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Notes regarding these materials

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

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

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

4. 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)

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

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

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

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

(1) artificial life support devices or systems

(2) surgical implantations

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

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

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

10. Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and
injury or damage caused by fire in the event of the failure of a Renesas product, such as safety design for
hardware and software including but not limited to redundancy, fire control and malfunction prevention,
appropriate treatment for aging degradation or any other applicable measures. Among others, since the
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or
system manufactured by you.

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

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

13. Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.
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General Precautions on 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 as test pins or to reduce noise. If something is connected to the NC pins, the
operation of the LSI is not guaranteed.

2. Treatment of Unused Input Pins

Note:

Fix all unused input pins to high or low level.

Generally, the input pins of CMOS products are high-impedance input pins. If unused pins
are in 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 internal circuits are undefined until full power is supplied throughout the
chip and a low level is input 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 while it is in this
undefined state. For those products which have a reset function, reset the LSI immediately
after the power supply has been turned on.

4. Prohibition of Access to 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:

1. General Precautions on Handling of Product
2. Configuration of This Manual

3. Preface

4. Contents

5. Overview

6.

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

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

i) Feature

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

v) Usage Note

When designing an application system that includes this LSI, 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 Additions in this Edition (only for revised versions)

The list of revisions is a summary of points that have been revised or added to earlier versions.
This does not include all of the revised contents. For details, see the actual locations in this
manual.

11. Index
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Preface

H8/38099 Group is single-chip microcontrollers 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 H8/38099 Group in the
design of application systems. Target users are expected to understand the
fundamentals of electrical circuits, logical circuits, and microcontrollers.

Objective: This manual was written to explain the hardware functions and electrical
characteristics of the H8/38099 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:

e In order to understand the overall functions of the chip
Read the manual according to the contents. This manual can be roughly categorized into parts
on the CPU, system control functions, peripheral functions, and electrical characteristics.
e In order to understand the details of the CPU's functions
Read the H8/300H Series Software Manual.
e In order to understand the details of a register 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 24,
List of Registers.

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

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

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

When using an on-chip emulator (E8) for H8/38099 program development and debugging, the
following restrictions must be noted.

1. The NMI pin is reserved for the E8, and cannot be used.

8.

Pins P16, P36, and P37 cannot be used. In order to use these pins, additional hardware must be
provided on the user board.

Area H'020000 to H'0O20FFF must on no account be accessed.

. Area H'FFA000 to HFFA7FF must on no account be accessed.

When the ES8 is used, address breaks can be set as either available to the user or for use by the
ES. If address breaks are set as being used by the E8, the address break control registers must
not be accessed.

When the E8 is used, NMI is an input pin, P16 and P36 are input pins, and P37 is an output
pin.

When on-board programming/erasing is performed in boot mode, the SCI3_1 (P41/RXD and
P42/TXD) is used.

When using the ES8, set the FROMCKSTP bit in clock halt register 1 to 1.

Related Manuals:  The latest versions of all related manuals are available from our web site.

Please ensure you have the latest versions of all documents you require
(http://www.renesas.com/)

H8/38099 Group manuals:

Document Title Document No.
H8/38099 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

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

User's Manual
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Application notes:

Document Title Document No.

H8S, H8/300 Series C/C++ Compiler Package Application Note REJ0O5B0464

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

Section 1 Overview

11 Features

e High-speed H8/300H central processing unit with an internal 16-bit architecture
Upward-compatible with H8/300 CPU on an object 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)
LCD controller/driver
Timer C
Timer F
Timer G
16-bit timer pulse unit (TPU)
14-bit PWM
Watchdog timer
SCI (Asynchronous or clock synchronous serial communications interface)

I’C bus interface (conforms to the I’C bus interface format that is advocated by Philips
Electronics)

10-bit A/D converter
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Section 1 Overview

¢ On-chip memory

Product Classification Model ROM RAM

Flash memory version H8/38099F HD64F38099 128 Kbytes 4 Kbytes

(F-ZTAT™ version)

Masked ROM version H8/38099 HD64338099 128 Kbytes 4 Kbytes
H8/38098 HD64338098 96 Kbytes 2 Kbytes

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

e General I/O ports

I/O pins: 75 1/O pins, including 4 large current ports (I, = 15 mA, @V, =1.0V)

Input-only pins: 8 input pins
e Supports various power-down states

e Compact package

Package Code Body Size Pin Pitch

Remarks

P-LQFP-100 PLQP100KB-A 14 X 14 mm 0.5 mm
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Section 1 Overview

1.2

Internal Block Diagram

X1 ——

X2
0OsC1

Subclock pulse generator |

0SC2 | System clock pulse generator |

On-chip oscillator
for system clock

H8/300H CPU

~<—— TEST/ADTRG
«—— NMI*2

pronevs s poseons
P12TIOCATHOLKA ~—— ROM RAM ~— P82/SEGZ7
- @
P13/TIOCB1/TCLKB <~—| & < [ ggiggggg
P14/TIOCA2/TCLKC «—| & gl—Fr8 o
P1STIOCE? o <~ P85/SEG30
*1x2 Power-on reset circuit Watchdog timer P86/SEG31
PI6/SCKa" =] | 9 P87/SEG32
— PCO/SEG33
P30/SCK32/TMOW/CLKOUT ~— [~ PC1/SEG34
P31/RXD32/SDA ~—>| ) ) ) o [ PC2/SEGS35
P32/TXD32/SCL <—| = Realtime Clock Timer pulse unit ~ |+— PC3/SEG36
PasiS 2| & & [ Powsecar
P37/S04*%2_, > PC5/SEG38
Aemch ~— PC6/SEG39
—] synchronous . ——d<—> PC7/SEG40
IRQAEC event counter Timer C
P90/PWM1
P40/SCK31/TMIF «——»| < o PO1/PWM2
P41/RXD31/IrRXD/TMOFL «—»| § £ o2/ TROSIPWME
P42/TXD31/IrTXD/TMOFH <«—»| & Timer F Timer G a P93/PWM4
P50/WKPO/SEGT ~—» _
P51/WKP1/SEG2 ~—» Bl e PAO/COM1
ggmgggggi — . 14-bit PWM1 14-bit PWM2 s [ Eﬁ;jggmg
— i = o
P54/WKP4/SEG5 ~—~| & | © |« Pasicoms
ﬁggm—ﬁggggs —— <« PBO/ANO/RQO
Pa7 WKET/SEGE 14-bit PWM3 14-bit PWM4 <~ PB1/AN1/RQI
<~ PB2/AN2/IRQ3
vi —35 T |~ PB3/AN3
V2 — 3= § |~ PB4AN4
V3 — 2o LCD controller/ b ~— PB5/AN5
c1 8 2 driver 10-bit A/D converter PBE/ANG
c2 —|3 ~— PB7/AN7
P60/SEGY <—»—1 ——<~—» PE0/SCK33(RQ3)
P61/SEG10 <~— <~ PE1/RXD33
P62/SEGTT <—>| 12C bus interface SCI3_1/IrDA w [ PE2/TXD33
P63/SEG12 <—»| © Y |~ PE3(sck32RQT)
P64/SEG13 ~—| S S |+ PE4(RXD32)
P65;SEG14 -~ ~— PE5(/TXD32)
P66/SEG15 ~—] «~— PE6/UD
P67/SEG16 SCi3_2 SCI3_3 | l~— PE7TMIC(TRQD)
P70/SEG17 <—»[—— —
P71/SEG18 <~—» u [ PFOTMIG
P72/SEG19 ~—] |~ PF1(SCK31/RQ4)
P73/SEG20 <—| = SCl4#1 Address break £ [+ PF2(RXD31/IrRXD)
P74/SEG21 g |« PF3(/TXD31/ITXD)
a
P75/SEG22 ~—]
P76/SEG23 ~—]
P77/SEG24 D : Large current port (15 mA)

Notes: 1. The SCI4 pins, such as SCK4, Sl4, and SO4, are supported only by the F-ZTAT version.

2.The SCK4, Sl4, SO4, and NMI pins are not available when the E8 or on-chip

emulator debugger is used. These pins are not available as ports.

Figure1.1 Internal Block Diagram of H8/38099 Group
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Section 1 Overview

Pin Assignment

1.3

5
17}
o
o
Qo
>
w )
s S
= B00:-988588333582888
5 5333300000000 088004d0
@ £2000CQQQDRLLLLDBLDD DD
Saroac23x2538833803588333%
o 0OO0O>>>no0o00000o0o00o0o0o0o0o0n0o o
00000000000 00000000000000
7 = —
T4ONL/aXEI/LEaXY/ L vd _n_mm FITSLITISSBBLEBIBHOBAEN 8 h seoasiosd
HAOWL/AXLII/LeaxL/erd [es 2 [J veo3s/LLd
OINL/O4d [CJes &2 [J €2938/92d
(FOUI/LENOS/) 1 dd [t z [J 2293s/sLd
(axg41/1eaxy/)edd s 12| +293s/vLd
(axpui/reaxt)edd fos o2 [0 0293s/eLd
(e0dINEENDS/03d [ L5 s.[0 6+93S/22d
€eaxyd/L3d []ss o [0 8+93S/1Ld
€eaXL/ead []es 1[0 2+93s/0Ld
(Lodl/zexos/)ead ] < o[0 9+935/29d
(ceaxd/vad e b at|J $+D3IS/99d
(zeax1)s3d = S 3 p |0 v+93S/59d
an/9ad [fee Q W el|J €193S/49d
(ooY1NoINL/23d ] g ° 2|0 2ro3s/ead
DY1av/1saL [ g- [ +ro3s/zad
SSAV/SSA [ o o[ o1o3s/19d
INV/.8d ]2 6|7 693S/09d
9NV/98d []89 8| 893S/LdMM/LSd
GNv/sad []e9 £[3 2935/9dMM/95d
yNV/vad o 9|7 993S/SIMM/SSd
eNv/ead [ S[J SOIASHINM/YS
€0HI/ZNY/ead e v [0 vo3as/edIM/eESd
LOHI/INV/kad []ez €[] e93s/2dimesd
ODHI/ONY/0ad [z O 2| 293S/LdMM/LSd
207V [z g [ +o3sodimosd
CRRRIZYVBIBLEEBB3I583FBY85R32
Do oog
OII << mOyN W - N0 % o m N B G i el A VP B
BEgcecaErfgosgezdsdagszes
g<<0000 O O Q9RB]AQaXFiza
mm1_ﬂ_ﬂﬁﬁ o 0Vn A= IH
E-r==Q a0 9=ZIE9
00 <mo<g o XXW%%TW
[CRSHEY = [
eele] gz9 ]
EEE EPE %
aan 2
[&]
)
S
(¢
o

Figurel.2 Pin Assignment of H8/38099 Group (PLQP0100K B-A)
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Section 1 Overview

1.4 Pin Functions

Tablel.l PinFunctions
Type Symbol  Pin No. 1/0 Functions
Power Vce 90 Input  Power supply pin. Connect this pin to the system power
supply pins supply.
Vss 88, 66 Input  Ground pins. Connect these pins to the system power
(= AVss) supply (0 V).
AVcc 75 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.
AVss 66 Input  Ground pin for the A/D converter. Connect this pin to the
(= Vss) system power supply (0 V).
V1itoV3 45t047 Input  Power supply pins for the LCD controller/driver.
C1 48 Input  Capacitance pins for stepping up the LCD drive power
c2 49 Input supply.-
Clock pins  OSC1 87 Input  These pins connect crystal or ceramic resonator for the
0SC2 89 Output system clock, or can be used to input an external clock.
See section 5, Clock Pulse Generator, for a connection.
X1 84 Input  These pins connect a 32.768- or 38.4-kHz crystal
X2 85 Output resonator for the subclogk. See section 5, Clock Pulse
Generator, for a connection.
CLKOUT 96 Output Pin for supplying the system clock to external devices
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Type Symbol  Pin No. 1/0 Functions
System RES 86 Input  Reset pin. The power-on reset circuit is incorporated.
control When externally driven low, the chip is reset.
TEST 65 Input  Test pin. 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 20.4.2, External Trigger Input
Timing.
Interrupt NMI 83 Input  NMI interrupt request pin.
pins Non-maskable interrupt request input pin.
IRQO 74 Input  External interrupt request input pins.
(IRQO) 64 Sensing of rising or falling edges selectable.
IRQ1 73 Input
(IRQ1) 60
IRQ3 72 Input
(IRQ3) 57
IRQ4 99 Input
(IRQ4) 54
IRQAEC 76 Input  Interrupt input pin for the asynchronous event counter.
This pin enables the asynchronous event input. This pin
turns on/off the on-chip oscillator for the system clock
during a reset.
WKPOto 1t08 Input  Wakeup interrupt request input pins.
WKP7 Sensing of rising or falling edges selectable.
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Section 1 Overview

Type Symbol  Pin No. 1/0 Functions
16-bit timer TIOCA1 79 110 Pin for the TGR1A input capture input or output compare
pulse unit output, or PWM output.
(TPU) TIOCB1 80 I/0 Pin for the TGR1B input capture input or output compare
output, or PWM output.
TIOCA2 81 110 Pin for the TGR2A input capture input or output compare
output, or PWM output.
TIOCB2 82 1/0 Pin for the TGR2B input capture input or output compare
output, or PWM output.
TCLKA 79 Input  External clock input pins.
TCLKB 80 Input
TCLKC 81 Input
Timer C TMIC 64 Input  Event input pin for the timer C counter (TCC).
ub 63 Input  Selects whether the TCC counts up or down. TCC counts
up when the UD pin input is low, and counts down when
the input is high.
Timer F TMIF 50 Input  Event input pin for input to the timer F counter.
TMOFL 51 Output Output pin for waveforms generated by the timer FL output
compare function.
TMOFH 52 Output Output pin for waveforms generated by the timer FH
output compare function.
Timer G TMIG 53 Input  Pin for the timer G input capture input
Asynch- AEVL 78 Input  Event input pins for input to the asynchronous event
ronous event counter.
counter AEVH 77 Input
(AEC)
RTC TMOW 96 Output Divided clock output pin for the RTC.
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Type Symbol Pin No. 110 Functions
14-bit PWM PWM1 97 Output Output pins for waveforms generated by the 14-bit PWM in
PWM2 08 Output PWM channels 1, 2, 3, and 4.
PWMS3 99 Output
PWM4 100 Output
Serial SCK4 91 110 Transfer clock pin for SCI4 data transmission/reception.
commu- When the E8 or on-chip emulator debugger is used, this
nications pin is not available.
'ggfjce 4 Sl4 93 Input  SCI4 data input pin. When the E8 or on-chip emulator
( ) debugger is used, this pin is not available.
(F-ZTAT
version only) SO4 92 Output SCl4 data output pin. When the E8 or on-chip emulator
debugger is used, this pin is not available.
Serial SCK31 50 110 SCI3_1 clock I/O pins.
commu- (SCK31) 54
nications
interface 3  RXD31/1IrRXD 51 Input  SCI3_1 data input pins or data input pins for the IrDA
(SCI3) (RXD31/IrRXD) 55 format.
TXD31/FTXD 52 Output SCI3_1 data output pins or data output pins for the IrDA
(TXD31/IFTXD) 56 format.
SCK32 96 1/10 SCI3_2 clock I/0O pins.
(SCK32) 60
RXD32 95 Input  SCI3_2 data input pins.
(RXD32) 61
TXD32 94 Output SCI3_2 data output pins.
(TXD32) 62
SCK33 57 110 SCI3_3 clock I/O pin.
RXD33 58 Input  SCI3_3 data input pin.
TXD33 59 Output SCI3_3 data output pin.
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Type Symbol Pin No. 110 Functions
A/D ANO to AN7 74 to 67 Input  Analog data input pins for the A/D converter.
converter
ADTRG 65 Input  External trigger input pin for the A/D converter.
I’C bus SDA 95 I/0 IIC data I/O pin.
interface 2
(1ncz)
SCL 94 110 1IC clock 1/O pin.
LCD COM1 to 41 to 44 Output LCD common output pins.
controller/  COM4
driver
SEG1 to 1t08 Output LCD segment output pins.
SEG8
SEG9 to 9to 16 Output
SEG16
SEG17 to 1710 24 Output
SEG24
SEG25 to 251032 Output
SEG32
SEG33 to 331040 Output
SEG40
1/0 ports P10toP16 771t082,91 1/O 7-bit I/0 pins. Input or output can be designated for each
bit by means of the port control register 1 (PCR1).
P30 to P32, 96 to 92 1/10 5-bit I/O pins. Input or output can be designated for each
P36, P37 bit by means of the port control register 3 (PCR3).
P40 to P42 50 to 52 110 3-bit I/0 pins. Input or output can be designated for each
bit by means of the port control register 4 (PCR4).
P50to P57 1to8 110 8-bit I/0 pins. Input or output can be designated for each
bit by means of the port control register 5 (PCRS5).
P60to P67 9to 16 1/10 8-bit I/O pins. Input or output can be designated for each

bit by means of the port control register 6 (PCR6).
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Type Symbol Pin No. 110 Functions
1/0 ports P70to P77 17 to 24 I/0 8-bit I/0 pins. Input or output can be designated for each
bit by means of the port control register 7 (PCR7).
P80 to P87 25to 32 1/0 8-bit I/0 pins. Input or output can be designated for each
bit by means of the port control register 8 (PCRS8).
P90to P93 97 to 100 1/10 4-bit I/O pins. Input or output can be designated for each
bit by means of the port control register 9 (PCR9).
PAO to PA3 41 to 44 110 4-bit I/0 pins. Input or output can be designated for each
bit by means of the port control register A (PCRA).
PBOto PB7 74to 67 Input  8-bit input-only pins
PCOto PC7 33to40 110 8-bit I/0 pins. Input or output can be designated for each
bit by means of the port control register C (PCRC).
PEOto PE7 57to 64 1/10 8-bit I/O pins. Input or output can be designated for each
bit by means of the port control register E (PCRE).
PFOto PF3 53 to 56 110 4-bit I/0 pins. Input or output can be designated for each
bit by means of the port control register F (PCRF).
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Section 2 CPU

This LSI has an H8/300H CPU with an internal 32-bit architecture that is upward-compatible with
the H8/300 CPU. The H8/300H can handle a 16-Mbyte linear address space and is ideal for
realtime control.

e Upward-compatible with H8/300 CPUs
Can execute H8/300 CPUs object programs
Additional eight 16-bit extended registers
32-bit 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

o Sixty-two basic instructions
8/16/32-bit data transfer and arithmetic and logic instructions
Multiply and divide instructions
Powerful bit-manipulation instructions

e FEight addressing modes
Register direct [Rn]
Register indirect [@ERn]
Register indirect with displacement [@(d:16,ERn) or @(d:24,ERn)]
Register indirect with post-increment or pre-decrement [ @ERn+ or @—ERn]
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]

e 16-Mbyte linear address space

e High-speed operation
All frequently-used instructions execute in two or four states
8/16/32-bit register-register add/subtract : 2 state

8 x 8-bit 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
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Section2 CPU

e Two types of CPU operating modes
Normal mode
Advanced mode

Note: Normal mode cannot be used in this LSI.

e Power-down state

Transition to power-down state by SLEEP instruction
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Section2 CPU

21

Address Space and Memory Map

The address space of this LSI is 16 Mbytes, which includes the program area and the data area.

Figure 2.1 shows the memory map.

HD64F38099
(Flash memory version)

H'000000
H'0000DF
H'0000EOQ

H'01FFFF

Interrupt vector

On-chip ROM
(128 Kbytes)

H'020000

HFFCF7F

Not used

H'FFCF80

HFFD37F
HFFD380

HFFEFDF
HFFEFEO

H'FFFO9F
H'FFFOAQ
H'FFF35F
H'FFF360

HFFF373
HFFF374

HFFF37F
H'FFF380

HFFFF7F
HFFFF80

HFFFFFF

On-chip RAM (1)
(1 Kbyte)

Not used

Internal 1/O registers (1)

Not used

LCDRAM
(20 bytes)

Not used

On-chip RAM (2)
(3 Kbytes)

Internal 1/0 registers (2)

HD64338099
(Masked ROM version)

H'000000
H'0000DF
H'0000EO0

H'O1FFFF

Interrupt vector

On-chip ROM
(128 Kbytes)

H'020000

HFFCF7F

Not used

H'FFCF80

H'FFD37F
H'FFD380

H'FFEFDF
H'FFEFEQ

H'FFFO9F
H'FFFOAQ

H'FFF35F
H'FFF360

H'FFF373
H'FFF374

H'FFF37F
HFFF380

HFFFF7F
H'FFFF80

On-chip RAM (1)
(1 Kbyte)

Not used

Internal 1/O registers (1)

Not used

LCDRAM
(20 bytes)

Not used

On-chip RAM (2)
(3 Kbytes)

Internal 1/O registers (2)

H'FFFFFF

H'000000
H'0000DF
H'0000EOQ

H'017FFF
H'018000

HFFEFDF
HFFEFEO

H'FFFO9F
HFFFOAO

H'FFF35F
H'FFF360

HFFF373
HFFF374

HFFF77F
H'FFF780

HFFFF7F
H'FFFF80

HFFFFFF

HD64338098
(Masked ROM version)

Interrupt vector

On-chip ROM
(96 Kbytes)

Not used

Internal I/O registers (1)

Not used

LCDRAM
(20 bytes)

Not used

On-chip RAM
(2 Kbytes)

Internal I/O registers (2)

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)

15 07 07 0
ERO EO ROH ROL
ER1 E1 R1H R1L
ER2 E2 RoH RaL
ER3 E3 R3H RaL
ER4 E4 R4H R4L
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 E7 (SP) R7H R7L

Control Registers (CR)
23 0
PC | |

76543210

cer [1Ju]uln]z]v]c]

[Legend]

SP:  Stack pointer H: Half-carry flag

PC: Program counter U: User bit

CCR: Condition-code register N: Negative flag

I: Interrupt mask bit Z: Zero flag

Ul:  User bit V: Overflow flag
C: Carry flag

Figure2.2 CPU Registers
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221 General Registers

The H8/300H CPU has eight 32-bit general registers. These general registers are all functionally
identical and can be used as both address registers and data registers. When a general register is
used as 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-bit registers or address
registers, they are designated by the letters ER (ERO to ER7).

