RTC registers that store second, minute, hour, and
day-of-week data, control registers, and interrupt
registers are not reset by a RES input, or by a reset
source caused by a watchdog timer.

11.5 Interrupt Sources 198

Modified

... When using an interrupt, set the IENRTC (RTC
interrupt request enable) bit in IENR1 to 1 last after
other registers are set.

11.6.2 Note when Using RTC 199  Added
Interrupts
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Section 12 Watchdog Timer 203 Added

12.2.1 Timer Control/Status Bit Bit Name Description
Register WD1 (TCSRWD1)

0 WRST Watchdog Timer Reset

Indicates whether a reset caused by the watchdog
timer is generated. This bit is not cleared by a reset
caused by the watchdog timer.

[Setting condition]

When TCWD overflows and an internal reset signal
is generated

12.3.1 Watchdog Timer Mode 208  Modified

... When a clock pulse is input after the TCWD count
value has reached H'FF, the watchdog timer overflows
and an internal reset signal is generated. The internal
reset signal is output for a period of 512 clock cycles by
the on-chip oscillator (R).

Figure 12.2 Example of Watchdog 208  Modified
Timer Operation

TCWD overflow

HIFF === mmmm s oo oo e T T s
HF 1+
TCWD
count value
H'00
H'F1 written H'F1 written to TCWD Reset generated
to TCWD
Internal reset
signal

>
512 clock cycles by Ry,

Figure 12.3 Interval Timer Mode 209  Modified
Operation

TCWD
count value

H'00

WT/T =1 Interval timer Interval timer Interval timer Interval timer Interval timer
interrupt interrupt interrupt interrupt interrupt

ted

request request generated request request request g

12.5.3 Clearing the WT/IT or 210  Added
IEOVF Bitin TCSRWD2 to 0

Table 12.1 Assembly Program for 211 Added
Clearing WT/IT or IEOVF Bit to 0
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Table 12.2 The Value of "xx" 211 Added
Section 13 Asynchronous Event 222  Modified

Counter (AEC)
13.3.6 Event Counter H (ECH)

Bit Bit Name Description

7 ECH7 Either the external asynchronous event AEVH pin,
6 ECH6 /2, ¢/4, or ¢/8, or the overflow signal from lower 8-
5 ECH5 bit counter ECL can be selected as the input clock
4 ECH4 source. ECH can be cleared to H'00 when the
CRCH bit in ECCSR is cleared to 0.

3 ECH3

2 ECH2

1 ECH1

0 ECHO

18.3.7 Event Counter L (ECL) 222  Modified

Bit Bit Name Description

ECL7
ECL6
ECL5
ECL4

Either the external asynchronous event AEVL pin,
/2, $/4, or ¢/8 can be selected as the input clock
source. ECL can be cleared to H'00 when the
CRCL bit in ECCSR is cleared to 0.

ECL3
ECL2
1 ECL1
0 ECLO

N W A~ oo N

Section 14 Serial Communication 231
Interface 3 (SCI3, IrDA)

Deleted

The serial communication interface 3 (SCI3) can handle
both asynchronous and clock synchronous serial
communication. In the asynchronous method, serial
data communication can be carried out using standard
asynchronous communication chips such as a Universal
Asynchronous Receiver/Transmitter (UART) or an
Asynchronous Communication Interface Adapter

14.3.5 Serial Mode Register 235 Modified
(SMR) Bit  Bit Name Description
2 MP 5-Bit CommunicationWhen this bit is set to 1, the
5-bit communication format is enabled. Make sure
to set bit 5 (PF) to 1 when setting this bit (MP) to 1.
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14.3.6 Serial Control Register 237  Bit 3is reserved.

(SCR)
14.3.7 Serial Status Register 240 Deleted
(SSR) SSR consists of status flags of the SCI3-ane-

¢. 1 cannot be written to
flags TDRE RDRF OER PER, and FER,; they can only
be cleared.

240 Bits 1 and O are reserved.

14.3.10 IrDA Control Register 252  Modified
(IrCR)

Bit Bit Name Description

7 IrE IrDA EnableSelects whether the SCI3 I/O pins
function as the SCI3 or IrDA.0: TXD3/IrTXD and
RXD3/IrRXD pins function as TXD3 and RXD31:
TXD3/IrTXD and RXD3/IrRXD pins function as
IrTXD and IrRXD

14.3.11 Serial Extended Mode 253 Added
Register (SEMR)

Bit Bit Name Description

3 ABCS Asynchronous Mode Basic Clock Select

Selects the basic clock for the bit period in
asynchronous mode.