The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) and R
(RO to R7). These registers are functionally equivalent, providing a maximum 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 Usageof General Registers
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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) —»] A

Stack area

/\/

Figure2.4 Relationship between Stack Pointer and Stack Area

222 Program Counter (PC)

This 24-bit counter indicates the address of the next instruction the CPU will execute. The length
of all CPU instructions is 2 bytes (one word), so the least significant PC bit is ignored. (When an
instruction is fetched, the least significant PC bit is regarded as 0). The PC is initialized when the
start address is loaded by the vector address generated during reset exception-handling sequence.

223 Condition-Code Register (CCR)

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

Bit Name

Initial
Value

R/W

Description

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.

ul

Undefined

R/W

User Bit

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

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.

Undefined

R/W

User Bit

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

Undefined

R/W

Negative Flag

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

Undefined

R/W

Zero Flag

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

Undefined

R/W

Overflow Flag

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

Undefined

R/W

Carry Flag

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

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

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

RENESAS
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2.3 Data Formats

The H8/300H CPU can process 1-bit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit
(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bitn (n=0, 1, 2,

..., 1) 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 ne 756555453525‘iol____-P.°.”.It_c_a_r?__-_..i
___________________ 7 0
1-bit data Rnl _____ Dontcare | 7161514132110
7 43 o i
4-bit BCD data RnH [ pper | Lower | Don't care !
.................. J
___________________ 7 4 3 0
4-bit BCD data RnL E Don't care | Upper | Lower |
7 0
Byte data RnH [ R T R R | Don't care E
MSB s T
___________________ 7 0
Byte data RnL E Don't care | T R T 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
BEREERERERRRRED
MSB LSB
15...............0
BEERRERRRERRRRERE
MSB LSB
31 16 15 0
[ r
MSB LSB

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

Figure 2.6 shows the data formats in memory. The H8/300H CPU can access word data and
longword data in 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 address is regarded as 0, so access begins the

preceding address. This also applies to 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

7 6 |5]a]3]2]1]o

MSBE

LS8

B
e
MSB:

\LSB|

/\/

Figure2.6 Memory Data Formats
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24 Instruction Set

241 Table of Instructions 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 in table 2.1.

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
Z 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)
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Symbol Description
: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).

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
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Table2.3 Arithmetic Operations Instructions (1)

Instruction Size* Function

ADD B/W/L Rd+Rs—>Rd, Rd=z=#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+#MM=z+=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 Rd+1—->Rd, Rd+2— Rd

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

ADDS L Rd+1—>Rd, Rd+2—»>Rd, Rd+4 - Rd

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

DAA B Rd (decimal adjust) - Rd

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

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

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

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

Note: * Refers to the operand size.

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

EXTS W/L Rd (sign extension) — Rd
Extends the lower 8 bits of a 16-bit register to word size, or the lower 16
bits of a 32-bit register to longword size, by extending the sign bit.

Note: * Refers to the operand size.

B: Byte
W: Word
L: Longword
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Table2.4

L ogic Operations I nstructions

Instruction Size* Function

AND B/W/L RdARs—Rd, Rdna#MM — Rd
Performs a logical AND operation on a general register and another
general register or immediate data.
OR B/W/L RdvRs—Rd, Rdv#MM— Rd
Performs a logical OR operation on a general register and another
general register or immediate data.
XOR B/W/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
Table2.5 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
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Table2.6

Instruction

Bit Manipulation Instructions

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

0 — (<bit-No.> of <EAd>)

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

BNOT

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

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

BTST

= (<bit-No.> of <EAd>) —» Z

Tests a specified bit in a general register or memory operand and sets
or clears the Z flag accordingly. The bit number is specified by 3-bit
immediate data or the lower three bits of a general register.

BAND

BIAND

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

C A = (<bit-No.> of <EAd>) —» C

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

BOR

BIOR

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

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

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

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

BXOR

BIXOR

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.

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.
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Instruction

Size*

Function

BLD

BILD

B

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

= (<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

BIST

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

= 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 Branch Instructions

Instruction Size Function

Bcc* — Branches to a specified address if a specified condition is true. The
branching conditions are listed below.
Mnemonic Description Condition
BRA(BT) Always (true) Always
BRN(BF) Never (false) Never
BHI High CvzZ=0
BLS Low or same CvzZ=1
BCC(BHS) Carry clear C=0

(high or same)

BCS(BLO) Carry set (low) Cc=1
BNE Not equal Z=0
BEQ Equal Z=1
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal N®eV=0
BLT Less than N®V=1
BGT Greater than ZviIN®eV)=0
BLE Less or equal Zv(N® 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.
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Table2.8 System Control Instructions

Instruction Size* Function

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
Until R4L =0
else next;
EEPMOV.W — if R4 = 0 then
Repeat @ER5+ —» @ERG6+,
R4-1 - R4
UntilR4=0
else next;

Transfers a data block. Starting from the address set in ER5, transfers
data for the number of bytes set in R4L or R4 to the address location set
in ER6.

Execution of the next instruction begins as soon as the transfer is
completed.
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24.2 Basic Instruction For mats

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

(co).
Figure 2.7 shows examples of instruction formats.
(1) Operation Field

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

(2) Register Field

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

(3) Effective Address Extension

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

(4) 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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25 Addressing M odes and Effective Address Calculation

251 Addressing M odes

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,ERNn)/@(d:24,ERn)
4 Register indirect with post-increment @ERN+
Register indirect with pre-decrement @-ERn

Absolute address

@aa:8/@aa:16/@aa:24

Immediate

#XX:8/#xx:16/#xx:32

Program-counter relative

@(d:8,PC)/@(d:16,PC)

0| N[O O,

Memory indirect

@ @aa:8
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(1) Register Direct—Rn

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

(2) Register Indirect—@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.

(3) 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.

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

e Register indirect with post-increment—@ERn+

The register 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.

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

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

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

For an 8-bit absolute address, the upper 16 bits are all assumed to be 1 (H'FFFF). For a 16-bit
absolute address the upper 8 bits are a sign extension. A 24-bit absolute address can access the
entire address space.
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Table 2.11 shows the access ranges of absolute addresses.

Table2.11 Absolute Address Access Ranges

Absolute Address Access Range

8 bits (@aa:8) H'FFFFO00 to H'FFFFFF
(16776960 to 16777215)

16 bits (@aa:16) H'000000 to H'007FFF, H'FF8000 to H'FFFFFF
(0 to 32767, 16744448 to 16777215)

24 bits (@aa:24) H'000000 to H'FFFFFF

(0 to 16777215)

(6) Immediate—#xx:8, #xx:16, or #xx:32

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

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

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

This mode is 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 the first byte of the next instruction,
so the possible branching range is —126 to +128 bytes (—63 to +64 words) or —32766 to +32768
bytes (16383 to +16384 words) from the branch instruction. The resulting value should be an
even number.
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(8) Memory Indirect—@@aa: 8

This mode can be used by the JMP and JSR instructions. The instruction code contains an 8-bit
absolute address specifying a memory operand. This memory operand contains a branch address.
The memory operand is accessed in words, generating a 16-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 all assumed to be 0, so the address range is 0 to 255 (H'0000 to H'OOFF).

Note that the first part of the address range is also the exception vector area.

\_/\

Specified
by @aa:8
Branch address

\_/—\

Figure2.8 Branch Address Specification in Memory Indirect Mode

Rev. 2.00 Jul. 04, 2007 Page 35 of 692
RENESAS REJ09B0309-0200




Section2 CPU

2.5.2

Effective Address Calculation

Table 2.12 indicates how effective addresses are calculated in each addressing mode.

Table2.12 Effective Address Calculation (1)

Addressing Mode and Instruction Format

Effective Address Calculation

Effective Address (EA)

Register direct(Rn)

[ o [m][m]

Operand is general register contents.

Register indirect(@ERn)

31 0

[ [ ] |

| General register contents |——>|

23

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

o

31

o
o

=3

@
k=]

1 General register contents

31 0
| Sign extension | disp

23

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

31 0

[ [ ] |

*Register indirect with pre-decrement @-ERn

31

Lo [ ] |

The value to be added or subtracted is 1 when the
operand is byte size, 2 for word size, and 4 for
longword size.

I General register contents h——»l

23
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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
[weere T ]
@aai16 23 16 15 0
| op | abs | | Sign extensionl |
@aa:24
op 23 0
abs | |
6 Immediate
X8/ 16/fxx: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
. 23 8 7 l 0
ENES H0000 | ans |
15 0 23 16 15 0
[ H—{ o0 |
[Legend]
r,rm,mn : 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 a subclock (¢s,,). The period from a rising
edge of ¢ or ¢, to the next rising edge is called one state. A bus cycle consists of two states or
three states. The cycle differs depending on whether access is to on-chip memory or to on-chip
peripheral modules.

261 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.

Bus cycle

1
: 1

— Tystate —>i<— Tpstate —»
|

1

Internal address bus

>

Address

J

Internal read signal
i

Internal data bus ! Read data

(read access) J

1

1

1

. . 1

Internal write signal !
1

1

I

Internal data bus

: Write data
(write access)

I

Figure2.9 On-Chip Memory Access Cycle
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26.2 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 25.1, Register Addresses (Address Order).
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 a register with 8-bit data bus width is
accessed by word size, a bus 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
1

1
1 1 :
<~ Ty statec¢—<+— T, state —»¢— T;state —»
| 1

1

1

: i |
$orosus —/_\_/_\_/_\_y_
i v :
1 1 !
Internal X
address bus )( Address !

H 1

! !

1

E / i

T

|
1
|
_:_\
:
Internal ) .
data bus 3—( Read data D—
|
|
1
1
|
|
|
|

Internal
read signal

(read access) : : !

; s :

\ A

1

1 1 :

Internal : : 4

data bus ! Write data 9—
(write access)

Internal
write signal

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 6, Power-Down Modes. For details on exception handling, refer
to section 3, Exception Handling.

CPU state I——l Reset state |

The CPU is initialized

—| 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
by the system clock

—l Subactive mode - - - -

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

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

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

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

Power-down modes

—| Watch mode

Subsleep mode

—| 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

Rev. 2.00 Jul. 04, 2007 Page 40 of 692
REJ09B0309-0200 RENESAS




Section2 CPU

Reset cleared _
Reset state )< " ( Exception-handling state
_/ Reset occurs

—
A

Reset
occurs

Interrupt

source
Reset

occurs

Program halt state <
SLEEP instruction executed

Interrupt Exception-
source handling
complete

Program execution state

Figure2.12 State Transitions
2.8 Usage Notes

281 Notes on Data Accessto Empty Areas

The address space of this LSI includes empty areas in addition to the ROM, RAM, and on-chip
I/O registers areas available to the user. When data is transferred from CPU to empty areas, the
transferred data will be lost. This action may also cause the CPU to malfunction. When data is
transferred from an empty area to CPU, the contents of the data cannot be guaranteed.

2.8.2 EEPMOV Instruction

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 ERS, to the address indicated by ER6. Set R4 or
R4L and ERG6 so that the end address of the destination address (value of ER6 + R4 or ER6 + R4L)
does not exceed H'O0FFFFFF (the value of ER6 must not change from H'O0FFFFFF to
H'01000000 during execution).
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283 Bit-Manipulation I nstruction

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 care is required when using these instructions in cases where two registers are
assigned to the same address, or when a bit is directly manipulated for a port or a register
containing a write-only bit, because this may rewrite data of a bit other than the bit to be
manipulated.

(1) Bit manipulation for two registersassigned to the same address
Example 1. Bit manipulation for thetimer load register and timer counter

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

1. Data is read in byte units.
2. The CPU sets or resets the bit to be manipulated with the bit-manipulation instruction.

3. The written data is written again in byte units to the timer load register.

The timer is counting, so the value read is not necessarily the same as the value in the timer load
register. As a result, 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 >
A
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 a low-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 a BSET 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
BSET #0, @PDR5: 8 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  OQutput  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 PDRS has a

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

2. Next, the CPU sets bit 0 of the read data to 1, changing the PDRS5 data to H'41.
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3. Finally, the CPU writes H'41 to PDRS5, completing execution of BSET instruction.
As a result of the BSET instruction, bit 0 in PDRS becomes 1, and P50 outputs a high-level
signal. However, bits 7 and 6 of PDRS5 end up with different values. To prevent this problem,
store a copy of the PDRS data in a work area in memory. Perform the bit manipulation on the
data in the work area, then write this data to PDRS5.

e Prior to executing BSET instruction

MOV .B H'80, ROL The PDRS value (H'80) is written to a work area in

MOV. B ROL,  @RAMO memory (RAMO) as well as to PDRS.
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:8 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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(2) 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 a low-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 this input 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: 8 The BCLR instruction is executed for PCRS5.

e 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 PCRS5. Since PCRS is a write-only
register, the CPU reads a value of H'FF, even though the PCRS value is actually H'3F.

2. Next, the CPU clears bit O in the read data to 0, changing the data to H'FE.

3. Finally, HFE is written to PCRS and BCLR instruction execution ends.
As a result of this operation, bit 0 in PCRS becomes 0, making P50 an input port. However,
bits 7 and 6 in PCRS change to 1, so that P57 and P56 change from input pins to output pins.
To prevent this problem, store a copy of the PDRS data in a work area in memory and
manipulate data of the bit in the work area, then write this data to PDRS.
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e Prior to executing BCLR instruction

MOV.B  H'3F, ROL The PCR5 value (H'3F) is written to a work area in
MOV. B ROL,  @RAMO memory (RAMO) as well as to PCRS.
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: 8

e After executing BCLR instruction

The BCLR instructions executed for the PCRS5 work area
(RAMO).

MOV.B  @RAMO, ROL The work area (RAMO) value is written to PCR5.
MOV.B ROL, @PCR5
P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  OQutput  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 may be caused by a reset or interrupts.

e Reset
A reset has the highest exception priority. Exception handling starts as soon as the reset is
cleared by the RES pin. The chip is also reset when the watchdog timer overflows, and
exception handling starts. Exception handling is the same as exception handling by the RES
pin.

e Interrupts
External interrupts other than NMI and internal interrupts other than address break are masked
by the I bit in CCR, and kept masked while the I bit is set to 1. Exception handling starts when
the current instruction or exception handling ends, if an interrupt request has been issued.
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31

Exception Sourcesand 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
RES pin/Watchdog Reset H'000000 to H'000003 High
timer A
— Reserved for system use 1,2 H'000004 to H'00000B
External interrupt NMI 3 H'00000C to H'00000F
— Reserved for system use 4 H'000010 to H'000013
Address break Break conditions satisfied 5 H'000014 to H'000017
External interrupts  IRQO 6 H'000018 to H'00001B
IRQ1 7 H'00001C to H'00001F
IRQAEC 8 H'000020 to H'000023
IRQ3 9 H'000024 to H'000027
IRQ4 10 H'000028 to H'00002B
WKPO 11 H'00002C to H'00002F
WKP1 12 H'000030 to H'000033
WKP2 13 H'000034 to H'000037
WKP3 14 H'000038 to H'00003B
WKP4 15 H'00003C to H'00003F
WKP5 16 H'000040 to H'000043
WKP6 17 H'000044 to H'000047
WKP7 18 H'000048 to H'00004B V¥
Internal interrupts* — 19to 55 H'00004C to H'0O000DF Low

Note: *

Handling Vector Table.

For details on the vector table of internal interrupts, see section 4.5, Interrupt Exception
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32 Reset

A reset has the highest exception priority. Table 3.2 shows the three sources that cause a reset.

Table3.2 Interrupt Sourcesthat Cause a Reset

Origin of Interrupt Source Description

RES pin Low-level input

Power-on reset circuit Rising of the power-supply voltage (Vcc)
For details, see section 23, Power-On Reset
Circuit.

Watchdog timer Counter overflow

For details, see section 16, Watchdog Timer.

321 Reset Exception Handling

When a reset is generated, all processing halts and this LSI enters the reset state. A reset initializes
the internal state of the CPU and the registers of the on-chip peripheral modules.

To ensure that this LSI be reset, the RES pin has to be held low for the oscillation stabilization
time of the system clock oscillator either after power-on or when the system clock oscillator is
halted. If the system clock oscillator is functioning, the RES pin has to be held low for the number
of the t,,, state as is specified by the electrical characteristics.

When a reset source has been generated, this LSI starts reset exception handling as follows.

1. The internal state of the CPU and the registers of the on-chip peripheral modules are initialized
and the I bit in CCR is set to 1.

2. The reset exception handling vector address (H'000000 to H'000003) is read and transferred to
the PC, and then program execution starts from the address indicated by the PC.

The sequence of the reset exception handling caused by the RES pin is shown in figure 3.1.
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Prefetch of
o Internal — first program: .
Vector fetch 1 processing | instruction 1 '

<

3
m
(2]

Internal
address bus

Internal read E m
signal ' !

Internal write
signal

Internal data
bus (16 bits)

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

Start address

Initial program instruction

Figure3.1 Reset Exception Handling Sequence

322 Interrupt Immediately after Reset

Immediately after a reset, if an interrupt is accepted before the stack pointer (SP) is initialized, 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 a reset. This instruction should
initialize the stack pointer (e.g. MOV.L #xx: 32, SP).
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3.3 Interrupts

The interrupt sources include 14 external interrupts (NMI, IRQO, IRQ1, IRQ3, IRQ4, IRQAEC,
and WKP7 to WKP0) and 28 internal interrupts (for the flash memory version) or 27 internal
interrupts (for the masked ROM version) from on-chip peripheral modules. Figure 3.2 shows the
interrupt sources and their numbers.

The on-chip peripheral modules which require interrupt sources are the watchdog timer (WDT),
address break, realtime clock (RTC), 16-bit timer pulse unit (TPU), asynchronous event counter
(AEC), timer C, timer F, timer G, serial communication interface (SCI), and A/D converter.
Interrupt vector addresses are allocated to individual sources.

NMI is an interrupt with the highest priority and accepted at all times. Interrupts are controlled by
the interrupt controller. The interrupt controller sets interrupts other than NMI to three levels of
priorities in order to control multiple interrupts. The interrupt priority registers A to F (IPRA to
IPRF) of the interrupt controller set the interrupt priorities.

For details on interrupts, see section 4, Interrupt Controller.

NMI (1)
(" External interrupts { IRQO, IRQ1, IRQ3, IRQ4, and IRQAEC (5)
WKPO to WKP7 (8)
(" WDT*1 (1)
Address break (1)
Interrupts < Realtime clock (8)
Asynchronous event counter (1)
16-bit timer pulse unit (6)
Timer C (1)
\_ Internal interrupts < Timer F (2)
Timer G (1)
SCI3 (3)
SCl4*2 (1)
A/D converter (1)
SLEEP instruction execution (1)
\. lIC bus (1)

Notes: () indicates the source number.

1. When the WDT is used as an interval timer, an interrupt request
is generated each time the counter overflows.
2. Available only for the F-ZTAT version.

Figure3.2 Interrupt Sourcesand their Numbers
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34 Stack Status after Exception Handling

Figures 3.3 shows the stack after completion of interrupt exception handling.

/\_//\/

SP-4 SP (ER7)—> CCR
SP-3 SP +1 PCe
SP-2 SP +2 PCy
SP -1 SP+3 PC_
SP (ER7)—> SP +4 Even address
Stack area
Prior to start of interrupt ————————— After completion of interrupt
exception handling PC and CCR exception handling
saved to stack
[Legend]
PCe: Bits 23 to 16 of program counter (PC)
PCh: Bits 15 to 8 of program counter (PC)
PCL: Bits 7 to 0 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 in word or longword units, starting from
an even-numbered address.

Figure3.3 Stack Statusafter Exception Handling

Rev. 2.00 Jul. 04, 2007 Page 52 of 692

REJ09B0309-0200

RENESAS




Section 3 Exception Handling

35 Usage Notes

351 Noteson Stack Area Use

When word data or longword data is accessed in this LSI, the least significant bit of the address is
regarded as 0. The stack must always be accessed in word units or longword units, and the stack
pointer (SP: ER7) should never indicate an odd address. Use PUSH.W Rn (MOV.W Rn, @-SP)
or PUSH.L ERn (MOV.L ERn, @-SP) to save register values. 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 3.4.

CCR SP— R1L H'FFFEFA

SP— PCE PCe H'FFFEFB

PCH PCH H'FFFEFC

PCL PCL H'FFFEFD

sl ] o] oo | HFFFEFF
BSR instruction MOV. B RiL, @-ER7

| |

SP set to H'FFFEFF Stack accessed beyond SP Contents of CCR are lost

[Legend]

PCe: Bits 23 to 16 of program counter (PC)
PCwh: Bits 15 to 8 of program counter (PC)
PC.: Bits 7 to 0 of program counter (PC)
R1L: General register R1L

SP: Stack pointer

Figure 3.4 Operation when Odd Addressis Set in SP
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352 Noteson Rewriting Port Mode Registers

When a port mode register is 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 a pin function is switched by rewriting a port mode register that controls an external
interrupt pin IRQ4, IRQ3, IRQ1, IRQO, or WKP7 to WKPO0), the interrupt request flag is set to 1
at the time the pin function is switched, even if no valid interrupt is input at the pin. Be sure to
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 a valid edge has not arrived on the selected IRQAEC or
IECPWM (PWM output for the AEC). Therefore, be sure to clear the interrupt request flag to 0
after switching the pin function.

Table 3.3 shows the conditions under which interrupt request flags are set to 1.

Rev. 2.00 Jul. 04, 2007 Page 54 of 692
REJ09B0309-0200 RENESAS



Section 3 Exception Handling

Table3.3

Conditions under which Interrupt Request Flagis Set to 1

Interrupt Request
Flags Setto 1

Conditions

IRR1

IRRI4

When the IRQ4 bit in PMR9 or PMRF is changed from 0 to 1 while the
IRQ4 pin is low and the IEG4 bit in IEGR is 0.

When the IRQ4 bit in PMR9 or PMRF is changed from 1 to 0 while the
IRQ4 pin is low and the IEG4 bit in IEGR is 1.

IRRI3

When the IRQS3 bit in PMRB or PMRE is changed from 0 to 1 while the
IRQ3 pin is low and the IEG3 bit in IEGR is 0.

When the IRQS3 bit in PMRB or PMRE is changed from 1 to 0 while the
IRQ3 pin is low and the IEG3 bit in IEGR is 1.

IRREC2

When an edge as designated by the AIEGS1 and AIEGSO bits in AEGSR is
detected because the values of the IRQAEC pin and of IECPWM at
switching are different (e.g., when the rising edge has been selected and
the ECPWME bit in AEGSR is changed from 1 to 0 while the IRQAEC pin is
low and IECPWM is 1).

IRRI1

When the IRQ1 bit in PMRB or PMRE is changed from 0 to 1 while the
IRQ1 pin is low and the IEG1 bit in IEGR is 0.

When the IRQ1 bit in PMRB or PMRE is changed from 1 to 0 while the
IRQ1 pin is low and the IEG1 bitin IEGR is 1.

IRRIO

When the IRQO bit in PMRB or PMRE is changed from 0 to 1 while the
IRQO pin is low and the IEGO bit in IEGR is 0.

When the IRQO bit in PMRB or PMRE is changed from 1 to 0 while the
IRQO pin is low and the IEGO bit in IEGR is 1.

IWPR

IWPF7

When the WKP?7 bit in PMR5 is changed from 0 to 1 while the WKP7 pin is
low.

IWPF6

When the WKP6 bit in PMR5 is changed from 0 to 1 while the WKP®6 pin is
low.

IWPF5

When the WKPS5 bit in PMR5 is changed from 0 to 1 while the WKP5 pin is
low.

IWPF4

When the WKP4 bit in PMR5 is changed from 0 to 1 while the WKP4 pin is
low.

IWPF3

When the WKP3 bit in PMR5 is changed from 0 to 1 while the WKP3 pin is
low.

IWPF2

When the WKP2 bit in PMR5 is changed from 0 to 1 while the WKP2 pin is
low.

IWPF1

When the WKP1 bit in PMR5 is changed from 0 to 1 while the WKP1 pin is
low.

IWPFO

When the WKPO bit in PMR5 is changed from 0 to 1 while the WKPO pin is
low.
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Figure 3.5 shows the procedure for setting a bit in a port mode register and clearing the interrupt
request flag. This procedure also applies to AEGSR setting.

When switching a pin function, mask the interrupt before setting the bit in the port mode register
(or AEGSR). After accessing the port mode register (or AEGSR), execute at least one instruction
(e.g., NOP), then clear the interrupt request flag from 1 to 0. If the instruction to clear the flag to 0
is executed immediately after the port mode register (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 so that the conditions in table 3.2 are not satisfied.
However, the procedure in figure 3.5 is recommended because [IECPWM is an internal signal and
determining its value is complicated.

Interrupts masked. (Another possibility
| | bit in CCR « 1 | ---------- is to disable the relevant interrupt in the
T interrupt enable register 1.)

|Set port mode register (or AEGSR) bitl

After setting the port mode register
. . P (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 |

| | bitin CCR« 0 | ---------- Interrupt mask cleared

Figure3.5 Port Mode Register (or AEGSR) Setting and Interrupt Request Flag
Clearing Procedure
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353 Method for Clearing Interrupt Request Flags

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

(1) Recommended method

Use a single instruction 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.

BCLR #1, @IRR1:8
MOV.B R1L, @IRR1:8 (set the value of RI1L to B'11111101)
(2) Exampleof a malfunction

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.

Here is an example in which IRRIO is cleared and disabled in the process of clearing IRRI1 (bit 1
in IRR1).

MOV.B @IRR1:8,RI1L ......... IRRIO = 0 at this time
AND.B #B'11111101,R1L ..... Here, IRRIO =1
MOV.B R1L,Q@IRR1:8 ......... IRRIO is cleared to 0

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 objective is clearing IRRI1, IRRIO is
also cleared.

Rev. 2.00 Jul. 04, 2007 Page 57 of 692
RENESAS REJ09B0309-0200



Section 3 Exception Handling

Rev. 2.00 Jul. 04, 2007 Page 58 of 692
REJ09B0309-0200 RENESAS



Section 4 Interrupt Controller

Section 4 Interrupt Controller

4.1 Features
This LSI includes an interrupt controller, which has the following features.

e Priorities settable with IPR
An interrupt priority register (IPR) is provided for setting interrupt priorities. Three mask
levels can be set for each module for all interrupts except an NMI and address break.

e Interrupts can be enabled or disabled in three levels by the INTM1 and INTMO bits in the
interrupt mask register INTM).

e Fourteen external interrupts
NMI is the highest-priority interrupt, and is accepted at all times. Rising or falling edge
sensing can be selected for NMI. Rising or falling edge sensing can be selected for IRQO,
IRQ1, IRQ3, IRQ4, and WKPO to WKP7. Rising, falling, or both edge sensing can be selected
for IRQAEC.

A block diagram of the interrupt controller is shown in figure 4.1.

NMI/IRQ/ External interrupt |———
WKP input |: input ——

— Interrupt request
IENR1 Priority > Vector number

determination CCR

Internal interrupt source,
TPU, SCI, etc. L

[Legend]
IENR1: IRQ enable register 1
IPR: Interrupt priority register
CCR:  Condition code register
INTM:  Interrupt mask register

Figure4.1 Block Diagram of Interrupt Controller
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4.2 I nput/Output Pins
Table 4.1 shows the pin configuration of the interrupt controller.

Table4.1 Pin Configuration

Pin Name 110 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
IRQ4 Input Maskable external interrupt pins
RQ3 Input Rising or falling edge can be selected
IRQ1 Input
IRQO Input
WKP7 to WKPO Input Maskable external interrupt pins

Accepted at a rising or falling edge

4.3 Register Descriptions

The interrupt controller has the following registers.

Interrupt edge select register IEGR)
Wakeup edge select register (WEGR)
Interrupt enable register 1 (IENR1)

e Interrupt enable register 2 (IENR2)

e Interrupt request register 1 (IRR1)

o Interrupt request register 2 (IRR2)

e Wakeup interrupt request register (IWPR)
e Interrupt priority register A (IPRA)

e Interrupt priority register B (IPRB)

e Interrupt priority register C (IPRC)

e Interrupt priority register D (IPRD)

e Interrupt priority register E (IPRE)

e Interrupt priority register F (IPRF)

e Interrupt mask register (INTM)
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431 Interrupt Edge Select Register (IEGR)

IEGR selects the sense of an edge that generates interrupt requests of the NMI, TMIF, ADTRG,

IRQ4, TIRQ3, IRQI, and IRQO pins.

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 TMIFEG 0 R/W TMIF Edge Select
0: Detects a falling edge of the TMIF pin input
1: Detects a rising edge of the TMIF pin input
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
4 IEG4 0 R/W IRQ4 Edge Select
0: Detects a falling edge of the IRQ4 pin input
1: Detects a rising edge of the IRQ4 pin input
3 IEG3 0 R/W IRQ3 Edge Select
0: Detects a falling edge of the IRQ3 pin input
1: Detects a rising edge of the IRQ3 pin input
2 — 1 — Reserved
This bit is always read as 1 and cannot be modified.
1 IEGH 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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432 Wakeup Edge Select Register (WEGR)

WEGR selects the sense of an edge that generates interrupt requests of the WKP7 to WKPO pins.

Initial
Bit Bit Name Value R/W Description
7 WKEGS7 0 R/W WKP7 Edge Select

0: Detects a falling edge of the WKP7 pin input
1: Detects a rising edge of the WKP7 pin input

6 WKEGS6 0 R/W WKP6 Edge Select
0: Detects a falling edge of the WKP6 pin input
1: Detects a rising edge of the WKP6 pin input

5 WKEGS5 0 R/W WKP5 Edge Select
0: Detects a falling edge of the WKP5 pin input
1: Detects a rising edge of the WKP5 pin input

4 WKEGS4 0 R/W WKP4 Edge Select
0: Detects a falling edge of the WKP4 pin input

1: Detects a rising edge of the WKP4 pin input

3 WKEGSS3 0 R/W WKP3 Edge Select
0: Detects a falling edge of the WKP3 pin input
1: Detects a rising edge of the WKP3 pin input

2 WKEGS2 0 R/W WKP2 Edge Select
0: Detects a falling edge of the WKP2 pin input
1: Detects a rising edge of the WKP2 pin input

1 WKEGS1 0 R/W WKP1 Edge Select
0: Detects a falling edge of the WKP1 pin input
1: Detects a rising edge of the WKP1 pin input

0 WKEGSO0 0 R/W WKPO Edge Select
0: Detects a falling edge of the WKPO pin input
1: Detects a rising edge of the WKPO pin input
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433 Interrupt Enable Register 1 (IENR1)

IENRI1 enables the RTC, WKP7 to WKPO0, IRQO, IRQ1, IRQ3, IRQ4, and IRQAEC interrupts.

Bit Bit Name

Initial
Value

R/W

Description

7 IENRTC

0

R/W

RTC Interrupt Request Enable

The RTC interrupt request is enabled when this bit is
setto 1.

Reserved
This bit is always read as 1 and cannot be modified.

5 IENWP

R/W

Wakeup Interrupt Request Enable

The WKP7 to WKPO interrupt requests are enabled
when this bit is setto 1.

4 IEN4

R/W

IRQ4 Interrupt Request Enable

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

3 IEN3

R/W

IRQS Interrupt Request Enable

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

2 IENEC2

R/W

IRQAEC Interrupt Request Enable

The IRQAEC interrupt request is enabled when this bit
issetto 1.

1 IEN1

R/W

IRQ1 Interrupt Request Enable

The IRQ1 interrupt request is enabled when this bit is
setto 1.

0 IENO

R/W

IRQO Interrupt Request Enable

The IRQO interrupt request is enabled when this bit is
setto 1.
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434 Interrupt Enable Register 2 (IENR2)

IENR?2 enables the direct transition, A/D converter, timer G, timer F, timer C, and asynchronous
event counter interrupts.

Initial

Bit Bit Name Value R/W Description

7 IENDT 0 R/W Direct Transition Interrupt Request Enable
The direct transition interrupt request is enabled when
this bit is set to 1.

6 IENAD 0 R/W A/D Converter Interrupt Request Enable
The A/D converter interrupt request is enabled when
this bit is set to 1.

5 — 0 R/W Reserved
This bit can be read from or written to.

4 IENTG 0 R/W Timer G Interrupt Request Enable
The timer G interrupt request is enabled when this bit is
setto 1.

3 IENTFH 0 R/W Timer FH Interrupt Request Enable
The timer FH interrupt request is enabled when this bit
issetto 1.

2 IENTFL 0 R/W Timer FL Interrupt Request Enable
The timer FL interrupt request is enabled when this bit
issetto 1.

1 IENTC 0 R/W Timer C Interrupt Request Enable
The timer C interrupt request is enabled when this bit is
setto 1.

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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435 Interrupt Request Register 1 (IRR1)

IRR1 indicates the IRQO, IRQ1, IRQ3, IRQ4, and IRQAEC interrupt request status.

Bit Bit Name

Initial
Value

R/W

Description

7105 —

All 1

Reserved

These bits are always read as 1 and cannot be
modified.

4 IRRI4

R/W

IRQ4 Interrupt Request Flag
[Setting condition]

The IRQ4 pin is set as the interrupt input pin and the
specified edge is detected

[Clearing condition]
Writing of 0 to this bit

3 IRRI3

R/W

IRQS Interrupt Request Flag
[Setting condition]

The IRQ3 pin is set as the interrupt input pin and the
specified edge is detected

[Clearing condition]
Writing of 0 to this bit

2 IRREC2

R/W

IRQAEC Interrupt Request Flag
[Setting condition]

The IRQAEC pin is set as the interrupt input pin and the
specified edge is detected

[Clearing condition]
Writing of 0 to this bit

1 IRRI1

R/W

IRQ1 Interrupt Request Flag
[Setting condition]

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

[Clearing condition]
Writing of 0 to this bit
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Initial
Bit Bit Name Value R/W Description
0 IRRIO 0 R/W IRQO Interrupt Request Flag

[Setting condition]

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

[Clearing condition]
Writing of 0 to this bit

4.3.6 Interrupt Request Register 2 (IRR2)

IRR?2 indicates the state of the direct transition, A/D converter, timer G, timer F, timer C, and
asynchronous event counter interrupt requests.

Initial
Bit Bit Name  Value R/W

Description

7 IRRDT 0 R/W

Direct Transition Interrupt Request Flag
[Setting condition]

Execution of a SLEEP instruction while the DTON bit in
SYSCR2 is set to 1, so that a direct transition is made
to sleep mode

[Clearing condition]
Writing of 0 to this bit

6 IRRAD 0 R/W

A/D Converter Interrupt Request Flag
[Setting condition]

When A/D conversion ends

[Clearing condition]

Writing of 0 to this bit

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

4 IRRTG 0 R/W

Timer G Interrupt Request Flag

[Setting condition]

The timer G input capture or overflow occurs.
[Clearing condition]

Writing of 0 to this bit
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Initial
Bit Bit Name  Value R/W Description
3 IRRTFH 0 R/W Timer FH Interrupt Request Flag

[Setting condition]

The timer FH compare match or overflow occurs
[Clearing condition]

Writing of 0 to this bit

2 IRRTFL 0 R/W Timer FL Interrupt Request Flag
[Setting condition]
The timer FL compare match or overflow occurs
[Clearing condition]
Writing of 0 to this bit

1 IRRTC 0 R/W Timer C Interrupt Request Flag
[Setting condition]
The timer C overflow or underflow occurs.
[Clearing condition]
Writing of 0 to this bit

0 IRREC 0 R/W Asynchronous Event Counter Interrupt Request Flag
[Setting condition]
The asynchronous event counter overflows
[Clearing condition]
Writing of 0 to this bit
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437 Wakeup Interrupt Request Register (IWPR)

IWPR has the WKP7 to WKPO interrupt request status flags.

Bit Bit Name

Initial
Value

R/W

Description

7 IWPF7

0

R/W

WKP?7 Interrupt Request Flag
[Setting condition]

The WKP7 pin is set as the interrupt input pin and the
specified edge is detected

[Clearing condition]
Writing of 0 to this bit

6 IWPF6

R/W

WKP6 Interrupt Request Flag
[Setting condition]

The WKP6 pin is set as the interrupt input pin and the
specified edge is detected

[Clearing condition]
Writing of 0 to this bit

5 IWPF5

R/W

WKP5 Interrupt Request Flag
[Setting condition]

The WKP5 pin is set as the interrupt input pin and the
specified edge is detected

[Clearing condition]
Writing of 0 to this bit

4 IWPF4

R/W

WKP4 Interrupt Request Flag
[Setting condition]

The WKP4 pin is set as the interrupt input pin and the
specified edge is detected

[Clearing condition]
Writing of 0 to this bit

3 IWPF3

R/W

WKP3 Interrupt Request Flag
[Setting condition]

The WKPS3 pin is set as the interrupt input pin and the
specified edge is detected

[Clearing condition]
Writing of 0 to this bit
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Bit

Bit Name

Initial
Value

R/W

Description

IWPF2

0

RW

WKP2 Interrupt Request Flag
[Setting condition]

The WKP2 pin is set as the interrupt input pin and the
specified edge is detected

[Clearing condition]
Writing of 0 to this bit

IWPF1

0

R/W

WKP1 Interrupt Request Flag
[Setting condition]

The WKP1 pin is set as the interrupt input pin and the
specified edge is detected

[Clearing condition]
Writing of 0 to this bit

IWPFO

0

R/W

WKPO Interrupt Request Flag
[Setting condition]

The WKPO pin is set as the interrupt input pin and the
specified edge is detected

[Clearing condition]
Writing of 0 to this bit

RENESAS

Rev. 2.00 Jul. 04, 2007 Page 69 of 692
REJ09B0309-0200



Section 4 Interrupt Controller

438 Interrupt Priority Registers A to F (IPRA to IPRF)

IPR sets mask levels (levels 2 to 0) for interrupts other than the NMI and address break. The
correspondence between interrupt sources and IPR settings is shown in table 4.2.

Setting a value in the range from H'0 to H'3 in the 2-bit groups of bits 7 and 6, 5 and 4, 3 and 2,
and 1 and O sets the mask level of the corresponding interrupt. Bits 3 to O in IPRE and bits 1 and 0
in IPRF are reserved.

Initial
Bit Bit Name Value R/W Description
7 IPRn7 0 R/W Set the mask level of the corresponding interrupt
6 IPRN6 0 R/w  Source.
00: Mask level 0 (Lowest)
01: Mask level 1
1x: Mask level 2 (Highest)
5 IPRn5 0 R/W Set the mask level of the corresponding interrupt
IPRn4 0 R/w  Source.
00: Mask level 0 (Lowest)
01: Mask level 1
1x: Mask level 2 (Highest)
IPRn3 0 R/W Set the mask level of the corresponding interrupt
IPRR2 0 R/w  Source.
00: Mask level 0 (Lowest)
01: Mask level 1
1x: Mask level 2 (Highest)
1 IPRNn1 0 R/W Set the mask level of the corresponding interrupt
0 IPRNO 0 R/w  Source.

00: Mask level 0 (Lowest)
01: Mask level 1
1x: Mask level 2 (Highest)

[Legend]
x: Don't care
n=AtoF
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4.3.9 Interrupt Mask Register (INTM)

INTM is an 8-bit readable/writable register that controls 3-level interrupt masking depending on
the combination of the INTMO and INTM1 bits.

Initial
Bit Bit Name Value R/W Description
7to2 — All 1 — Reserved
These bits are always read as 1 and cannot be
modified.
INTMA1 0 R/W Set the interrupt mask level.
0 INTMO 0 R/W 1x: Mask an interrupt with mask level 1 or less

01: Mask an interrupt with mask level O
00: Accept all interrupts

[Legend]
x: Don't care

4.4 Interrupt Sources

441 External Interrupts
There are 14 external interrupts: NMI, WKP7 to WKPO0, IRQ4, IRQ3, IRQAEC, IRQ1, and IRQO.
(1) NMI Interrupt

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

(2) WKP7to WKPO Interrupts

WKP7 to WKPO interrupts are requested by the rising or falling edge input signals at the WKP7 to
WKPO pins.

When the rising or falling edge is input while the WKP7 to WKPO pin functions are selected by
PMRS, the corresponding bit in IWPR is set to 1 and an interrupt request is generated.

Clearing the IENWP bit in IENRI1 to 0 disables the wakeup interrupt request to be accepted.
Setting the I bit in CCR to 1 masks all interrupts.
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When exception handling for the WKP7 to WKPO interrupts is accepted, the I bit in CCR is set to
1. The interrupt mask level can be set by IPR.

(3) IRQ4,1RQ3, IRQ1, and IRQO Interrupts

IRQ4, IRQ3, IRQI, and IRQO interrupts are requested by input signals at IRQ4, IRQ3, IRQ1, and
IRQO pins.

Using the IEG4, IEG3, IEGI, and IEGO bits in IEGR, it is possible to select whether an interrupt
is generated by a rising or falling edge at IRQ4, IRQ3, IRQ1, and IRQO pins.

When the specified edge is input while the IRQ4, IRQ3, IRQ1, and IRQO pin functions are
selected by PFCR, PMRF, PMRE, PMRB, and PMRY, the corresponding bit in IRR1 is set to 1
and an interrupt request is generated.

Clearing the IEN4, IEN3, IEN1, and IENO bits in IENRI1 to 0 disables the interrupt request to be
accepted. Setting the I bit in CCR to 1 masks all interrupts.

The interrupt mask level can be set by IPR.
(4) 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 is used as an external interrupt pin, clear the
ECPWME bit in AEGSR to 0.

Using the AIEGS1 and AIEGSO bits in AEGSR, it is possible to select whether an interrupt is
generated by a rising edge, falling edge, or both edges.

When the IENEC?2 bit in IENRI is set to 1 and the specified edge is input, the corresponding bit in
IRR1 is set to 1 and an interrupt request is generated.

When exception handling for the IRQAEC interrupt is accepted, the I bit in CCR is set to 1.

The interrupt mask level can be set by IPR.
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442 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.

e The interrupt mask level can be set by IPR.