This setting is enabled only in asynchronous mode
(COM bit in SMR3 is 0).

0: Operates on a basic clock with a frequency of
16 times the transfer rate

1: Operates on a basic clock with a frequency of
eight times the transfer rate

Clear the ABCS bit to 0, when the IrDA function is
enabled.

Table 14.8 Data Transfer Formats 255  The formats are modified.
(Asynchronous Mode)

Table 14.9 SMR Settings and 256  The settings are modified.
Corresponding Data Transfer
Formats
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Figure 14.4 Sample SCI3 258  Modified
Initialization Flowchart
\—/—\
Wait
1-bit interv [[4] Wait at least one bit interval, then set the
TE bit or RE bit in SCR to 1. Setting bits
Yes TE and RE enables the TXD3 and RXD3
pins to be used. Also set the RIE, TIE,
| Set SPC3 bit in SPCR to 1 | and TEIE bits, depending on whether
I interrupts are required. In asynchronous
Set TE and RE bits in mode, the bits are marked at
SCRto 1, and set RIE, TIE 4] transmission and idled at reception to
and TE‘IE bits. wait for the start bit.
<Initialization completion>
Figure 14.6 Sample Serial 260  Modified
Transmission Flowchart
_
(Asynchronous Mode)
(3]
[8] To output a break in serial transmission,
| Clear PDR to 0 and set PCR to 1 | after setting PCR to 1 and PDR to 0,
‘ clear the SPC3 bit in SPCR and the TE
bitin SCR to 0.
\ Clear SPC3 bit in SPCR and |
TE bitin SCR to 0* Note: * When the SPC3 bit in SPCR is cleared to 0,
E‘ the pin functions as an I/O port.
<End>
14.5 Operation in Clock 264  Deleted
Synchronous Mode ... After 8-bit data is output, the transmission line holds
the MSB state. In clock synchronous mode, no parity e+
multipreeesseor bit is added.
14.6 Multiprocessor 270  This section is deleted.

Communication Function
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14.8.2 Mark State and Break
Sending

277

Modified

When the SPC3 bit in SPCR is 0, the TXD3 pin
functions as an I/O port whose direction (input or
output) and level are determined by PCR and PDR,
regardless of the TE setting. This can be used to set the
TXD3 pin to the mark state (high level) or send a break
during data transmission. To maintain the
communication line at the mark state until the SPC3 bit
in SPCR is set to 1, set both PCR and PDR to 1. As the
SPC3 bit in SPCR is cleared to 0 at this point, the TXD3
pin functions as an I/O port, and 1 is output from the
TXD3 pin. To send a break during data transmission,
first set PCR to 1 and PDR to 0, and then clear the
SPC3 and TE bits to 0. When the TE bit is cleared to 0
directly after the SPC3 bit is cleared to 0, the transmitter
is initialized regardless of the current transmission state
after the TE bit is cleared, the TXD3 pin functions as an
I/O port after the SPCS3 bit is cleared, and 0 is output
from the TXDS3 pin.

Section 16 12C Bus Interface 2
(nca)

16.3.5 I°C Bus Status Register
(ICSR)

323

Modified

Bit Bit Name Description

3 STOP Stop Condition Detection Flag[Setting
conditions]
e In master mode, when a stop condition
is detected after the completion of

frame transfer

e In slave mode, when a stop condition is
detected, after the slave address of the
first byte, following the general call and
the detection of the start condition,

matches the address set in SAR
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Figure 16.15 Receive Mode 339  Modified
Operation Timing

SCL 7 8 1 2
(Ii?)jt) X Bit 6 X Bit 7 X Bit 0 X Bit 1 X
MST
TRS
RDRF . | |
/A
ICDRS Data 2 . Data 3
/ )
ICDRR | Data 1 X Dfta 2
User [3]Read ICDRR
processing
Section 17 A/D Converter 350  Modified
17.3.1 A/D Result Register ADRR is a 16-bit read-only register that stores the
(ADRR) results of A/D conversion. The data is stored in the
upper 10 bits of ADRR. ADRR can be read by the CPU
at any time, ...
17.7.3 Usage Notes 360 Deleted

3. When A/D conversion is started after clearing module
standby mode, wait for 10¢ clock cycles before
starting A/D conversion.
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Section 18 Comparators 368  Modified

18.5 Usage Notes 4. If the LSI enters the seftware-standby mode or watch
mode when a comparator is operating, the internal
operation of the comparator is maintained. Since the
comparator operates even in seftware-standby mode
or watch mode, it returns to the same mode after the
specified interrupt is canceled, though the current for
the comparator is consumed.