4.5 Interrupt Exception Handling Vector Table

Table 4.2 shows interrupt exception handling sources, vector addresses, and interrupt priorities.
For priorities, the lower the vector number, the higher the mask level. Priorities within a module
are fixed. Interrupt mask levels other than NMI and address break can be modified by IPR.
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Table4.2 Interrupt Sources, Vector Addresses, and Interrupt Priorities

Origin of Vector Mask
Interrupt Source Name Number  Vector Address IPR Level
RES, WDT Reset 0 H'000000 — High
NMI NMI 3 H'00000C A
Address break Break conditions satisfied 5 H'000014
External pins IRQO 6 H'000018 IPRA7, IPRA6

IRQ1 7 H'00001C IPRA5, IPRA4

IRQAEC 8 H'000020 IPRAS, IPRA2

IRQ3 9 H'000024 IPRA1, IPRAO

IRQ4 10 H'000028

WKPO 11 H'00002C IPRB7, IPRB6

WKP1 12 H'000030

WKP2 13 H'000034

WKP3 14 H'000038

WKP4 15 H'00003C

WKP5 16 H'000040

WKP6 17 H'000044

WKP7 18 H'000048
RTC 0.25-second overflow 19 H'00004C IPRBS5, IPRB4

0.5-second overflow 20 H'000050

Second periodic overflow 21 H'000054

Minute periodic overflow 22 H'000058

Hour periodic overflow 23 H'00005C

Day periodic overflow 24 H'000060

Week periodic overflow 25 H'000064 v

Free-running overflow 26 H'000068 Low
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Origin of Vector Mask
Interrupt Source Name Number  Vector Address IPR Level
WDT WDT overflow (interval 27 H'00006C IPRB3, IPRB2 High
timer) A
AEC AEC overflow 28 H'000070 IPRB1, IPRBO
TPU_A1 TG1A (TG1A input 29 H'000074 IPRC7, IPRC6
capture/compare match)
TG1B (TG1B input 30 H'000078
capture/compare match)
TCI1V (overflow 1) 31 H'00007C
TPU_2 TG2A (TG2A input 32 H'000080 IPRC5, IPRC4
capture/compare match)
TG2B (TG2B input 33 H'000084
capture/compare match)
TCI2V (overflow 2) 34 H'000088
Timer F Timer FL compare match 35 H'00008C IPRCS, IPRC2
Timer FL overflow
Timer FH compare match 36 H'000090
Timer FH overflow
SCl4* Receive data full/transmit 37 H'000094 IPRC1, IPRCO
data empty
Transmit end/receive error
SCI3_1 Transmit 38 H'000098 IPRD7, IPRD6
completion/transmit data
empty
Receive data full/overrun
error
Framing error/parity error
SCI3_2 Transmit 39 H'00009C IPRD5, IPRD4
completion/transmit data
empty
Receive data full/overrun
error
Framing error/parity error
lIc2 Transmit data 40 H'0000A0 IPRDS3, IPRD2
empty/transmit end
Receive data full/stop
condition detection
NACK detection
Arbitration/overrun error
10-bit A/D A/D conversion end 42 H'0000A8 IPRE7, IPRE6
(SLEEP instruction Direct transition 43 H'0000AC IPRES5, IPRE4 \ 4
execution) Low

Rev. 2.00 Jul. 04, 2007 Page 75 of 692
RENESAS REJ09B0309-0200



Section 4 Interrupt Controller

Origin of Vector Mask
Interrupt Source Name Number  Vector Address IPR Level
Timer C Timer C 53 H'0000D4 IPRF7, IPRF6 High
overflow/underflow
Timer G Timer G input capture 54 H'0000D8 IPRF5, IPRF4
Timer G overflow
SCI3_3 Transmit 55 H'0000DC IPRF3, IPRF2
completion/transmit data
empty
Receive data full/overrun
error
Framing error/parity error Low

Note: * Supported only by the flash version.

Rev. 2.00 Jul. 04, 2007 Page 76 of 692
REJ09B0309-0200

RENESAS



Section 4 Interrupt Controller

4.6 Operation

NMI and address break interrupts are accepted at all times except in the reset state. In the case of
IRQ interrupts, WKP 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.

Table 4.3 shows the interrupt control states. Figure 4.2 shows a flowchart of the interrupt
acceptance operation.

Four-level interrupt masking is controlled according to the combination of the I bit in CCR and the
INTM1 and INTMO bits in INTM.

Table4.3 Interrupt Control States

CCR INTM
| INTM1  INTMO States

X X All interrupts other than NMI and address break are masked.
0 1 X Interrupts with mask level 1 or less are masked.

0 1 Interrupts with mask level 0 are masked.

0 0 All interrupts are accepted.
[Legend]
x: Don't care

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

2. With referring to the INTM1 and INTMO bits in INTM and the I bit in CCR, control the
following.

— The interrupt request is held pending when the I bit is set to 1.

— When the I bit is cleared to 0 and INTM1 bit is set to 1, interrupts with mask level 1 or less
are held pending.

— When the I bit is cleared to O, INTM1 bit is cleared to 0, and INTMO bit is set to 1,
interrupt requests with mask level O are held pending.

— When the I bit, INTM1 bit, and INTMO bit are all cleared to 0, all interrupt requests are
accepted.
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3. If a conflict occurs between interrupt requests that are not held pending due to the settings of
the IMTM1, IMTNO bits in INTM or the I bit in CCR, the interrupt request with the highest
mask level according to table 4.2 is selected regardless of the IPR setting.

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

5. PC and CCR are saved to the stack area by interrupt exception handling.
6. Next, the I bit in CCR is set to 1. This masks all interrupts except NMI and address break.

7. The CPU generates a vector address for the accepted interrupt and starts interrupt handling by
reading the interrupt routine start address in the vector table.
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Program execution state

Interrupt generated?

Mask level 2 N
1=07? interrupt?

| Save PCland CCR | | Held pending |

| le1 |

!

| Set vector address |

!

Branch to interrupt
handling routine

Figure4.2 Flowchart of Procedure Up to Interrupt Acceptance

46.1 Interrupt Exception Handling Sequence

Figure 4.3 shows the interrupt exception handling sequence.
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Figure4.3 Interrupt Exception Handling Sequence
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4.6.2 Interrupt Response Times

Table 4.4 shows interrupt response times — the interval between generation of an interrupt request
and execution of the first instruction in the interrupt handling routine.

Table4.4 Interrupt Response Times (States)

No. Execution Status Number of States
Interrupt mask level determination 1 or 2+
Maximum number of wait states until 1to23
executing instruction ends
3 PC, CCR stack 4
4 Vector fetch 4
5 Instruction fetch** 4
6 Internal processing*’ 4
Total 18 to 41

Notes: 1. One state in case of an internal interrupt (2 states in case of an external interrupt).
2. Prefetch after interrupt acceptance and interrupt handling routine prefetch.
3. Internal processing after interrupt acceptance and internal processing after vector fetch.
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4.7 Usage Notes

4.7.1 Contention between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to O to disable interrupts, the disabling becomes effective
after execution of the instruction. When an interrupt enable bit is cleared to O 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. However,
if there is an interrupt request with a higher mask level than that interrupt, interrupt exception
handling will be executed for the interrupt with a higher mask level, and the interrupt with a lower
mask level will be ignored. The same also applies when an interrupt source flag is cleared to 0.

Figure 4.4 shows an example in which the TGIEA bit in TIER of the 16-bit timer pulse unit (TPU)
is cleared to 0.

! TIER write cycle by CPU TGIA exception handling

c LT g
X

Y
A

Internal address TIER address

bus

Internal write
signal

I

TGIEA

TGIA J\

TGIA interrupt
signal

Figure4.4 Contention between Interrupt Generation and Disabling

The above contention will not occur if an enable bit or interrupt source flag is cleared to O while
the interrupt is masked.
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4.7.2 Instructionsthat Disable Interrupts
The instructions that disable interrupts are LDC, ANDC, ORC, and XORC.

When an interrupt request is generated, an interrupt is requested to the CPU after the interrupt
controller has determined the mask level. 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
completed.

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

With the EEPMOV B instruction, an interrupt request (including NMI) issued during transfer is
not accepted until the transfer is completed.

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

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

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

4.7.4 IENR Clearing

When an interrupt request is disabled by clearing the interrupt enable register or when the interrupt
request register is cleared, the interrupt request should be masked (I bit = 1). If the above operation
is executed while the I bit is 0 and contention between the instruction execution and the interrupt
request 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 5 Clock Pulse Generator

The clock pulse generator incorporated into this LSI consists of a system clock pulse generator
circuit that consists of a system clock oscillator, system clock divider, and an on-chip oscillator for
the system clock, and a subclock pulse generator circuit that consists of a subclock oscillator and
subclock divider.

Figure 5.1 is a block diagram of the clock pulse generator.

(8bits) Lot g/1024

IRQAEC T E
i On-chip E
i |oscillator for E
E system clock '
: R Y 0 i
' 0sc 0SC U
' /8 |
: System System | $osc ol
0scC1 :' clock 9osc 9osc | clock |%osc/16 | o
0SC2 <—— ,cillator (fosc) (fosc) divider | ®0sc/32 >~ E
i dosc/64 | Prescaler S [ ?/2
| g B . 1 to
! System clock pulse generator circuit ' (17 bits) ! ¢/131072
! | > Ow
E ow/2 o
X1 —| Subclock ow Subclock |ow/4 : > owd
: ) > . L > 0suB
X2 <«—— oscillator (fw) divider ow/8 !
i | Prescalerw [ ?g\’/s

Subclock pulse generator circuit

> 0n/2

Note: * The system clock can be output from the on-chip oscillator for the system clock or system clock oscillator by the
input level of the IRQAEC pin during an internal reset except for the one by the watchdog timer.

Figure5.1 Block Diagram of Clock Pulse Generator

The basic clock signals that drive the CPU and on-chip peripheral modules are the system clock
(¢) and subclock (¢,,). Prescaler S frequency-divides the clock signal S to produce clock signals
at rates from ¢/131072 to ¢/2, and prescaler W frequency-divides the watch clock ¢ /4, which is
the watch clock frequency-divided by four, to produce clock signals from at rates from ¢ /1024 to
¢,/8. Both the system clock and subclock signals are provided to the on-chip peripheral modules.

Since the on-chip oscillator for the system clock is available, the system clock can be selected to
be output from the on-chip oscillator for the system clock or system clock oscillator by the input
level of the IRQAEC pin.
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51 Register Description

e SUB32k control register (SUB32CR)
e Oscillator Control Register (OSCCR)

511

SUB32k Control Register (SUB32CR)

SUB32CR controls whether the subclock oscillator is operating or stopped.

Initial
Bit Bit Name Value R/W Description
7 32KSTOP 0 R/W Subclock Oscillator Operation Control
Controls whether the subclock oscillator is operating or
stopped. When the subclock oscillator is not used, set
this bitto 1.
0: Subclock oscillator operates
1: Subclock oscillator stops
6 — 0 R/W Reserved
This bit can be read from or written to.
5t00 — AllO — Reserved

These bits are always read as 0 and cannot be
modified.
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51.2 Oscillator Control Register (OSCCR)

OSCCR is used to control the built-in feedback resistor and includes the IRQAEC and OSC flags.

Initial
Bit Bit Name Value R/W

Description

7 — 0 R/W

Reserved
This bit can be read from or written to.

6 RFCUT 0 R/W

Built-In Feedback Resistor Control

Selects whether to use the built-in feedback resistor of
the system clock oscillator when the external clock is
being input or the on-chip oscillator for the system clock
is selected.

When the external clock is being input or the on-chip
oscillator for the system clock is in use, set this bit and
then temporarily enter standby mode, watch mode, or
subactive mode. After any of these modes is entered,
the built-in feedback oscillator is used or not used
according to this specification.

0: Built-in feedback resistor is used with the system
clock oscillator

1: Built-in feedback resistor is not used with the system
clock oscillator

Reserved
The write value should always be 0.

Reserved
This bit can be read from or written to.

Reserved
The write value should always be 0.

2 IRQAECF  —* R

IRQAEC Flag

This bit indicates the level at which the IRQAEC pin is
to be set during resets.

0: IRQAEC pin set to GND during resets
1: IRQAEC pin set to Vcc during resets
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Initial
Bit Bit Name  Value R/W Description
1 OSCF —* R OSC Flag

This bit indicates which oscillator is acting as the
system clock pulse generator.

0: The system clock oscillator is the generator
(operation of the on-chip oscillator for system clock
stopped)

1: The on-chip oscillator for the system clock is the
generator (system clock oscillator stopped)

0 — 0 R/W Reserved
The write value should always be 0.
Note: * The initial value depends on the IRQAEC pin state. For details, see table 5.1.

52 System Clock Generator

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

The system clock oscillator or the on-chip oscillator for the system clock is selectable, as shown in
figure 5.1. For details on how to select the oscillator, see section 5.2.4, Selecting On-Chip
Oscillator for System Clock.

521 Connecting Crystal Resonator

Figure 5.2 shows a typical method of connecting a crystal resonator. An AT-cut parallel-resonance
crystal resonator should be used.

For precautionary notes on connection of the crystal resonator, see section 5.5.2, Notes on Board

Design.
C4
0OSC1 T| I}
= C»
0sc2 # |}
C.,C,
Frequency| Manufacturer |Product Type |Recommended Value
4.19 MHz [NIHON DEMPA | NR-18 12 pF +20%
KOGYO.,LTD.

Figure5.2 Typical Connection to Crystal Resonator
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522 Connecting Ceramic Resonator

Figure 5.3 shows a typical method of connecting a ceramic resonator.

Cy
0OSCH1 T' ljr
=

Co
osc2 # =l

Frequency Manufacturer

C.,C,
Product Type Recommended Value

4.194 MHz

Co., Ltd.

Murata Manufacturing | CSTLS4M19G53-B0| 15 pF (on-chip)

CSTLS4M19G56-B0| 47 pF (on-chip)

Figure5.3 Typical Connection to Ceramic Resonator

523 External Clock Input Method

Connect an external clock signal to pin OSC1, and leave pin OSC2 open. Figure 5.4 shows a
typical connection. The duty cycle of the external clock signal must be 45 to 55%.

0OSsC1

0SsC2

Open

— | | | | | | External clock input

Figure5.4 Example of External Clock Input

RENESAS
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524 Selecting On-Chip Oscillator for System Clock

The on-chip oscillator is selected by the input level on the IRQAEC pin during a reset*. The
selection of the system clock oscillator or on-chip oscillator for the system clock is as listed in
table 5.1. The level being input on the IRQAEC pin during a reset should be fixed to either Vcc or
GND, depending on the oscillator type to be selected. The level will be determined upon reset
cancellation

When the on-chip oscillator for the system clock is selected, connection of a resonator to OSC1 or
OSC2 is not necessary. In this case, the OSCI pin should be fixed to Vcc or GND. The OSC2 pin
should be left open.

Notes: When programming or erasing the flash memory, e.g. by on-board programming, the
system clock oscillator should always be selected. Use of the on-chip emulator requires
either a connected resonator or the supply of an external clock signal, even if the on-chip
oscillator for the system clock is selected.

* This reset represents an external reset or power-on reset, but not a reset by the
watchdog timer.

Table5.1 Selection of the System Clock Oscillator or On-Chip Oscillator for the System

Clock
IRQAEC Input Level Oscillator of System Clock Pulse
(During a Reset) Generator Circuit OSCF IRQAECF
Low System clock oscillator 0 0
High On-chip oscillator for system clock 1 1
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53 Subclock Gener ator

Subclocks can be supplied either by connecting a crystal resonator, or by providing external clock

input.

531 Connecting 32.768-kHz/38.4-kHz Crystal Resonator

Figure 5.5 shows an example of connection to a 32.768-kHz or 38.4-kHz crystal resonator. Notes
in section 5.5.2, Notes on Board Design, also apply to this connection.

X1 ?CFI—”‘T

Note: Consult with the crystal resonator manufacturer
to determine the circuit constants.

Frequency Manufacturer Product Name | Equivalent Series Resistance
38.4 kHz Epson Toyocom C-4-TYPE 30 kQ (max.)
32.768 kHz Epson Toyocom C-001R 35 kQ (max.)

Cq=C2=7pF (typ.)

Figure5.5 Typical Connection to 32.768-kHz/38.4-kHz Crystal Resonator

1. When using a resonator other than the above, ensure optimal conditions by conducting
sufficient evaluation of consistency in cooperation with the manufacturer of the resonator.
Even if the above resonators or products equivalent to them are implemented, their oscillation
characteristics are affected by the board design. Be sure to use the actual board to evaluate

consistency as a system.

The consistency as a system has to be verified not only in a reset state (i.e., the RES pin is

driven low) but also in a state where a reset state has been exited (i.e., the low-level RES signal

has been driven high).
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Figure 5.6 shows the equivalent circuit of the crystal resonator.

X1<+—9 X2

Co C o= 0.9 pF (typ.)
Rg=50kQ (typ.)
Oy =32.768 kHz/38.4kHz

Figure5.6 Equivalent Circuit of 32.768-kHz Crystal Resonator

532 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
in figure 5.7.

X1
747' GND

X2 ——  Open

Figure5.7 Pin Connection when not Using Subclock
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533 How to Input the External Clock

Connect the external clock to the X1 pin and leave the X2 pin open, as shown in figure 5.8.

X1 ‘ ‘ ‘ ‘ ‘ ‘ External clock input

X2 p———— Open

Figure5.8 Pin Connection when Inputting External Clock

Frequency Subclock (¢w)

Duty 45% to 55%
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54 Prescalers

This LSI has two prescalers (prescaler S and prescaler W), and each has its own input clock signal.

Prescaler S is a 17-bit counter that has the system clock (¢) as its input clock. Its prescaled outputs
provide the internal clock signals that drive the on-chip peripheral modules.

Prescaler W is an 8-bit counter that has a frequency-divided signal (¢,,/4) derived from the watch
clock (¢,,) as its input clock. Its prescaled outputs provide the internal clock signals that drive the
on-chip peripheral modules.

54.1 Prescaler S

Prescaler S is a 17-bit counter using the system clock (¢) as its input clock. A divided output is
used as an internal clock of an on-chip peripheral module. Prescaler S is initialized to H'00000 at a
reset, and starts counting up on exit from the reset state. Prescaler S stops and is initialized to
H'00000 in standby mode, watch mode, subactive mode, and subsleep mode. The CPU cannot
read from or write to prescaler S.

The output from prescaler S is shared by the on-chip peripheral modules. In active (medium-
speed) mode and sleep mode (medium-speed), the clock input to prescaler S is determined by the
division ratio designated by the MA1 and MAO bits in SYSCR2.

54.2 Prescaler W

Prescaler W is an 8-bit counter that has a frequency-divided signal (¢,,/4) derived from the watch
clock (¢,,) as its input clock. This signal is further divided to produce internal clock signals for the
on-chip peripheral modules. Prescaler W is initialized to H'00 by a reset, and starts counting up on
exit from the reset state. Prescaler W stops in standby mode, but continues to operate in watch
mode, subactive mode, and subsleep mode.
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55 Usage Notes

5.5.1 Note on Resonators and 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 a resonator, 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. Figure
5.9 shows an example of crystal and ceramic resonator arrangement.

<
Q
o

m

1

1
)

i ][ ey *

<
w
w

3
L

Figure5.9 Exampleof Crystal and Ceramic Resonator Arrangement
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Figure 5.10 (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
5.10 (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
|1 ° || °
11 l 0OSC1 LI OSC1
C, = C,
77 % o =
| —3 0sc2 || I 0sC2
C, \ C,
77T 7

Negative resistance,
addition of -R

(1) Negative Resistance Measuring Circuit

Modification
point

SR

OSCH

_.O j—

]
o—il——o

0SC2

o —
N

(3) Oscillator Circuit Modification Suggestion 2

(2) Oscillator Circuit Modification Suggestion 1

Modification
point

0OSC1

| 0sc2

(4) Oscillator Circuit Modification Suggestion 3

Figure5.10 Negative Resistance Measurement and Circuit M odification Suggestions
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55.2 Notes on 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 5.11).

Avoid —— Signal A Signal B

c
0SsC1 T | |1—”|7
= c
0sC2 T

Figure5.11 Example of Incorrect Board Design

Note: When a crystal 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.

55.3 Definition of Oscillation Stabilization Wait Time

Figure 5.12 shows the oscillation waveform (OSC2), system clock (¢), and microcontroller
operating mode when a transition is made from standby mode, watch mode, or subactive mode, to
active (high-speed/medium-speed) mode, with a resonator connected to the system clock
oscillator.

As shown in figure 5.12, 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 Stabilization 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
(0SC2)

System clock

(9)

Oscillation
start time

Wait time

Standby mode,
Operating  watch mode,
mode or subactive
mode

Active (high-speed) mode or

Oscillation stabilization wait time active (medium-speed) mode

Interrupt accepted

Figure5.12 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 bits in SYSCRI to
specify the time longer than the oscillation stabilization time (t,).

Therefore, 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, 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.

554 Note on 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.
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5.5.5 Note on the Oscillation Stabilization of Resonators

When a microcontroller 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 fluctuations in
the power supply potential. In this state, the oscillation waveform may be disrupted, leading to an
unstable system clock and incorrect operation of the microcontroller.

If incorrect operation occurs, change the setting of the standby timer select bits 3 to 0 (STS3 to
STSO0) (bit 0 in the system control register 3 (SYSCR3) and bits 6 to 4 in the system control
register 1 (SYSCR1)) to give a longer wait time.

For example, if incorrect operation occurs with a wait time setting of 1,024 states, check the
operation with a wait time setting of 2,048 states or more. If the same kind of incorrect operation
occurs after a reset as after a state transition, hold the RES pin low for a longer period.

5.5.6 Note on Using On-Chip Power-On 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 23, Power-On Reset Circuit.

55.7 Note on Using the On-Chip Emulator

When using the on-chip emulator, programming and erasure of the flash memory require an
accurate system clock signal. The frequency of the on-chip oscillator for the system clock varies
according to voltage and temperature conditions. Thus, when the on-chip emulator is in use, a
resonator must be connected between the OSC1 and OSC2 pins or an external clock signal must
be supplied. In this case, the on-chip emulator is driven by the on-chip oscillator for the system
clock in the execution of user programs, and by the system clock oscillator in the programming
and erasure of the flash memory. This selection is achieved by fixing the level of the IRQAEC pin
to the low level during the reset period of the on-chip emulator.
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Section 6 Power-Down Modes

This LSI has eight modes of operation after a reset. These include a normal active (high-speed)
mode and seven power-down modes, in which power consumption is significantly reduced. The
module 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, ds/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, ¢ /16, ¢os/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: In this manual, active (high-speed) mode and active (medium-speed) mode are collectively

called active mode, and sleep (high-speed) mode and sleep (medium-speed) mode are
collectively called sleep mode.
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6.1 Register Descriptions
The registers related to power-down modes are as follows.

e System control register 1 (SYSCR1)
e System control register 2 (SYSCR2)
e System control register 3 (SYSCR3)
¢ Clock halt registers 1 to 3 (CKSTPR1 to CKSTPR3)

6.1.1 System Control Register 1 (SYSCR1)

SYSCRI controls the power-down modes with SYSCR2 and SYSCR3.

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 6.2.
6 STS2 0 R/W  Standby Timer Select 2 to 0
5 STSH 0 R/W Specify the time the CPU and peripheral modules wait
4 STSO 0 R/W  for stable clock operation after exiting from standby

mode, subactive mode, or watch mode to active mode
or sleep mode. These bits should be specified together
with the STS3 bit in SYSCRS3 according to the operating
frequency so that the wait 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 6.1.

When an external clock is to be used, the minimum
value (STS3 =0, STS2 =1, STS1=0, STS0 =1) is
recommended. When the on-chip oscillator for the
system clock is to be used, four states (STS3 =1, STS2
=1,STS1 =0, STSO = 1) are recommended. If a
setting other than the recommended value is made,
operation may start before the end of the wait time.
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Bit

Bit Name

Initial
Value

R/W

Description

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 (¢,,)

TMAS3

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 6.2.

MA1
MAO

R/W
RW

Active Mode Clock Select 1 and 0

Select the operating clock 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: ¢os/16
10: ¢oe/32
11: ¢, /64

RENESAS
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6.1.2 System Control Register 2 (SYSCR2)

SYSCR2 controls the power-down modes with SYSCR1 and SYSCR3.

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
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 bit
to 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,
TMAS3, and LSON in SYSCR1 and bit MSON in
SYSCR2. For detalils, see table 6.2.

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 SA0 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: Setting prohibited
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6.1.3

System Control Register 3 (SYSCR3)

SYSCR3 controls the power-down modes with SYSCR1 and SYSCR2.

Bit

Bit Name

Initial
Value

R/W

Description

7t01

All1

Reserved

These bits are always read as 1 and cannot be
modified.

STS3

0

R/W

Standby Timer Select 3

Specifies the time the CPU and peripheral modules wait
for stable clock operation after exiting from standby
mode, subactive mode, or watch mode to active mode
or sleep mode. This bit should be specified together
with the STS2 to STSO0 bits in SYSCR1 according to the
operating frequency so that the wait 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 6.1.

When an external clock is to be used, the minimum
value (STS3 =0, STS2=1,STS1=0,STS0=1) is
recommended. When the on-chip oscillator for the
system clock is to be used, four states (STS3 =1, STS2
=1,STS1 =0, STSO = 1) is recommended. If a setting
other than the recommended value is made, operation
may start before the end of the wait time.

RENESAS
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Table6.1 Operating Frequency and Wait Time
Bit Number of Operating Frequency and Wait Time
STS3 STS2 STS1 STSO Wait States 10 MHz 8 MHz 6 MHz 5 MHz 4.194 MHz 3 MHz 2 MHz
0 0 0 0 8,192 states  819.2 1,024.0 1,365.3 1,638.4 1,953.3 2,730.7 4,096.0
0 0 0 1 16,384 states  1,638.4 2,048.0 2,730.7 3,276.8  3,906.5 5,461.3 8,192.0
0 0 1 0 1,024 states 102.4 128.0 170.7 204.8 244.2 341.3 512.0
0 0 1 1 2,048 states  204.8 256.0 341.3 409.6 488.3 682.7 1,024.0
0 1 0 0 4,096 states  409.6 512.0 682.7 819.2 976.6 1,365.3 2,048.0
0 1 0 1 2 states 0.2 0.3 0.3 0.4 0.5 0.7 1.0
(external clock
input)
0 1 1 0 8 states 0.8 1.0 1.3 1.6 1.9 2.7 4.0
0 1 1 1 16 states 1.6 2.0 2.7 3.2 3.8 5.3 8.0
1 0 0 0 256 states 25.6 32.0 42.7 51.2 61.0 85.3 128.0
1 0 0 1 512 states 51.2 64.0 85.3 102.4 1221 170.7 256.0
1 0 1 0 32,768 states  3,276.8 4,096.0 5,461.3 6,553.6  7,813.1 10,922.7 16,384.0
1 0 1 1 65,536 states  6,553.6 8,192.0 10,922.7 13,107.2 15,626.1 21,845.3 32,768.0
1 1 0 0 131,072 states 13,107.2 16,384.0 21,8453 26,214.4 31,252.3 43,690.7 65,536.0
1 1 0 1 4 states 0.4 0.5 0.7 0.8 1.0 1.3 2.0
1 1 1 0 32 states 3.2 4.0 5.3 6.4 7.6 10.7 16.0
1 1 1 1 128 states 12.8 16.0 21.3 25.6 30.5 42.7 64.0
Note: Time unitis ps.

When an external clock is input, bits STS3 to STS0 should be set as external clock input
mode before mode transition is executed. When an external clock is not used, these bits
should not be set as external clock input mode.
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6.1.4

Clock Halt Registers1to 3 (CKSTPR1to CKSTPR3)

CKSTPRI1, CKSTPR2, and CKSTPR3 allow the on-chip peripheral modules to enter the standby
state in module units.

Bit

CKSTPR1

Bit Name

Initial
Value

R/W

Description

7

S4CKSTP*'#

1

R/W

SCl4 Module Standby

The SCI4 enters standby mode when this bit is cleared to
0.

S31CKSTP

R/W

SCI3_1 Module Standby**

The SCI3_1 enters standby mode when this bit is cleared
to 0.

S32CKSTP

R/W

SCI3_2 Module Standby**

The SCI3_2 enters standby mode when this bit is cleared
to 0.*'

ADCKSTP

R/W

A/D Converter Module Standby

The A/D converter enters standby mode when this bit is
cleared to 0.

R/W

Reserved
This bit can be read from or written to.

TFCKSTP

R/W

Timer F Module Standby
Timer F enters standby mode when this bit is cleared to 0.

FROMCK
STP*'+

R/W

Flash Memory Module Standby

Flash memory enters standby mode when this bit is cleared
to 0. When the addresses H'000000 to H'0000FF of the
flash memory space is accessed while this bit is set to 0,
the RAM emulation function is enabled and the addresses
H'FFFCO00 to H'FFFCFF of the RAM space can be
accessed. For details, see section 7.4, Using RAM to
Emulate Flash Memory.

The RAM emulation function is supported only by the F-
ZTAT version.

0

RTCCKSTP

R/W

RTC Module Standby
RTC enters standby mode when this bit is cleared to 0.

Rev. 2.00 Jul. 04, 2007 Page 107 of 692
RENESAS REJ09B0309-0200



Section 6 Power-Down Modes

e CKSTPR2
Initial

Bit Bit Name Value R/W Description

7 ADBCKSTP 1 R/W Address Break Module Standby
The address break enters standby mode when this bit is
cleared to 0.

6 TPUCKSTP 1 R/W TPU Module Standby
The TPU enters standby mode when this bit is cleared to
0.

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

4 PW2CKSTP 1 R/W PWM2 Module Standby
The PWM2 enters standby mode when this bit is cleared
to 0.

3 AECCKSTP 1 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 PW1CKSTP 1 R/W PWM1 Module Standby
The PWM1 enters standby mode when this bit is cleared
to 0.

0 LDCKSTP 1 R/W LCD Module Standby

The LCD controller/driver enters standby mode when this
bit is cleared to 0.
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e CKSTPR3
Initial
Bit Bit Name Value R/W Description
7 S33CKSTP 1 R/wW SCI3_3 Module Standby**
The SCI3_3 enters standby mode when this bit is cleared
to 0.
6 TCCKSTP 1 R/W Timer C Module Standby
The timer C enters standby mode when this bit is cleared
to 0.
5 TGCKSTP 1 R/W Timer G Module Standby
The timer G enters standby mode when this bit is cleared
to 0.
4 PWA4CKSTP 1 R/W PWM4 Module Standby
The PWM4 enters standby mode when this bit is cleared
to 0.
3 PW3CKSTP 1 R/W PWMS3 Module Standby
The PWM3 enters standby mode when this bit is cleared
to 0.
2to0 — A0  — Reserved
These bits are always read as 0 and cannot be modified.
Notes: 1. This bit is always read as 1 and cannot be modified in the masked ROM version.
2. When the SCI3 module standby is set, all registers in the SCI3 enter the reset state.
3. This bit must be set to 1 when the on-chip emulator is used.
4. 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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6.2 Mode Transitions and Statesof L S|

Figure 6.1 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. The program execution state is recovered from the program halt state by an interrupt.
A direct transition between active mode and subactive mode, which are both program execution
states, can be made without halting the program. The operating frequencies can be changed in the
same mode by a direct transition from active mode to active mode, or from subactive mode to
subactive mode. RES input enables transitions from a mode to the reset state. Table 6.2 shows the
transition conditions of each mode after the SLEEP instruction is executed and a mode to return
by an interrupt. Table 6.3 shows the internal states of the LSI in each mode.
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Reset state

Program
execution state

Program
halt state

I SLEEP

! ]
Program | SLEEP | _instruction @!
iinstruction Active | Sleep
halt state (high-speed | (high-speed)
mode) <—:—©—|— mode
Standby

SLEEP
instruction

\ . .
instruction!
Active v Sleep
(medium-speed) | (medium-speed)
SLEEP ! mode (83— mode
instruction J E
SLEEP' '
instruction !
1
i 1
.SfEEP SLEEP !
instruction/t/" instruction H
! SLEEP ' i
instruction i !
1 ! 1
P Y | SLEEP C)i
instruction | Subactive | _instruction\r | Subsleep
1 1
——— mode - O— mode
1 1 1 1
| N ———— ! 1

— : 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 * 0 @ |NMI, IRQO, IRQ1, IRQ3, IRQ4, IRQAEC,
® 0 1 0 * 0 WKPO to WKP7, RTC, WDT, AEC, Timer C,
© 1 * 0 1 0 Timer F, Timer G
@ 0 * 1 0 0 @ All interrupts except for TPU, IIC2, A/D, address
® * * 1 1 0 break interrupts
® 0 0 0 * 1 ® |Allinterrupts
©) 0 1 0 * 1 @ |NMI, IRQO, IRQ1, IRQ3, IRQ4, IRQAEC,
® 0 1 1 1 1 WKPO to WKP7, WDT, AEC
@ 1 1 1 1
D 0 0 1 1 1
* Don't care

Note: A transition between different modes cannot be made to occur simply because an interrupt

request is generated. Make sure to enable the interrupt request.

Figure6.1 Mode Transition Diagram
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Table6.2 Transition Mode after SLEEP Instruction Execution and Interrupt Handling

Transition
Mode after
State SLEEP Transition
Before Instruction Mode due to Symbol in
Transition LSON MSON SSBY TMA3 DTON Execution Interrupt Figure 6.1
Active 0 0 0 X 0 Sleep Active (high- a
(high- (high- speed) mode
speed) speed)
mode mode
0 1 0 X 0 Sleep Active b
(medium-  (medium-
speed) speed) mode
mode
0 0 1 0 0 Standby  Active (high- d
mode speed) mode
0 1 1 0 0 Standby Active d
mode (medium-
speed) mode
0 0 1 1 0 Watch Active (high- e
mode speed) mode
0 1 1 1 0 Watch Active e
mode (medium-
speed) mode
1 X 1 1 0 Watch Subactive mode e
mode
0 0 0 X 1 Active — —
(high-
speed)
mode
(direct
transition)
0 1 0 X 1 Active — g
(medium-
speed)
mode
(direct
transition)
1 X 1 1 1 Subactive — [
mode
(direct
transition)
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Transition
Mode after
State SLEEP Transition
Before Instruction Mode due to Symbol in
Transition LSON MSON SSBY TMA3 DTON Execution Interrupt Figure 6.1
Active 0 0 0 X 0 Sleep Active (high- a
(medium- (high- speed) mode
speed) speed)
mode mode
0 1 0 X 0 Sleep Active b
(medium-  (medium-
speed) speed) mode
mode
0 0 1 0 0 Standby Active (high- d
mode speed) mode
0 1 1 0 0 Standby Active d
mode (medium-
speed) mode
0 0 1 1 0 Watch Active (high- e
mode speed) mode
0 1 1 1 0 Watch Active e
mode (medium-
speed) mode
1 1 1 1 0 Watch Subactive mode e
mode
0 0 0 X 1 Active — f
(high-
speed)
mode
(direct
transition)
0 1 0 X 1 Active — —
(medium-
speed)
mode
(direct
transition)
1 X 1 1 1 Subactive — i
mode
(direct
transition)
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State
Before

Transition
Mode after
SLEEP

Instruction

Transition LSON MSON SSBY TMA3 DTON Execution

Transition
Mode dueto  Symbolin
Interrupt Figure 6.1

Subactive 1 X
mode

0

0 Subsleep
mode

Subactive mode ¢

0 Watch
mode

Active (high- e
speed) mode

0 Watch
mode

Active e
(medium-
speed) mode

0 Watch
mode

Subactive mode e

1 Active
(high-
speed)
mode
(direct
transition)

1 Active
(medium-
speed)
mode
(direct
transition)

1 Subactive
mode
(direct
transition)

[Legend]
x: Don't care
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Table6.3 Internal Statein Each Operating Mode

Active Mode Sleep Mode
Medium- Medium- Subactive  Subsleep Stand-by
Function High-speed speed High-speed speed Watch Mode Mode Mode Mode
System clock oscillator Functioning Functioning Functioning  Functioning  Halted Halted Halted Halted
Subclock oscillator Functioning/ Functioning/ Functioning/ Functioning/  Functioning  Functioning Functioning  Functioning/
halted halted halted halted halted
CPU Instructions Functioning Functioning Halted Halted Halted Functioning Halted Halted
RAM Retained Retained Retained Retained Retained
Registers
l[e} Retained*'
External NMI Functioning Functioning Functioning  Functioning  Functioning  Functioning Functioning Functioning
interrupts  |gQo
IRQ1
IRQ3
IRQ4
IRQAEC
WKPO to WKP7
Peripheral  Timer C Functioning Functioning Functioning  Functioning ~ Functioning/  Functioning/ Functioning/ Retained
modules retained** retained**  retained*
Timers F, G Functioning/  Functioning/ Functioning/ Retained
retained** retained*®  retained*’
Asynchronous Functioning  Functioning Functioning  Functioning
event counter
RTC Functioning/  Functioning/ Functioning/ Retained
retained*® retained**  retained*’
TPU Retained Retained Retained Retained
WDT Functioning/  Functioning/  Functioning/  Functioning/
retained** retained*’ retained** retained*®
SCI3/IrDA Reset Functioning/  Functioning/  Reset
retained*® retained*®
lic2 Retained Retained Retained Retained
PWM
A/D converter
LCD Functioning/  Functioning/  Functioning/
retained*’ retained*’ retained*’
Address break Retained Retained Retained Functioning Retained

Notes: 1. Register contents are retained. Output is the high-impedance state.
Functioning if ¢,/4, ¢,/256, or ¢,/1024 is selected as an internal clock. Halted and retained otherwise.

Functioning if ¢,,/4 is selected as an internal clock. Halted and retained otherwise.

> wn

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

Functioning if the on-chip WDT oscillator is selected. Halted and retained otherwise.
Functioning if ¢,,/2 is selected as an internal clock. Halted and retained otherwise.

Functioning if ¢,,, ¢,/2, or ¢,/4 is selected as an internal clock. Halted and retained otherwise.

® N o o

Functions if the RTC operation is selected as a clock source. Halted and retained for the free-running counter.
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6.2.1 Sleep Maode

In sleep mode, CPU operation is halted but the system clock oscillator, on-chip oscillator for the
system clock, subclock oscillator, and on-chip peripheral modules continues operating. In sleep
(medium-speed) mode, the on-chip peripheral modules function at the clock frequency set by the
MAT1 and MAQO bits in SYSCR1. CPU register contents are retained.

Sleep mode is cleared by an interrupt. When an interrupt is requested, sleep mode is cleared and
interrupt exception handling starts. Sleep mode is not cleared if the I bit in CCR is set to 1 or the
requested interrupt is disabled by the interrupt enable bit. After sleep mode is cleared, a transition
is made from sleep (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.

6.2.2 Standby Mode

In standby mode, the system clock oscillator and on-chip oscillator for the system clock is halted,
so the CPU and on-chip peripheral modules except for WDT and asynchronous event counter stop
functioning. However, as long as the rated voltage is supplied, the contents of CPU registers and
some on-chip peripheral 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 I/O ports go to the
high-impedance state.

Standby mode is cleared by an interrupt. When an interrupt is requested, the system clock
oscillator and on-chip oscillator for the system clock start. After the time set in the STS2 to STSO
bits in SYSCRI1 and the STS3 bit in SYSCR3 has elapsed, standby mode is cleared and interrupt
exception handling starts. After standby mode is cleared, a transition is made to active (high-
speed) or active (medium-speed) mode according to the MSON bit in SYSCR2. Standby mode is
not cleared if the I bit in CCR is set to 1 or the requested interrupt is disabled by the interrupt
enable bit.

When a reset source is generated in standby mode, the system clock oscillator and the on-chip
oscillator for the system clock start. The RES pin 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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6.2.3 Watch Mode

In watch mode, the system clock oscillator, on-chip oscillator for the system clock, and CPU
operation stop and on-chip peripheral modules stop functioning except for the WDT, RTC, timer
C, timer F, timer G, asynchronous event counter, and LCD controller/driver. 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 I/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, a transition is
made to active (high-speed) mode, active (medium-speed) mode, or subactive mode depending on
the settings of the LSON bit in SYSCR1 and the MSON bit in SYSCR2. When the transition is
made to active mode, after the time set in the STS2 to STSO bits in SYSCRI1 and the STS3 bit in
SYSCR3 has elapsed, interrupt exception handling starts. Watch mode is not cleared if the I bit in
CCR s set to 1 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. The RES pin
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.

6.2.4 Subsleep Mode

In subsleep mode, the CPU operation stops but on-chip peripheral modules other than the TPU,
A/D converter, PWM, IIC2, and address break continue running. As long as a required voltage is
applied, the contents of CPU registers, the on-chip RAM, and some registers of the on-chip
peripheral modules are retained. I/O ports keep the same states as before the transition.

Subsleep mode is cleared by an interrupt. When an interrupt is requested, subsleep mode is cleared
and interrupt exception handling starts. After subsleep mode is cleared, a transition is made to
subactive mode. Subsleep mode is not cleared if the I bit in CCR is set to 1 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. The RES pin
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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6.2.5 Subactive M ode

In subactive mode, the system clock oscillator and the on-chip oscillator for the system clock stop
functioning but on-chip peripheral modules other than the A/D converter, PWM, TPU, and IIC2
continue to operate. As long as a required 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 subacitve mode is cleared, a transition
to subsleep mode, active mode, or watch mode is made, depending on the combination of bits
SSBY, LSON, and TMA3 in SYSCRI1 and bits MSON and DTON in SYSCR2.

When a reset source is generated in subactive mode, the system clock oscillator starts. The RES
pin 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.

The operating frequency of subactive mode is selected from ¢,,/2, ¢,,/4, and ¢,,/8 by the SA1 and
SAOQ bits in SYSCR2. After the SLEEP instruction is executed, the operating frequency changes to
the frequency which is set before the execution.

6.2.6 Active (Medium-Speed) Mode

In active (medium-speed) mode, the clock set by the MA1 and MAO bits in SYSCRI1 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 TMA3 in SYSCRI, a transition to watch mode is made depending on the
combination of bits SSBY and TMA3 in SYSCRI, or a transition to sleep mode is made
depending on the combination of bits SSBY and LSON in SYSCRI1. Moreover, a transition to
active (high-speed) mode or subactive mode is made by a direct transition. When a reset source is
generated in active (medium-speed) mode, the CPU goes into the reset state and active (medium-
sleep) mode is cleared.
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6.3 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 SYSCR2 to 1 to execute a SLEEP
instruction. After the mode transition, direct transition interrupt exception handling starts.