If a comparator is not required to return to the
seftware-standby mode or watch mode when an
interrupt is canceled and the current consumption
needs to be reduced, stop the comparator by clearing
the CMEO and CME1 bits in CMCRO and CMCR1 to
0 before shifting the mode.

Section 19 Power-On Reset 370  Modified

Circuit The operation timing of the power-on reset circuit is

19.2.1 Power-On Reset Circuit shown in figure 19.2. As the power supply voltage rises,
the capacitor, which is externally connected to the RES
pin, is gradually charged through the on-chip pull-up
resistor (Rp).

Section 21 Electrical 411 Modified
Characteristics Item Symbol Applicable Test Condition Values
Table 21.3 Control Signal Timing ' i
Pins Min. Typ. Max.
Oscill  trc 0OSC1,08C2 Ceramic resonator - 20 45
ation (Vee=22V1t036V)
stabili Ceramic resonator - 80 -

zation (Other than above)
time
Crystal resonator — 300 800

(V. =27V103.6V)

Crystal resonator — 600 1000
(Vee=22V1t036V)
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Table 21.14 Control Signal Timing 425  Modified

Item Symbol Applicable Test Condition Values
Pins Min. Typ. Max.
Oscill trc OSC1,0SC2 Ceramic resonator(VCC — 20 45
ation =22Vto3.6V)
stabili Ceramic — 80 —
zation resonator(Other than
time
above)
Crystal resonator(VCC = — 300 800
27V103.6V)
Crystal resonator(VCC = — 600 1000
22V103.6V)
Appendix 447  Modified
A.1 Instruction List Adorossing iode and No.of
Instruction Length (bytes) States*
2. Arithmetic Instructions :