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

6.3.1 Direct Transition from Active (High-Speed) Modeto Active (M edium-Speed) Mode

When a SLEEP instruction is executed in active (high-speed) mode while the SSBY and LSON
bits in SYSCRI1 are cleared to 0 and the MSON and DTON bits in 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 26, Electrical Characteristics.
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6.3.2 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 bits in SYSCRI1 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).

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 26, Electrical Characteristics.

6.3.3 Direct Transition from Active (Medium-Speed) Modeto Active (High-Speed) M ode

When a SLEEP instruction is executed in active (medium-speed) mode while the SSBY and
LSON bits in SYSCRI1 are cleared to 0, the MSON bit in SYSCR?2 is cleared to 0, and the DTON
bit in SYSCR?2 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).

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 26, Electrical Characteristics.
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6.34 Direct Transition from Active (Medium-Speed) M ode to Subactive M ode

When a SLEEP instruction is executed in active (medium-speed) mode while the SSBY, LSON,
and TMAZ3 bits in SYSCRI 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).

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) ...... “)

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 26, Electrical Characteristics.

6.3.5 Direct Transition from Subactive Mode to Active (High-Speed) Mode

When a SLEEP instruction is executed in subactive mode while the SSBY and TMAZ3 bits in
SYSCRI1 are set to 1, the LSON bit in SYSCRI1 is cleared to 0, the MSON bit in SYSCR2 is
cleared to 0, and the DTON bit in SYSCR?2 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 STSO 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 STSO) + (Number of interrupt exception handling execution
states) x (tcyc after transition) ............oevveiiiiiiiiiiiiiiiiiie (®))

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) x 1tosc = 24tw + 8206tosc

For the legend of symbols used above, refer to section 26, Electrical Characteristics.
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6.3.6 Direct Transition from Subactive Mode to Active (Medium-Speed) Mode

When a SLEEP instruction is executed in subactive mode while the SSBY and TMA3 bits in
SYSCRI are set to 1, the LSON bit in SYSCRI1 is cleared to 0, and the MSON and DTON bits in
SYSCR?2 are set to 1, a transition is made directly to active (medium-speed) mode via watch mode
after the waiting time set in bits STS2 to STSO in SYSCRI 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) ............oeeveiiiiiiiiiiiiiiiiii e (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 26, Electrical Characteristics.
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6.3.7 Notes on External Input Signal Changes befor e/after Direct Transition
(1) Direct transition from active (high-speed) mode to subactive mode

Since the mode transition is performed via watch mode, see section 6.5.2, Notes on External Input
Signal Changes before/after Standby Mode.

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

Since the mode transition is performed via watch mode, see section 6.5.2, Notes on External Input
Signal Changes before/after Standby Mode.

(3) Direct transition from subactive modeto active (high-speed) mode

Since the mode transition is performed via watch mode, see section 6.5.2, Notes on External Input
Signal Changes before/after Standby Mode.

(4) Direct transition from subactive modeto active (medium-speed) mode

Since the mode transition is performed via watch mode, see section 6.5.2, Notes on External Input
Signal Changes before/after Standby Mode.

6.4 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
module in CKSTPR1 to CKSTPR3 and cancels the mode by setting the bit to 1 (see section 6.1.4,
Clock Halt Registers 1 to 3 (CKSTPRI1 to CKSTPR3)).
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6.5 Usage Notes

6.5.1 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 bits in SYSCRI are set to 1 and the LSON bit in SYSCRI1 is
cleared to 0, a transition 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 6.2 shows
the timing in this case.

o B I I R O O B
Internal data bus XSLEEP instruction fetchX Next instruction fetch X E
SLEEP instruction execution  _Internal processing
Pins Port output X High-impedance

Active (high-speed) mode or active (medium-speed) mode J‘ Standby mode

Figure6.2 Standby Mode Transition and Pin States
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6.5.2 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, IRQ, WKP, or IRQAEC is input, 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). As the internal clock stops in 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.

(2) When External Input Signals cannot be Captured because Internal Clock Stops
The case of falling edge capture is shown in figure 6.3.

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

(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 teyc Or 2 tsubeye are necessary before a transition is made to standby mode or watch mode, as
shown in "Capture possible: case 1."

External input signal capture is also possible with the timing shown in "Capture possible: case 2"
and "Capture possible: case 3," in which a 2 tyc or 2 taubeye level width is secured.
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. Active (high-speed, medium-speed) Standby mode or ?Ill\g:gaor 0S¢ Active (high-speed, medium-speed)
Operating mode | mode or subactive mode watch mode stabilization mode or subactive mode
tcyc H tcyc | tCyC | H H tCYC
_ ‘subcyc 1 lsubeyc 1 tsubcyc H H L tsubcyc -

(

E . . Lo . E
o or ogyp | | | | | [ | Y E Y E I_I I_I |
I I
Capture possible: case 1 ! ' ' ) ' Y ' |

: : : (t [ G : :
Capture possible: case 2 | 1 1 ) 1 ) 1 1 |
1 ( 1 ( 1 1 j
Capture possible: case 3 ' ' ' Y ' Y ' ' i I_
! ! ' . I : :
Capture not possible ; : H Y H Y l

Interrupt by different signal

Figure 6.3 External Input Signal Capturewhen Signal Changes befor e/after Standby Mode
or Watch Mode

(4) Input Pinsto which these Notes Apply

NMI, IRQO, IRQI, IRQ3, IRQ4, IRQAEC, WKP0to WKP7, TMIC, TMIF, TMIG, ADTRG,
TIOCA1, TIOCB1, TIOCA2, and TIOCB2.
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Section 7 ROM

The features of the 128-Kbyte flash memory built into the flash memory (F-ZTAT) version are
summarized below.

e Programming/erase methods

The flash memory is programmed 128 bytes at a time. Erase is performed in single-block units.
The flash memory is configured as follows: 1 Kbyte x 4 blocks, 28 Kbytes x 1 block, 16
Kbytes x 1 block, 8 Kbytes x 2 blocks, and 32 Kbytes x 2 blocks. To erase the entire flash
memory, each block must be erased in turn.

e On-board programming
On-board programming/erasing can be done in boot mode, in which the boot program built

into the chip is started to erase or program of the entire flash memory. In normal user program
mode, individual blocks can be erased or programmed.

e Programmer mode

Flash memory can be programmed/erased in programmer mode using a PROM programmer,
as well as in on-board programming mode.

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/erasing.

e Power-down mode
Operation of the power supply circuit can be partly halted in subactive mode. As a result, flash
memory can be read with low power consumption.

e Module standby mode
Use of module standby mode enables this module to be placed in standby mode independently
when not used (for details, see section 6.4, Module Standby Function). When the on-chip
debugger is in use, the bit 1 (FROMCKSTP) in the clock stop register 1 (CKSTPR1) must be
set to 1.
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7.1 Block Configuration

Figure 7.1 shows the block configuration of flash memory. The thick lines indicate erasing units,
the narrow lines indicate programming units, and the values are addresses. The 128-Kbyte flash
memory is divided into 1 Kbyte x 4 blocks, 28 Kbytes x 1 block, 16 Kbytes x 1 block, 8 Kbytes x

2 blocks, and 32 Kbytes x 2 blocks . Erasing is performed in these units. Programming is
performed in 128-byte units starting from an address with lower eight bits H'00 or H'80.

EBO H000000 | H000001 ! H000002 ! = Programming unit: 128 bytes — ' H00007F
Erase unit T T T T
1 Kbyte ! ! ! !
H'000380 ' H'000381 ! H000382 @'  — — — — — — — — — — ' H'0003FF
EBT H000400 ' H'000401 ' H000402 ' ~— Programming unit: 128 bytes —= ' H'00047F
Erase unit T T - U
1 Kbyte 5 5 5 5
H'000780 ' H'000781 ' H000782 @'  — — — — — — — — — — ' H0007FF
EB2 H000800 | H000801 ' H000802 ' —— Programming unit: 128 bytes — ' H00087F
Erase unit T T T T
1 Kbyte
H'000B80 ' H'000B8Y ! HO00B82 ' W — — — — — — — — — — ' H'000BFF
EB3 H000C00 ! H000CO1 ' H000C02 : =— Programming unit: 128 bytes — ' H000C7F
Erase unit ' ' ' '
1 Kbyte ! ! ! !
H'O00F80 ! H'000F81 ! HO0OF82 |  — — — — — — — — — — ' H'000FFF
EB4 H001000 | H001001 | H001002 | ~—Programming unit: 128 bytes — | 100107F
Erase unit T T T :
28 Kbytes ; ; ; 5
H007F80 ! H'007F81 ! HO07F82 @  — — — — — — — — — — ' HO007FFF
EB5 H'008000 ! H'008001 ! H'008002 ! —=— Programming unit: 128 bytes = ' H'00807F
Erase unit ' ' ! |
16 Kbytes ! ! ! !
HOOBF80 ! H'00BF81 ' HOOBF82 !  — — — — — — — — — — ' HOOBFFF
EB6 H'00C000 | H'00C001 ' H'00C002 | ~— Programming unit: 128 bytes — ' H00CO7F
Erase unit ' ' ' '
8 Kbytes ! ! ! !
HOODF80 ! H'0ODF81 ! HOODF82 !  — — — — — — — — — — ' H'00DFFF
EB7 H'00E000 E H'00E001 E H'00E002 E ~— Programming unit: 128 bytes — E H'00EQ7F
Erase unit T T T T
8 Kbytes ! ! ! !
HOOFF80 ' H'OOFF81 ! HOOFF82 @'  — — — — — — — — — — ' HOOFFFF
EB8 H'010000 | HO010001 ' H010002 ' ~— Programming unit: 128 bytes — ' HO01007F
Erase unit T T T |
32 Kbytes ! ! ! !
HO17F80 ! HO17F81 ! HO17F82 |  — — — — — — — — — — ' HO17FFF
EB9 H018000 | H'018001 ' H018002 ' ~— Programming unit: 128 bytes — ! H'01807F
Erase unit : : : :
32 Kbytes ; ; ; T
HO1FF80 ' HOIFF81 ! HOIFF82 @' — — — — — — — — — — ' HO1FFFF

Figure7.1 Flash Memory Block Configuration
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7.2 Register Descriptions

The flash memory has the following registers.

7.2.

Flash memory control register 1 (FLMCR1)
Flash memory control register 2 (FLMCR?2)

Erase block register 1 (EBR1)
Erase block register 2 (EBR2)

Flash memory power control register (FLPWCR)

Flash memory enable register (FENR)

1 Flash Memory Control Register 1 (FLMCR1)

FLMCRI is a register that makes the flash memory change to program mode, program-verify
mode, erase mode, or erase-verify mode. For details on register setting, refer to section 7.5, Flash
Memory Programming/Erasing.

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/erasing 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 changes to
the erase setup state. When it is cleared to 0O, the erase
setup state is cancelled. Set this bit to 1 before setting
the E bit to 1 in FLMCRH1.

4 PSU 0 R/W Program Setup

When this bit is set to 1, the flash memory changes to
the program setup state. When it is cleared to 0, the
program setup state is cancelled. Set this bit to 1 before
setting the P bit in FLMCR1.
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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 changes to
erase-verify mode. When it is cleared to 0, erase-verify
mode is cancelled.

2 PV 0 R/W Program-Verify

When this bit is set to 1, the flash memory changes to
program-verify mode. When it is cleared to 0, program-
verify mode is cancelled.

1 E 0 R/W Erase

When this bit is set to 1 while SWE=1 and ESU=1, the
flash memory changes to erase mode. When it is
cleared to 0, erase mode is cancelled.

0 P 0 R/W Program

When this bit is set to 1 while SWE=1 and PSU=1, the
flash memory changes to program mode. When it is
cleared to 0, program mode is cancelled.

722 Flash Memory Control Register 2 (FLMCR2)

FLMCR?2 is a register that displays the state of flash memory programming/erasing. FLMCR?2 is a
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 an operation
on flash memory (programming or erasing). When
FLER is set to 1, flash memory goes to the error-
protection state.

See section 7.6.3, Error Protection, for details.

6to0 — All O — Reserved
These bits are always read as 0.
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7.2.3

Erase Block Register 1 (EBR1)

EBRI1 is a register that is used to specify the flash memory erase area block. EBR1 is initialized to
H'00 when the SWEI1 bit in FLMCRI1 is 0. Do not set more than one bit in EBR1 and EBR2 to 1 at
a time, or this will cause all the bits in EBR1 and EBR2 to be automatically cleared to O.

Initial
Bit Bit Name  Value R/W Description
7 EB7 0 R/W When this bit is set to 1, 8 Kbytes of EB7 (H'0O0E000 to
H'00FFFF) will be erased.
6 EB6 0 R/W When this bit is set to 1, 8 Kbytes of EB6 (H'00C000 to
H'00DFFF) will be erased.
5 EB5 0 R/W When this bit is set to 1, 16 Kbytes of EB5 (H'008000 to
H'00BFFF) will be erased.
4 EB4 0 R/W When this bit is set to 1, 28 Kbytes of EB4 (H'001000 to
H'007FFF) will be erased.
3 EB3 0 R/W When this bit is set to 1, 1 Kbyte of EB3 (H'000C00 to
H'000FFF) will be erased.
2 EB2 0 R/W When this bit is set to 1, 1 Kbyte of EB2 (H'000800 to
H'000BFF) will be erased.
1 EB1 0 R/W When this bit is set to 1, 1 Kbyte of EB1 (H'000400 to
H'0007FF) will be erased.
0 EBO 0 R/W When this bit is set to 1, 1 Kbyte of EBO (H'000000 to
H'0003FF) will be erased.
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724 Erase Block Register 2 (EBR2)

EBR?2 is a register that is used to specify the flash memory erase area block. EBR?2 is initialized to
H'00 when the SWEI1 bit in FLMCRI1 is 0. Do not set more than one bit in EBR1 and EBR2 to 1 at
a time, or this will cause all the bits in EBR1 and EBR2 to be automatically cleared to O.

Initial
Bit Bit Name  Value R/W Description
7t02 — AllO R/(W) Reserved
The initial value should not be changed.
1 EB9 0 R/W When this bit is set to 1, 32 Kbytes of EB9 (H'018000 to
H'01FFFF) will be erased.
0 EB8 0 R/W When this bit is set to 1, 32 Kbytes of EB8 (H'010000 to

H'017FFF) will be erased.

7.25 Flash Memory Power Control Register (FLPWCR)

FLPWCR enables or disables a transition to the flash memory power-down mode when the LSI
switches to 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 a transition 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 — All O — Reserved
These bits are always read as 0.
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7.2.6 Flash Memory Enable Register (FENR)

Bit 7 (FLSHE) in FENR enables or disables the CPU access to the flash memory control registers,
FLMCRI, FLMCR?2, EBR1, EBR2, 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.

7.3 On-Board Programming M odes

There are two modes for programming/erasing of the flash memory; boot mode, which enables on-
board programming/erasing, and programmer mode, in which programming/erasing is performed
with a PROM programmer. On-board programming/erasing can also be performed in user
program mode. At reset-start in reset mode, this LSI changes to a mode depending on the TEST
pin settings, NMI pin settings, and input level of each port, as shown in table 7.1. The input level
of each pin must be defined four states before the reset ends.

When changing to boot mode, the boot program built into this LSI is initiated. The boot program
transfers the programming control program from the externally-connected host to on-chip RAM
via SCI3 (channel 1). After erasing the entire flash memory, the programming control program is
executed. This can be used for programming initial values in the on-board state or for a forcible
return when programming/erasing can no longer be done in user program mode. In user program
mode, individual blocks can be erased and programmed by branching to the user program/erase
control program prepared by the user.
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Table7.1  Setting Programming Modes

TEST NMI P36 PBO PB1 PB2 LSI State after Reset End
0 1 X X X X User mode

0 0 1 X X X Boot mode

1 X X 0 0 0 Programmer mode
[Legend]

x: Don't care

7.3.1 Boot Mode

Table 7.2 shows the boot mode operations between reset end and branching to the programming
control program.

1.

When boot mode is used, the flash memory programming control program must be prepared in
the host beforehand. Prepare a programming control program in accordance with the
description in section 7.5, Flash Memory Programming/Erasing.

SCI3 should be set to asynchronous mode, and the transfer format as follows: 8-bit data, 1 stop
bit, and no parity. The inversion function of TXD and RXD pins by SPCR is set to “Not to be
inverted,” so do not put the circuit for inverting a value between the host and this LSI.

When the boot program is initiated, the chip measures the low-level period of asynchronous
SCI communication data (H'00) transmitted continuously from the host. The chip then
calculates the bit rate of transmission from the host, and adjusts the SCI3 bit rate to match that
of the host. The reset should end with the RXD pin high. The RXD and TXD pins should be
pulled up on the board if necessary. After the reset is complete, it takes approximately 100
states before the chip is ready to measure the low-level period.

After matching the bit rates, the chip transmits one H'00 byte to the host to indicate the
completion of bit rate adjustment. The host should confirm that this adjustment end indication
(H'00) has been received normally, and transmit one H'55 byte to the chip. If reception could
not be performed normally, initiate boot mode again by a reset. Depending on the host's
transfer bit rate and system clock frequency of this LSI, there will be a discrepancy between
the bit rates of the host and the chip. To operate the SCI properly, set the host's transfer bit rate
and system clock frequency of this LSI within the ranges listed in table 7.3.

In boot mode, a part of the on-chip RAM area is used by the boot program. The area H'FFF380
to HFFFETF is the area to which the programming control program is transferred from the
host. The boot program area cannot be used until the execution state in boot mode switches to
the programming control program.
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6. Before branching to the programming control program, the chip terminates transfer operations
by SCI3 (by clearing the RE and TE bits in SCR to 0), however the adjusted bit rate value
remains set in BRR. Therefore, the programming control program can still use it for transfer of
program data or verify data with the host. The TXD pin is high (PCR42 =1, P42 = 1). The
contents of the CPU general registers are undefined immediately after branching to the
programming control program. These registers must be initialized at the beginning of the
programming control program, as the stack pointer (SP), in particular, is used implicitly in
subroutine calls, etc.

7. Boot mode can be cleared by a reset. End the reset after driving the reset pin low, waiting at
least 20 states, and then setting the NMI pin. Boot mode is also cleared when a WDT overflow
occurs.

8. Do not change the TEST pin and NMI pin input levels in boot mode.
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Table7.2 Boot Mode Operation

I Host Operation Communication Contents LSI Operation
2 Processing Contents Processing Contents
é Branches to boot program at reset-start.
8
=
Q
g Boot program initiation
k]
o
3 |
: f \ \ ) \
Continuously transmits data H'00 H'00, H'00 - - - H'00 . . .
- at specified bit rate. » * Measures low-level period of receive data
GE) H'00.
@  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
@ is received error-free. - end indication.
©
[ H'S5 » H'55 reception.
i v
(2]
o
° H'FF
> Boot program - Checks flash memory data, erases all flash
8 v erase error memory blocks in case of written data
@ existing, and transmits data H'AA to host.
€ HAA (If erase could not be done, transmits data
§ H'AA reception — H'FF to host and aborts operation.)
o
B e + *
8e ) Upper bytes, lower bytes |
£9 Transmits number of bytes (N) of Echoback > Echobacks the 2-byte data
2 5| programming control programtobe < chobac received to host.
© ° transferred as 2-byte data
2 Z| (low-order byte following high-order
£ 8| byte)
2o
cc
BE H'XX Echobacks received data to host and also
o % Transmits 1-byte of programming Echoback > transfers it to RAM.
§ 5| control program (repeated for N times) (repeated for N times)
o
=1 l
HAA ) '
H'AA reception <t Transmits data H'AA to host.

\l
Branches to programming control program
transferred to on-chip RAM and starts
execution.
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Table7.3

Possible

Host Bit Rate

System Clock Frequency Range of LSI

System Clock Frequenciesfor which Automatic Adjustment of L SI Bit Rateis

9,600 bps 8 to 10 MHz
4,800 bps 4 t0 10 MHz
2,400 bps 2 to 10 MHz

732

Programming/Erasing in User Program Mode

On-board programming/erasing of an individual flash memory block can also be performed in user
program mode by branching to a user program/erase control program. The user must set branching
conditions and provide on-board means of supplying programming data. The flash memory must
contain the user program/erase control program or a program that provides the user program/erase
control program from external memory. As the flash memory itself cannot be read during
programming/erasing, transfer the user program/erase control program to on-chip RAM, as in boot
mode. Figure 7.2 shows a sample procedure for programming/erasing in user program mode.
Prepare a user program/erase control program in accordance with the description in section 7.5,
Flash Memory Programming/Erasing.

Reset-start

No

Program/erase?

/

Transfer user program/erase control
program to RAM

Branch to flash memory application
program

Branch to user program/erase control
program in RAM

Y

Execute user program/erase control
program (flash memory rewrite)

Y

Branch to flash memory application
program

Figure7.2 Sample Flowchart of Programming/Erasing in User Program Mode
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7.4 Using RAM to Emulate Flash Memory

To use on-chip RAM in the realtime emulation of data to be written to the flash memory, the on-
chip RAM area can be overlaid on several blocks of flash memory (the emulation area).

Figure 7.3 shows an example where an area of on-chip RAM is overlaid on the emulation area of
the flash memory.

1.

The area of on-chip RAM area to be overlaid on the emulation area (i.e. the overlay RAM
area) is fixed to the 256 bytes from H'FFFCO00 to HFFFCFF.

The block of flash memory on which the RAM can be overlaid (i.e. the emulation area) takes
up the 256 bytes from H'000000 to H'O000FF.

When the FROMCKSTP bit in CKSTPRI is cleared to 0, the flash memory enters standby
mode. The overlay RAM area is overlaid on the emulation area and becomes the target for
access when the emulation area of the flash memory is accessed.

The overlay RAM area can be accessed at both the addresses within the flash memory area and
the original RAM addresses. When using RAM emulation, a vector table is required for the
overlaid RAM area.

Overlaying of the on-chip RAM is canceled when the FROMCKSTP bit in CKSTPR1 is set,
taking the flash memory out of standby mode. This should only be done after execution has
made the transition from the emulation area to the RAM area.
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H'000000

H'0000FF

H'020000

HFFFC00

HFFFCFF

Flash memory
emulation area
(H'000000 to H'0000FF)
256 bytes

Flash memory

On-chip RAM
overlay area
256 bytes

Normal memory map

On-chip RAM
(shadow of H'FFFCO0O to
H'FFFCFF)

256 bytes

Not used

On-chip RAM
overlay area
256 bytes

Memory map with
overlaid RAM area

Figure7.3 AddressMap of Overlaid RAM Area

RENESAS
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7.5 Flash Memory Programming/Erasing

A software method using the CPU is employed to program and erase flash memory in the on-
board programming modes. Depending on the FLMCRI1 setting, the flash memory operates in one
of the following four modes: Program mode, program-verify mode, erase mode, and erase-verify
mode. The programming control program in boot mode and the user program/erase control
program in user program mode use these operating modes in combination to perform
programming/erasing. Flash memory programming and erasing should be performed in
accordance with the descriptions in section 7.5.1, Program/Program-Verify and section 7.5.2,
Erase/Erase-Verify, respectively.

751 Program/Program-Verify

When writing data or programs to the flash memory, the program/program-verify flowchart shown
in figure 7.4 should be followed. Performing programming operations according to this flowchart
will enable data or programs to be written to the flash memory without subjecting the chip to
voltage stress or sacrificing program data reliability.

1. Programming must be done to an empty address. Do not reprogram an address to which
programming has already been performed.

2. Programming should be carried out 128 bytes at a time. A 128-byte data transfer must be
performed even if writing fewer than 128 bytes. In this case, H'FF data must be written to the
extra addresses.

3. Prepare the following data storage areas in 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 7.4, and additional programming data
computation according to table 7.5.

4. Consecutively transfer 128 bytes of data in byte units from the reprogramming data area or
additional-programming data area to the flash memory. The program address and 128-byte
data are latched in the flash memory. The lower 8 bits of the start address in the flash memory
destination area must be H'00 or H'S0.

5. The time during which the P bit is set to 1 is the programming time. Table 7.6 shows the
allowable programming times.

6. The watchdog timer (WDT) is set to prevent overprogramming due to program runaway, etc.
An overflow cycle of approximately 6.6 ms is allowed.

7. For a dummy write to a verify address, write 1-byte data HFF to an address whose lower 2

bits are B'00. Verify data can be read in words or in longwords from the address to which a
dummy write was performed.
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8. The maximum number of repetitions of the program/program-verify sequence of the same bit
is 1,000.

Write pulse application subroutine
Apply Write Pulse START

] [ Set SWE bit in FLMCR1 |
¥

WDT enable

[ Wait 1 us ]

[ Set PSU bit in FLMCR1 |
]

® Store 128-byte program data in program |
| Wait 50 s | data area and reprogram data area
[ ne1 |
[ Set P bitin FLMCR1 | ¥
[ me<0 |

|Wait (Wait time=programming time) |

] Write 128-byte data in RAM reprogram
| Clear P bit in FLMCR1 | data area consecutively to flash memot
i
[ Wait 5 us | I Apply Write pulse I
[ Set PV bitin FLMCR1 |

[ clearPsubitin FLMCRT |

[ Wait 4 us |
[ Wait 5 us | 7

| Set block start address as |
[ Disable WDT ] verify address

End Sub [HFF dummy write to verify address |
]
[ Wait 2 us ] )*

1]
[ Read verify data |
Increment address
Verify data =
write data?
Yes;

[ Additional-programming data computation |

[ Reprogram data computation |

[_Clear PV bitin FLMCR1__|
¥

[ Wait 2 us |

Yes

Successively write 128-byte data from additional-|
programming data area in RAM to flash memory
ub-Routine-Cal
[ Apply Write Pulse 1

@ No Yes

es o
[ Clear SWE bitin FLMCR1 | [ Clear SWE bitin FLMCR1 ]

¥ 1
[ Wait 100 ps ] | Wait 100 pus |

¥
End of programming

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

Figure 7.4 Program/Program-Verify Flowchart
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Table7.4 Reprogram Data Computation Table

Program Data Verify Data Reprogram Data Comments

0 0 1 Programming completed
0 1 0 Reprogram bit

1 0 1 —

1 1 1 Remains in erased state

Table7.5 Additional-Program Data Computation Table

Additional-Program

Reprogram Data Verify Data Data Comments

0 0 0 Additional-program bit

0 1 1 No additional programming
1 0 1 No additional programming
1 1 1 No additional programming

Table7.6  Programming Time

n Programming In Additional

(Number of Writes) Time Programming Comments
1t06 30 10

7 to 1,000 200 —

Note: Time shown in ps.
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752 Erase/Erase-Verify

When erasing flash memory, the erase/erase-verify flowchart shown in figure 7.5 should be
followed.

1. Prewriting (setting erase block data to all Os) is not necessary.

Erasing is performed in block units. Make only a single-bit specification in the erase block
register 1 (EBR1) or the erase block register 2 (EBR2). To erase multiple blocks, each block
must be erased in turn.

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

The watchdog timer (WDT) is set to prevent overerasing due to program runaway, etc. An
overflow cycle of approximately 19.8 ms is allowed.

For a dummy write to a verify address, write 1-byte data H'FF to an address whose lower two
bits are B'00. Verify data can be read in longwords from the address to which a dummy write
was performed.

If the read data is not erased successfully, set erase mode again, and repeat the erase/erase-
verify sequence as before. The maximum number of repetitions of the erase/erase-verify
sequence is 100.

753 Interrupt Handling when Programming/Erasing Flash Memory

All interrupts, including the NMI interrupt, are disabled while flash memory is being programmed
or erased, or while the boot program is executing, for the following three reasons:

1.

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

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

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

| Wait 1 us |
|
T

| n«1 |
1

| Set EBR1 |
I
'

[ Enable WDT. |
T

l ESU bit « 1 |
1

| Wait 100 s |
T

| E bit « 1 |
T

| Wait 10 ms |
T

[ E bit — 0 |
T

I Wait 10 s ]
T

[ ESU bit < 0 |
T

| 10 us |
1

| Disable WDT |
]

| EV bit « 1 |
T

| Wait 20 us |
i

| Set block start address as verify address |
|1
| H'FF dummy write to verify address |

| Wait 2 us | )*
I

| Read verify data |

No

| Increment address |

No

Last address of block ?

l EV bit < 0 | l EV bit < 0 |
1 1

| Wait 4 us | | Wait 4us

No

All erase block erased ?

| SWE bit < 0 | [ SWE bit < 0 |

1 1
| Wait 100 us | | Wait 100 us |
End of erasing

Note: * The RTS instruction must not be used during a period between dummy writing of H'FF to a verify address and verify data reading.

Figure7.5 Erase/Erase-Verify Flowchart
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7.6 Program/Erase Protection

There are three kinds of flash memory program/erase protection; hardware protection, software
protection, and error protection.

7.6.1 Hardwar e Protection

Hardware protection refers to a state in which programming/erasing of flash memory is forcibly
disabled or aborted because of a transition to reset, subactive mode, subsleep mode, or standby
mode. Flash memory control register 1 (FLMCR1), flash memory control register 2 (FLMCR?2),
erase block register 1 (EBR1), and erase block register 2 (EBR2) are initialized. In a reset via the
RES pin, the reset state is not entered unless the RES pin is held low until oscillation stabilizes
after powering on. In the case of a reset during operation, hold the RES pin low for the RES pulse
width specified in the AC Characteristics section.

7.6.2 Softwar e Protection

Software protection can be implemented against programming/erasing of all flash memory blocks
by clearing the SWE bit in FLMCR1. When software protection is in effect, setting the P or E bit
in FLMCRI does not cause a transition to program mode or erase mode. By setting the erase block
register 1 (EBR1) or the erase block register 2 (EBR2), erase protection can be set for individual
blocks. When EBR1 and EBR2 are set to H'00, erase protection is set for all blocks.

7.6.3 Error Protection

In error protection, an error is detected when CPU runaway occurs during flash memory
programming/erasing, or operation is not performed in accordance with the program/erase
algorithm, and the program/erase operation is forcibly aborted. Aborting the program/erase
operation prevents damage to the flash memory due to overprogramming or overerasing.

When the following errors are detected during programming/erasing of flash memory, the FLER
bit in FLMCR?2 is set to 1, and the error protection state is entered.

e When the flash memory of the relevant address area is read during programming/erasing
(including vector read and instruction fetch)
e Immediately after exception handling excluding a reset during programming/erasing

e When a SLEEP instruction is executed during programming/erasing
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The FLMCR1, FLMCR2, EBR1, and EBR2 settings are retained, however program mode or erase
mode is aborted at the point at which the error occurred. Program mode or erase mode cannot be
re-entered by re-setting the P or E bit. However, PV and EV bit settings are retained, and a
transition can be made to verify mode. Error protection can be cleared only by a reset.

7.7 Programmer Mode

In programmer mode, a PROM programmer can be used to perform programming/erasing via a
socket adapter, just as a discrete flash memory. Use a PROM programmer that supports the MCU
device type with the on-chip 128-Kbyte flash memory (FZTAT128V3).

7.8 Power-Down Statesfor Flash Memory
In user mode, the flash memory will operate in either of the following states:

e Normal operating mode
The flash memory can be read and written to at high speed.
e Power-down operating mode

The power supply circuit of flash memory can be partly halted. As a result, flash memory can
be read with low power consumption.

e Standby mode

All flash memory circuits are halted.

Table 7.7 shows the correspondence between the operating modes of this LSI 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
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 returns to its normal operating state, bits
STS3 to STSO in SYSCR1 and SYSCR3 must be set to provide a wait time of at least 20 ps, even
when the external clock is in use.
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Table7.7 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
Sleep mode Normal operating mode Normal operating mode
Subactive mode Power-down mode Normal operating mode
Subsleep mode Standby mode Standby mode

Module standby mode* Standby mode Standby mode
Standby mode Standby mode Standby mode

Note: * When the flash memory returns to its normal operating state, a wait time of not less than
100 ps is required.

7.9 Notes on Setting Module Standby Mode

When the flash memory is set to enter 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
program operation 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 module standby mode.

When the RAM emulation is not in use, if an interrupt is generated in module standby mode, the
vector address cannot be fetched. As a 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 I bit in CCR should be set to 1. Then after
the flash memory enters module standby mode, NMI and address break interrupt requests should
not be generated. Figure 7.6 shows a module standby mode setting when the RAM emulation is
not used.
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Transfer execution program
to RAM (user area)

Clear corresponding bit in
interrupt enable register to 0

Set | bitin CCRto 1

Jump to address of
execution program in RAM

Clear FROMCKSTP
bit in CRSTPR1 to 0

Figure7.6 Module Standby Mode Setting when RAM Emulation isnot Used

When the RAM emulation is used (an interrupt vector is provided), if an interrupt is generated in
module standby mode, the vector address can be set by assigning the interrupt vector to the RAM,
and this prevents the program to run away. For details, see section 7.4, Using RAM to Emulate
Flash Memory.
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Section 8§ RAM

Microcontrollers of the H8/38099 Group include an on-chip high-speed static RAM. The RAM is

connected to the CPU via a 16-bit data bus, enabling two-cycle access by the CPU to both byte
and word data.

Product Classification RAM Size RAM Address Ranges

Flash memory version H8/38099F 4 Kbytes  H'FFCF80 to H'FFD37F, H'FFF380 to H'FFFF7F

Masked ROM version  H8/38099 4 Kbytes H'FFCF80 to H'FFD37F, H'FFF380 to H'FFFF7F
H8/38098 2 Kbytes H'FFF780 to H'FFFF7F
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Section 9 1/0 Ports

Microcontrollers of the H8/38099 Group incorporate 75 general I/O ports and eight general input-
only ports. Port 9 is a large current port, which can drive 15 mA (@V, = 1.0 V) when a low level
signal is output. Any of these ports can become an input port immediately after a reset. They can
also be used as I/O 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 I/O ports and those included in each on-
chip peripheral module. General I/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, I/O Port Block Diagrams.

9.1 Port 1

Port 1 is an I/O port; its pins can also be configured to function as an SCI4 I/O pin, TPU I/O pins,
and asynchronous event counter input pins. Figure 9.1 shows the pin configuration.

~<—> P16/SCK4

~<—> P15/TIOCB2
~<—> P14/TIOCA2/TCLKC
P13/TIOCB1/TCLKB
<—> P12/TIOCA1/TCLKA
<—> P11/AEVL

Port 1

~<—> P10/AEVH

Figure9.1 Port 1 Pin Configuration
Port 1 has the following registers.

e Port data register 1 (PDR1)

e Port control register 1 (PCR1)

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

PDRI1 is a register that stores data of port 1.

Initial
Bit Bit Name Value R/W Description
7 — 1 — Reserved
This bit is always read as 1 and cannot be modified.
6 P16 0 R/W If port 1 is read while PCR1 bits are set to 1, the values
5 P15 0 R/W stored in PDR1 are read, regardless pf the actual pin
states. If port 1 is read while PCR1 bits are cleared to 0,
4 P14 0 R/W the pin states are read.
3 P13 0 R/W
2 P12 0 R/W
1 P11 0 R/W
0 P10 0 R/W

9.1.2 Port Control Register 1 (PCR1)

PCRI1 selects inputs/outputs in bit units for pins to be used as general I/O ports of port 1.

Initial

Bit Bit Name Value R/W Description
7 — 1 — Reserved

This bit is always read as 1 and cannot be modified.
6 PCR16 0 w Setting a PCR1 bit to 1 makes the corresponding pin
5 PCR15 0 W (P16 to P10) an output pin, while clearing the bit to 0

makes the pin an input pin. The settings in PCR1 and in
4 PCR14 0 W PDR1 are valid when the corresponding pin is
3 PCR13 0 w designated as a general 1/O pin.
2 PCR12 0 w PCR1 is a write-only register. These bits are always
1 PCR11 0 w read as 1.
0 PCR10 0 w
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9.1.3 Port Pull-Up Control Register 1 (PUCR1)

PUCRI1 controls the pull-up MOS of the port 1 pins in bit units.

Initial
Bit Bit Name Value R/W Description
7 — 1 — Reserved
This bit is always read as 1 and cannot be modified.
6 PUCR16 0 R/W When a PCR1 bit is cleared to 0, setting the
5 PUCR15 0 R/W corresponding PUCR1 bit to 1 turns on the pull-up MOS
for the corresponding pin, while clearing the bit to 0
4 PUCR14 0 R/W turns off the pull-up MOS.
3 PUCR13 O R/W
2 PUCR12 0 R/W
1 PUCR11 0 R/W
0 PUCR10 O R/W

914 Port Mode Register 1 (PMR1)

PMRI controls the selection of functions for port 1 pins.
Initial

Bit Bit Name Value R/W Description

7to2 — All1 — Reserved

These bits are always read as 1 and cannot be
modified.

1 AEVL 0 R/W P11/AEVL Pin Function Switch

Selects whether pin P11/AEVL is used as P11 or as
AEVL.

0: P11 1/O pin
1: AEVL input pin
0 AEVH 0 R/W P10/AEVH Pin Function Switch

Selects whether pin P10/AEVH is used as P10 or as
AEVH.

0: P10 1/O pin
1: AEVH input pin
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9.1.5 Pin Functions
The relationship between the register settings and the port functions is shown below.

e P16/SCK4 pin

Register Name SCSR4+' PCR1 Pin Function
Bit Name CKS3*' CKS2 to CKS0*' PCR16
Setting Value 1! Other than B'111%' 0 P16 input pin
1 P16 output pin
B'111% X SCK4 input pin**
0*' X' X SCK4 output pin**?
[Legend]
x: Don't care

Notes: 1. Supported only by the F-ZTAT™ version.
2. Only port function is available for the masked ROM version.
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e PI5/TIOCB?2 pin
Register TMDR_2 TIOR_2 TCR_2 PCR1 Pin Function
Name
Bit Name MD1, MDO I0OB3 to I0BO CCLR1, PCR15
CCLRO
Setting B'00 B'0x00 B'xx 0 P15 input pin
Value 1 P15 output pin
B'1xxx 0 P15 input/TIOCB2 input pin
1 P15 output/TIOCB2 input pin
B'0001 to B'0011, X TIOCB2 output pin
B'0101 to B'0111
B'01 B'xxxx 0 P15 input pin
1 P15 output pin
B'10 0 P15 input pin
1 P15 output pin
B'11 B'xx00 0 P15 input pin
1 P15 output pin
Other than B'xx00 B'10 0 P15 input pin
1 P15 output pin
Other than X TIOCB2 output pin
B'10
[Legend]
x: Don't care
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e P14/TIOCA2/TCLKC pin

Register TMDR_2 TIOR_2 TCR_2 PCR1 Pin Function
Name
Bit Name MD1, I0A3 to IOA0 CCLRt{, PCR14
MDO CCLRO
Setting B'00 B'0x00 B'xx 0 P14 input pin/
Value TCLKC*" input pin
1 P14 output pin/
TCLKC*'input pin
B'1xxx 0 P14 input pin/TIOCA2/
TCLKC*' input pin
1 P14 output pin/TIOCA2/
TCLKC*' input pin
B'0001 to B'0011, X TIOCAZ2 output pin**/
B'0101 to B'0111 TCLKC*' input pin
B'01 B'xxxx 0 P14 input pin/TCLKC*" input pin
1 P14 output pin/TCLKC*'input pin
B'10 B'xx00 0 P14 input pin/TCLKC*" input pin
1 P14 output pin/TCLKC*' input pin
Other than B'xx00 X TIOCAZ2 output pin**/
TCLKC*' input pin
B'11 B'xx00 0 P14 input pin/TCLKC*'input pin
1 P14 output pin/TCLKC*' input pin
Other than B'xx00 B'01 0 P14 input pin/TCLKC*" input pin
1 P14 output pin/TCLKC*' input pin
Other than X TIOCAZ2 output pin/
B'01 TCLKC*" input pin
[Legend]
x: Don't care

Notes: 1. When the TPSC2 to TPSCO bits in TCR_2 are set to B'110, the pin function becomes
the TCLKC input pin.

2. The output of the TIOCB2 pin is disabled.
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e P13/TIOCB1/TCLKB pin

Register TMDR_1 TIOR_1 TCR_1 PCR1 Pin Function
Name
Bit Name MD1, 10B3 to I0BO CCLR1, PCR13
MDO CCLRO
Setting B'00 B'0x00 B'xx 0 P13 input pin/TCLKB* input pin
Value 1 P13 output pin/TCLKB* input pin
B'1xxx 0 P13 input pin/TIOCB1/TCLKB* input pin
1 P13 output pin/TIOCB1/TCLKB* input pin
B'0001 to X TIOCB1 output pin/TCLKB* input pin
B'0011,
B'0101 to
B'0111
B'0O1 B'xxxx 0 P13 input pin/TCLKB* input pin
1 P13 output pin/TCLKB* input pin
B'10 0 P13 input pin/TCLKB* input pin
1 P13 output pin/TCLKB* input pin
B'11 B'xx00 0 P13 input pin/TCLKB* input pin
1 P13 output pin/TCLKB* input pin
Other than B'10 0 P13 input pin/TCLKB* input pin
Bx00 1 P13 output pin/TCLKB* input pin
Other than X TIOCB1 output pin/TCLKB* input pin
B'10
[Legend]
x: Don't care

Note: * When the TPSC2 to TPSCO bits in either TCR_1 or TCR_2 are set to B'101, the pin
function becomes the TCLKB input pin.
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e P12/TIOCA1/TCLKA pin

Register TMDR_1 TIOR_A1 TCR_1 PCR1 Pin Function
Name
Bit Name [(MD1, MDO |I0A31to IOA0 | CCLR{, PCR12
CCLRO
Setting B'00 B'0x00 B'xx 0 P12 input pin/TCLKA*" input pin
Value 1 P12 output pin/TCLKA*' input pin
B'1xxx 0 P12 input pin/TIOCA1/TCLKA*" input pin
1 P12 output pin/TIOCA1/TCLKA*" input pin
B'0001 to X TIOCA1 output pin**/TCLKA*" input pin
B'0011,
B'0101 to
B'0111
B'01 B'xxxx 0 P12 input pin/TCLKA*" input pin
1 P12 output pin/TCLKA*' input pin
B'10 B'xx00 0 P12 input pin/TCLKA*" input pin
1 P12 output pin/TCLKA*' input pin
Other than X TIOCA1 output pin**/TCLKA*" input pin
B'xx00
B'11 B'xx00 0 P12 input pin/TCLKA*" input pin
1 P12 output pin/TCLKA*' input pin
Other than B'01 0 P12 input pin/TCLKA*" input pin
Bx00 1 P12 output pin/TCLKA*" input pin
Other than X TIOCA1 output pin/TCLKA*" input pin
B'01
[Legend]
x: Don't care

Notes: 1. When the TPSC2 to TPSCO bits in either TCR_1 or TCR_2 are set to B'100, the pin
function becomes the TCLKA input pin.