Mnemonic Operation

ERN/@ERN

| @aa

Advanced

@ | Operand Size
| @
| @d.Po)
| @@aa

2|2 Rd8 decimal adjust =TT 2 2

> Rd8

C. Product Part No. Lineup 491 The list is modified.
D. Package Dimensions 492  Added

Figure D.2 Package Dimensions

(32P6U-A)
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I ndex

A Boot program............ccecevverveeieeirennennn 104
A/D CONVETLET ..., 349 Erasing a blocK........ccccoevvrenecncnnnnnn 100
Addressing modes..........ccceeveieieierinnnnn. 27 Erasing/erasing-verifying.................... 112
Absolute address..........cccceevivveeiriveneann. 28 Error protection..........ccccecceveeeecnnnenne 114
Immediate .........ccoovvvevivveiiieiieeeieenn 29 Hardware protection.............cccceeeeee. 114
Memory indirect ..........ceevevivveeerienenane. 29 On-board programming modes............ 104
Program-counter relative ...................... 29 Power-down states ..........ccccccveeeveeneen. 115
Register direCt........ovvvvvveeierererererennnnn, 28 Programming units............c.ceccoeeueuenene 100
Register indirect.........cooovveevreverennennane. 28 Programming/erasure in user program
Register indirect with displacement...... 28 MOAC....eeuiiiiiiieiietee e 108
Register indirect with post-increment... 28 Programming/programming-verifying 109
Register indirect with pre-decrement.... 28 Software protection...........cccceeeerueennen. 114
Asynchronous event counter (AEC)....... 213
16-bit counter operation...................... 223
8-bit counter operation........................ 224 G
Event counter PWM operation ........... 225 General Te@iSters ...........oveveveruereeceerereennn. 10
C I
Clock pulse generators.............c.ocuevecenees 63 T/O POILS e 119
System clock oscillator............cccoceeeee. 66 I°C bus format .............cooveeeveeeeereeennan, 328
ComPAratorS.........cceeeeveierrenreereeeeereenens 361 IC bus interface 2 (IIC2).....cccoovveuern., 311
Hysteresis characteristics.................. 366 Acknowledge .........ccoveiririeininene 328
Condition field.........ccoeveeeroeriiieiee 26 Bit synchronous circuit ....................... 346
Condition-code register (CCR) ................. 11 Clocked synchronoug serial format..... 337
CPU e 7 NOISE CANCELET ..ol 340
Slave address.........ccccveveeeieeieneenieennne 328
Start condition.........ccceceeeerierieenieennen. 328
E Stop condition .........ccceeeeeininiriririnnns 328
Effective address.........ccooveveveeveveeeeererenan. 30 Transfer rate........cccocoevviiiiiiinnnnn, 316
Effective address extension ..........ceee........ 26 Instruction Set..........coevveeeeecieiceiiieceiee, 16
Exception handling ...........cccevevieirenenene 41 Arithmetic operations instructions........ 18
Bit manipulation instructions................ 21
Block data transfer instructions............. 25
F Branch instructions ..........ccccceeeeeeeenene. 23
Flash Memory ........c.cocoeveveveveveveverereneeennn. 99 Data transfer instructions ..................... 17
Boot MOde......ccoveviriiieieiiieieeeine 105 Logic operations instructions................. 20
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Shift inStructions...........coevveeeevvveeevnennne 20 ADRR ......ccvvvieinn, 350, 374, 378, 382
System control instructions................... 24 ADSR.....oovviiiiiii, 352,374, 378, 382
Interrupt mask bit (I).......cccoeevevveriieiienns 11 AEGSR.......cccoevvveen. 218, 374, 378, 381
IEDA .. 271 AMR ..., 351,374, 378, 382
BRR ..ot 243,374, 378, 382
CKSTPRI1 ......ccuvvee 81,375,379, 383
L CKSTPR2 .......uvvee. 81,375,379, 383
Large current port.........ccceeevvevenereenene 119 CMCR ..o, 362,373, 377, 381
Large Current POrtS........oeeeveeveverererereeennn. 1 CMDR......coooviiin. 364,373,377, 381
EBRI..covvveeeiii. 103, 372, 376, 380
ECCR...ovvveeeeii 219, 374, 378, 381
M ECCSR.....oovvevvv. 220, 374, 378, 381
Memory map .....ccceveeeeeeeeciiiiieee e 8 ECH oo 222,374, 378, 381
ry map
10) 222,374, 378, 381
ECPWCR........cccuu.... 216,374,377, 381
ECPWDR.................... 217,374,377, 381
o . FENR ....oovvvivin. 104, 372, 376, 380
Operation field..........ccocveeeeeeriirieeee 26 FLMCRI .. 101, 372, 376, 380
FLMCR2........ccceuu.... 102, 372, 376, 380
FLPWCR .................... 103, 372, 376, 380
p <) T N 165,373, 377, 381
Package.......ccocvevieiieieieeceee e 2 GRB oo 165,373,377, 381
Pin assignment..........ccoccveeveerieecreeeeneenenenne 3 GRC oo 165,373,377, 381
Power-down modes .........cccceeevvveeeiennnennn. 77 GRD.ooooooo 165,373,377, 381
Power-Down Modes ICCRI coooov. 314,372, 376, 380
Module standby function...................... 96 ICCR2 oo 317, 372, 376, 380
Sleep MOde ......covveeeieiieiieieee e 87 ICDRR oo 327,372, 376, 380
Standby mode ..., 88 106101 35T 327
Subactive mode ........c..ooeevveeveeineeeeennnnn. 89 ICDRT oo 326, 372, 376, 380
Subsleep mode........ccoecvevverieerierienenne. 89 ICIER oo 321, 372, 376, 380
Power-on reset Circuit............ccocveeennee... 369 ICMR oo 319, 372, 376, 380
Program counter (PC)......ccccoevvevvenerenne 11 ICSR oo 323,372, 376, 380
IEGR...ooeeiiii, 47,375,379, 383
IENR ..o, 48,375,379, 383
R TECR oo 252,374, 378, 382
Realtime clock (RTC).....ccceeevvvevererennnee. 185 IRR oo, 50, 375, 379, 383
Data reading procedure....................... 197 OSCCR....coveveereetrenn, 64, 375, 379, 383
Initial setting procedure...................... 196 PCRI..cooeriieireenen, 120, 375, 379, 382
Register field .......ccceeevevienieiieeeeee 26 PCR3...ccieeeeeeeene 125, 375, 379, 382
Registers PCRS8.....ovvveeeevi 129, 375, 379, 382
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PCRO.....cceii 133,375, 379, 382 SYSCR2.....ccoovvviinn. 80, 375, 379, 383

PDRI ..o 120, 375, 378, 382 TCBI...ccooviiiiiin, 147,373, 376, 380
PDR3 ... 125, 375, 378, 382 TCNT ..o 164,373,377, 381
PDRE ..., 129, 375, 378, 382 TCRW....ccoviiin, 158,373,377, 381
PDRO ..o, 133,375,378, 382 TCSRWDI.................. 203,374, 378, 382
PDRB.......cccovvviiinnn. 138,375, 378, 382 TCSRWD2.................. 205, 374, 378, 382
PFCR .....cccoovviiin, 143,373, 376, 380 TCWD....cocooviiin. 206, 374, 378, 382
PMRI.....coviiiinn. 121, 375, 378, 382 TDR ..o 234,374,378, 382
PMR3.....coiiiiin, 126, 375, 378, 382 TIERW ..., 159,373,377, 381
PMRB......cccoveinn. 139, 375, 378, 382 TIORO ......oeicnne 161, 373,377, 381
PODRO .....ccovcuvinn. 134,373, 376, 380 TIORI ..o 163,373,377, 381
PUCRI....cccoviin. 121, 375, 378, 382 TLBI .o 147
PUCR3.....ccoiiin. 126, 375, 379, 382 TMBI ..o 146, 373, 376, 380
PUCRS.....ccoovicin. 130, 373, 376, 380 TMRW ..o 157,373,377, 381
PUCRO....cccvviiin 134, 373, 376, 380 TMWD....ccvicin 207,374,378, 382
RDR...cooiiiicie 234,374,378, 382 TSR o 234
RHRDR .......cccceueue. 189, 372, 376, 380 TSRW ..o 160, 373, 377, 381
RMINDR .................. 188, 372, 376, 380

RSECDR.........ccccoece. 187,372,376, 380

RSR ..o 234 S

RTCCRI .....coevuennee. 191, 372, 376, 380 Serial communication interface 3 (SCI3)
RTCCR2..oooviinn. 192,372, 376, 380 Asynchronous mode..........ccccoccrveeueeneee 253
RTCCSR ..o, 193,372, 376, 380 Bit rate......cccooveuiinicieinicceeceee 243
RTCFLG..oovoiriiinns 194,372, 376, 380 Break.......ccccooviiiniciicccee 277
RWKDR ..o 190, 372, 376, 380 Clocked synchronous mode................. 265
SAR oo 326, 372, 376, 380 Framing error .......ccccevevvevveevenvenicncnnne 261
SCRu s 237,374, 378, 382 Mark State ........cceceeeeeeerienineneneeeeneee 277
SEMR ..o, 253,374, 378, 382 OVEITUN EITOT ....ovenvieiiieeeeieienieeieneee 261
SMR oo, 235,374, 378, 382 Parity error.......ccceeevevecveniineniieeenee 261
SPCR oo 142,251, 374, 378, 381 Stack pointer (SP) .......cccoccvveioincciinnnn. 11
SSCRH .....ccccevinnne 285,373,377, 381 Synchronous serial communication unit
SSCRL oo, 287,373,377, 381 (SSU) oo, 283
SSER ...cvviiiiiiiins 290, 373, 377, 381 Clock POlarity...........coovvervverveerreenea. 294
SSMR ....cccoviiiinn. 289, 373,377, 381 Clocked synchronous communication
SSR o 240, 374, 378, 382 MOdE.....oiiiiiiiiiiiiicic 297
SSRDR oo 293,373,377, 381 Communication mode.............cccocc.eee. 296
SSSR. s 291,373, 377, 381 Transfer clock ........ccccoiiiiiiinnnne 293
SSTDR....ccocevcinnne 293,373,377, 381

SSTRSR ..ot 293

SYSCRI ....coocuvianne 78,375,379, 383
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Timer Bl ..o 145
Auto-reload timer operation ............... 150
Interval timer operation....................... 150

TIMEr W i 153
PWM operation ........ccceeevveeeveenveennnenne 170

\%
Vector address.......vvveeeeevveceeeeeeeiiiiieneeen. 42
\\%
Watchdog timer..........cccceeeeevvervenieeeen. 201
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