2. The output of the TIOCB1 pin is disabled.
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e PI1I/AEVL pin

Register Name PMR1 PCR1 Pin Function
Bit Name AEVL PCR11
Setting Value 0 0 P11 input pin
1 P11 output pin
1 X AEVL input pin
[Legend]
x: Don't care

e P10/AEVH pin

Register Name PMR1 PCR1 Pin Function
Bit Name AEVH PCR10
Setting Value 0 0 P10 input pin
1 P10 output pin
1 X AEVH input pin
[Legend]
x: Don't care

9.1.6 Input Pull-Up MOS

Port 1 has an on-chip input pull-up MOS function that can be controlled by software. When a
PCR1 bit is cleared to 0, setting the corresponding PUCRI1 bit to 1 turns on the input pull-up MOS
for that pin. The input pull-up MOS function is in the off state after a reset.

(n=6100)
PCR1n 0 1
PUCR1n 0 1 X
Input Pull-Up MOS Off On Off
[Legend]
x: Don't care
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9.2 Port 3

Port 3 is an I/O port; its pins can also be configured to function as an SCI4 I/O pin, SCI3_2 I/O
pin, IIC2 I/O pin, and RTC output pin. Figure 9.2 shows the pin configuration.

Port 3

[<—> P37/S04

<—> P36/Sl4

[~<—> P32/TXD32/SCL

[<—> P31/RXD32/SDA

~<+—> P30/SCK32/TMOW/CLKOUT

Figure9.2 Port 3 Pin Configuration

Port 3 has the following registers.

e Port data register 3 (PDR3)
e Port control register 3 (PCR3)

e Port pull-up control register 3 (PUCR3)

e Port mode register 3 (PMR3)

9.21 Port Data Register 3 (PDR3)

PDR3 is a register that stores data of port 3.

Initial
Bit Bit Name Value R/W Description
7 P37 0 R/W If port 3 is read while PCR3 bits are set to 1, the values
6 P36 0 R/W stored in PDR3 are read, regardless of the actual pin
states. If port 3 is read while PCRS3 bits are cleared to 0,
the pin states are read.
5t03 — All 1 — Reserved
These bits are always read as 1 and cannot be
modified.
2 P32 0 R/W If port 3 is read while PCR3 bits are set to 1, the values
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.
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9.2.2

Port Control Register 3 (PCR3)

PCR3 selects inputs/outputs in bit units for pins of port 3.

Bit

Initial
Bit Name Value

R/W

Description

PCR37 0
PCR36 0

w
w

Setting a PCR3 bit to 1 makes the corresponding pin
(P37 or P36) an output pin, while clearing the bit to 0
makes the pin an input pin. The settings in PCR3 and in
PDRS3 are valid when the corresponding pin is
designated as a general I/O pin.

PCR3 is a write-only register. These bits are always
read as 1.

5t03

— All1

Reserved

These bits are always read as 1 and cannot be
modified.

PCR32
PCR31
PCR30

=

Setting a PCRS bit to 1 makes the corresponding pins
(P32 to P30) an output pin, while clearing the bitto 0
makes the pin an input pin. The settings in PCR3 and in
PDR3 are valid when the corresponding pin is
designated as a general I/O pin.

PCR3 is a write-only register. These bits are always
read as 1.
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9.2.3 Port Pull-Up Control Register 3 (PUCR3)

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

Initial

Bit Bit Name Value R/W Description

7 PUCR37 O R/W When a PCR3 bit is cleared to 0, setting the

6 PUCR36 0 R/W corresponding PUCRS3 bit to 1 turns on the pull-up MOS
for the corresponding pin, while clearing the bit to 0
turns off the pull-up MOS.

5to 1 — All 1 — Reserved
These bits are always read as 1 and cannot be
modified.

0 PUCR30 O R/W When a PCR3 bit is cleared to 0, setting the

corresponding PUCRS3 bit to 1 turns on the pull-up MOS
for the corresponding pin, while clearing the bit to 0
turns off the pull-up MOS.

9.24 Port Mode Register 3 (PMR3)

PMR3 controls the selection of functions for port 3 pins.

Initial
Bit Bit Name Value R/W Description
7to1 — All 1 — Reserved
These bits are always read as 1 and cannot be
modified.
0 TMOW 0 R/W P30/SCK32/TMOW/CLKOUT Pin Function Switch

Selects whether pin P30/SCK32/TMOW/CLKOUT is
used as P30/SCK32 or as TMOW/CLKOUT.

0: P30/SCK32 1/O pin
1: TMOW/CLKOUT output pin
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9.25 Pin Functions

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

e P37/SO4 pin

Register Name SCR4*' PCR3 Pin Function
Bit Name TE*' PCR37
Setting Value 0*' 0 P37 input pin
1 P37 output pin
1% X S04 output pin**

[Legend]
x: Don't care

Notes: 1. Supported only by the F-ZTAT™ version.

2. Only port function is available for the masked ROM version.

e P36/SI4 pin

Register Name SCR4*' PCR3 Pin Function
Bit Name RE*' PCR36
Setting Value 0% 0 P36 input pin
1 P36 output pin
1% X Sl4 input pin*?

[Legend]
x: Don't care

Notes: 1. Supported only by the F-ZTAT™ version.

2. Only port function is available for the masked ROM version.
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e P32/TXD32/SCL pin

Register Name ICCRA1 PFCR SPCR PCR3 Pin Function
Bit Name ICE SC32S SPC32 PCR32
Setting Value 0 0 0 0 P32 input pin
1 P32 output pin
1 X TXD32 output pin
1 X 0 P32 input pin
1 P32 output pin
1 X X SCL I/O pin
[Legend]
x: Don't care
e P31/RXD32/SDA pin
Register Name ICCR1 PFCR SCR3_2 PCR3 Pin Function
Bit Name ICE SC32S RE PCR31
Setting Value 0 0 0 0 P31 input pin
1 P31 output pin
1 X RXD32 input pin
1 X 0 P31 input pin
1 P31 output pin
1 X X SDA 1/0 pin
[Legend]
x: Don't care
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e P30/SCK32/TMOW/CLKOUT pin

Register PMR3 PFCR SMR3_2 SCR3_2 PCR3 Pin Function
Name
Bit Name [TMOW [CLKOUT1 |[CLKOUTO |SC32S | COM CKE1 |CKEO [PCR30
Setting 0 X X 0 0 0 0 0 P30 input pin
Value 1 P30 output pin
1 X SCK32 output pin
1 0 SCK32 input pin
1 Setting prohibited
1 0 0 SCK32 output pin
1 Setting prohibited
1 0 SCK32 input pin
1 Setting prohibited
1 X X X 0 P30 input pin
1 P30 output pin
1 0 0 X X CLKOUT output pin (¢ye.)
1 CLKOUT output pin (¢,../2)
1 0 CLKOUT output pin (¢,../4)
1 TMOW output pin
[Legend]
x: Don't care
9.2.6 Input Pull-Up MOS

Port 3 has an on-chip input pull-up MOS function that can be controlled by software. When a
PCR3 bit is cleared to 0, setting the corresponding PUCR3 bit to 1 turns on the input pull-up MOS

for that pin. The input pull-up MOS function is in the off state after a reset.

(n=7,6,0)
PCR3n 0 1
PUCR3n 0 1 X
Input Pull-Up MOS Off On Off
[Legend]
x: Don't care
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9.3 Port 4

Port 4 is an I/O port; its pins can also be configured to function as SCI3_1 I/O pins and timer F I/O
pins. Figure 9.3 shows its pin configuration.

<—> P42/TXD31/IrTXD/TMOFH
[~<—> P41/RXD31/IrRXD/TMOFL
[<—> P40/SCK31/TMIF

Port 4

Figure9.3 Port 4 Pin Configuration
Port 4 has the following registers.

e Port data register 4 (PDR4)
e Port control register 4 (PCR4)
e Port mode register 4 (PMR4)

931 Port Data Register 4 (PDR4)

PDRA4 is a register that stores data of port 4.

Initial
Bit Bit Name Value R/W Description
7t03 — All 1 — Reserved
These bits are always read as 1 and cannot be
modified.
2 P42 0 R/W If port 4 is read while PCR4 bits are set to 1, the values
P41 0 R/W stored in PDR4 are read, regardless of the actual pin
states. If port 4 is read while PCR4 bits are cleared to 0,
0 P40 0 R/W

the pin states are read.
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932 Port Control Register 4 (PCR4)

PCRA4 selects inputs/outputs in bit units for pins to be used as general I/O ports of port 4.

Initial
Bit Bit Name Value R/W Description
7t03 — All 1 — Reserved
These bits are always read as 1 and cannot be
modified.
2 PCR42 0 w Setting a PCR4 bit to 1 makes the corresponding pin an
1 PCR41 0 W output pin, while clearing the bit to 0 makes the pin an
input pin. The settings in PCR4 and in PDR4 are valid
0 PCR40 0 W when the corresponding pin is designated as a general
1/0O pin.
PCR4 is a write-only register. These bits are always
read as 1.
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9.33 Port Mode Register 4 (PMR4)

PMRA4 controls the selection of functions for port 4 pins.

Initial
Bit Bit Name Value R/W Description
7103 — All 1 — Reserved
These bits are always read as 1 and cannot be
modified.
2 TMOFH 0 R/W P42/TXD31/IrTXD/TMOFH Pin Function Switch

Selects whether pin P42/TXD31/IrTXD/TMOFH is used
as P42 or TXD31/IrTXD, or as TMOFH.

0: P42 1/O pin or TXD31/IrTXD output pin
1: TMOFH output pin

1 TMOFL 0 R/W P41/RXD31/IrRXD/TMOFL Pin Function Switch

Selects whether pin P41/RXD31/IrRXD/TMOFL is used
as P41 or RXD31/IrRXD, or as TMOFL.

0: P41 1/O pin or RXD31/IrRXD input pin
1: TMOFL output pin

0 TMIF 0 R/W P40/SCK31/TMIF Pin Function Switch

Selects whether pin P40/SCK31/TMIF is used as
P40/SCK31 or as TMIF.

0: P40/SCK31 I/O pin
1: TMIF input pin
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9.34

Pin Functions

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

e P42/TXD31/IrTXD/TMOFH pin

Register PMR4 PFCR SPCR IrCR PCR4 Pin Function
Name
Bit Name TMOFH SC31S SPC31 IrE PCR42
Setting Value 0 0 0 X 0 P42 input pin
1 P42 output pin
1 0 X TXD31 output pin
1 IrTXD output pin
1 X X 0 P42 input pin
P42 output pin
1 X X TMOFH output pin
[Legend]
x: Don't care
e P41/RXD31/IrRXD/TMOFL pin
Register PMR4 PFCR SCR3_1 IrCR PCR4 Pin Function
Name
Bit Name TMOFL | SC31S RE IrE PCR41
Setting Value 0 0 0 X 0 P41 input pin
1 P41 output pin
1 0 X RXD31 output pin
IrRXD output pin
1 X X 0 P41 input pin
P41 output pin
1 X X TMOFL output pin
[Legend]
x: Don't care
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e P40/SCK31/TMIF pin

Register PMR4 PFCR | SMR3_1 SCR3_1 PCR4 Pin Function
Name
Bit Name TMIF SC31S COM CKE1 CKEO | PCR40
Setting Value 0 0 0 0 0 0 P40 input pin
1 P40 output pin
1 X SCK31 output pin
1 0 SCK31 input pin
1 Setting prohibited
1 0 0 SCK31 output pin
1 Setting prohibited
1 0 SCK31 input pin
1 Setting prohibited
1 X X X 0 P40 input pin
1 P40 output pin
1 X X TMIF input pin
[Legend]
x: Don't care
94 Port 5

Port 5 is an I/O port; its pins can also be configured to function as wakeup interrupt input pins and
LCD segment output pins. Figure 9.4 shows the pin configuration.

<—> P57/WKP7/SEG8
[<+—> P56/WKP6/SEG7
[<+—> P55/ \WKP5/SEG6
<—> P54/WKP4/SEG5

Port 5

~<—> P53/WKP3/SEG4
<+—> P52/WKP2/SEG3
[<+— P51/ WKP1/SEG2
<— P50/WKPO/SEG1

Figure9.4 Port 5 Pin Configuration
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Port 5 has the following registers.

e Port data register 5 (PDRS)

e Port control register 5 (PCRS5)
e Port pull-up control register 5 (PUCRS)
e Port mode register 5 (PMRS)

94.1 Port Data Register 5 (PDR5)

PDRS is a register that stores data of port 5.

Initial
Bit Bit Name Value R/W Description
7 P57 0 R/W If port 5 is read while PCR5 bits are set to 1, the values
6 P56 0 R/W stored in PDR5 are read, regardless _of the actual pin
states. If port 5 is read while PCR5 bits are cleared to 0,
5 P55 0 R/W the pin states are read.
4 P54 0 R/W
3 P53 0 R/W
2 P52 0 R/W
1 P51 0 R/W
0 P50 0 R/W

94.2 Port Control Register 5 (PCR5)

PCRS5 selects inputs/outputs in bit units for pins to be used as general I/O ports of port 5.

Initial

Bit Bit Name Value R/W Description
7 PCR57 0 w Setting a PCR5 bit to 1 makes the corresponding pin an
6 PCR56 0 W output pin, while clearing the bit to 0 makes the pin an

input pin. The settings in PCR5 and in PDR5 are valid
S PCRS55 0 W when the corresponding pin is designated as a general
4 PCR54 0 w 1/0 pin.
3 PCR53 0 W PCRS5 is a write-only register. These bits are always
> PCR52 0 W read as 1.
1 PCR51 0 w
0 PCR50 0 w
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9.4.3 Port Pull-Up Control Register 5 (PUCR5)

PUCRS controls the pull-up MOS of the port 5 pins in bit units.

Initial
Bit Bit Name Value R/W Description
7 PUCR57 O R/W When a PCRS5 bit is cleared to 0, setting the
6 PUCR56 0 R/W corresponding PUCRS5 bit to 1 turns on the pull-up MOS
for the corresponding pin, while clearing the bit to 0
S PUCR55 0 R/W turns off the pull-up MOS.
4 PUCR54 0 R/W
3 PUCR53 0 R/W
2 PUCR52 0 R/W
1 PUCR51 0 R/W
0 PUCR50 O R/W

94.4 Port Mode Register 5 (PMR5)

PMRS controls the selection of functions for port 5 pins.

Initial
Bit Bit Name Value R/W Description
7 WKP7 0 R/W P5n/WKPN/SEGn+1 Pin Function Switch
6 WKP6 0 R/W These bits select whether the pin is used as P5n or
5 WKP5 0 R/W WKPn when the pin is not used as SEGn+1 pin.
4 WKP4 0 R/W 0: P5n 1/O pin
3 WKP3 0 R/W 1: WKPn input pin
2 WKP2 0 R/W (n=710)
1 WKP1 0 R/W
0 WKPO 0 R/W
[Legend]

For details on the SEGn+1 output pin, refer to section 21.3.1, LCD Port Control Register (LPCR).
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9.4.5 Pin Functions

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

e P57/WKP7/SEGS8 to P54/WKP4/SEGS pins

(n=7104)
Register LPCR PMR5 PCR5 Pin Function
Name
Bit Name SGS3 to SGSO0 WKPn PCR5n
Setting Value B'000x, B'101x, B'11xx 0 0 P5n input pin
1 P5n output pin
1 0 WKPn input pin
1 Setting prohibited
Other than B'000x, X X SEGn+1 output pin
B'101x, B'11xx
[Legend]
x: Don't care
e P53/WKP3/SEG4 to P50/WKPO/SEGI pins
(m=3100)
Register LPCR PMR5 PCR5 Pin Function
Name
Bit Name SGS3 to SGSO0 WKPmM PCR5m
Setting Value | B'0000, B'1001, B'101x, 0 0 P5m input pin
BT 1xx 1 P5m output pin
1 0 WKPm input pin
1 Setting prohibited
Other than B'0000, X X SEGm-+1 output pin
B'1001, B'101x, B'11xx
[Legend]
x: Don't care
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9.4.6 Input Pull-Up MOS

Port 5 has an on-chip input pull-up MOS function that can be controlled by software. When the
PCRS5 bit is cleared to 0, setting the corresponding PUCRS bit to 1 turns on the input pull-up MOS

for that pin. The input pull-up MOS function is in the off state after a reset.

(n=7100)
PCR5n 0 1
PUCR5n 0 1 X
Input Pull-Up MOS Off On Off
[Legend]
x: Don't care
95 Port 6

Port 6 is an I/O pins; its pins can also be configured to function as LCD segment output pins.

Figure 9.5 shows the pin configuration.

<+—> PG67/SEG16
<—> P66/SEG15
[<+—> P65/SEG14
[~<—> P64/SEG13
~—> P63/SEG12

Port 6

~<+—> P62/SEG11
<—> P61/SEG10

~<—> P60/SEG9

Figure9.5 Port 6 Pin Configuration
Port 6 has the following registers.

e Port data register 6 (PDR6)
e Port control register 6 (PCR6)
e Port pull-up control register 6 (PUCRO6)
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951 Port Data Register 6 (PDR6)

PDRG6 is a register that stores data of port 6.

Initial
Bit Bit Name Value R/W Description
7 P67 0 R/W If port 6 is read while PCR6 bits are set to 1, the values
6 P66 0 R/W stored in PDR6 are read, regardless _of the actual pin
states. If port 6 is read while PCR® bits are cleared to 0,
S P65 0 R/W the pin states are read.
4 P64 0 R/W
3 P63 0 R/W
2 P62 0 R/W
1 P61 0 R/W
0 P60 0 R/W

95.2 Port Control Register 6 (PCR6)

PCRG6 selects inputs/outputs in bit units for pins of port 6.

Initial

Bit Bit Name Value R/W Description
7 PCR67 0 w Setting a PCR6 bit to 1 makes the corresponding pin an
6 PCR66 0 W output pin, while clearing the bit to 0 makes the pin an

input pin. The settings in PCR6 and in PDR6 are valid
S PCR65 0 W when the corresponding pin is designated as a general
4 PCR64 0 w 1/0 pin.
3 PCR63 0 w PCRG6 is a write-only register. These bits are always
2 PCR62 0 w read as 1.
1 PCR61 0 w
0 PCR60 0 w
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9.5.3

Port Pull-Up Control Register 6 (PUCRG6)

PUCRG6 controls the pull-up MOS of the port 6 pins in bit units.

Initial
Bit Bit Name Value R/W Description
7 PUCR67 O R/W When a PCRS bit is cleared to 0, setting the
6 PUCR6S O R/W corresponding PUCRS bit to 1 turns on the pull-up MOS
for the corresponding pin, while clearing the bit to 0
5 PUCR65 0 R/W turns off the pull-up MOS.
4 PUCR64 0 R/W
3 PUCR63 O R/W
2 PUCR62 0 R/W
1 PUCR61 O R/W
0 PUCR60 O R/W
954 Pin Functions

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

e P67/SEG16 to P64/SEG13 pins

(n=7104)

Register LPCR PCR6 Pin Function
Name
Bit Name SGS3 to SGSO PCR6n
Setting Value B'00xx, B'11xx 0 P6n input pin

1 P6n output pin

Other than B'00xx, B'11xx X SEGn+9 output pin

[Legend]
x: Don't care
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e P63/SEG12 to P60/SEGY pins

(m=3100)

Register LPCR PCR6 Pin Function
Name
Bit Name SGS3 to SGSO PCR6m
Setting Value B'000x, B'0010, B'1011, 0 P6m input pin

B 1xx 1 P6m output pin

Other than B'000x, B'0010, X SEGmM+9 output pin
B'1011, B'11xx

[Legend]
x: Don't care

955 Input Pull-Up MOS

Port 6 has an on-chip input pull-up MOS function that can be controlled by software. When the
PCR6 bit is cleared to 0, setting the corresponding PUCRG6 bit to 1 turns on the input pull-up MOS
for that pin. The input pull-up MOS function is in the off state after a reset.

(n=7100)
PCR6n 0 1
PUCR6N 0 1 X
Input Pull-Up MOS Off On Off
[Legend]
x: Don't care

RENESAS
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9.6 Port 7

Port 7 is an I/O pins; its pins can also be configured to function as LCD segment output pins.

Figure 9.6 shows the pin configuration.

~—> P77/SEG24
~—> P76/SEG23
~—> P75/SEG22
~—> P74/SEG21
~— P73/SEG20
~—> P72/SEG19

Port 7

~—> P71/SEG18
~<—» P70/SEG17

Figure9.6 Port 7 Pin Configuration

Port 7 has the following registers.

e Port data register 7 (PDR7)
e Port control register 7 (PCR7)

9.6.1 Port Data Register 7 (PDR7)

PDR?7 is a register that stores data of port 7.

Description

Initial
Bit Bit Name Value R/W
7 P77 0 R/W
6 P76 0 R/W
5 P75 0 R/W
4 P74 0 R/W
3 P73 0 R/W
2 P72 0 R/W
1 P71 0 R/W
0 P70 0 R/W

If port 7 is read while PCR7 bits are set to 1, the values
stored in PDRY7 are read, regardless of the actual pin
states. If port 7 is read while PCR7 bits are cleared to 0,
the pin states are read.
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9.6.2

Port Control Register 7 (PCR7)

PCR7 selects inputs/outputs in bit units for pins of port 7.

Initial
Bit Bit Name Value R/W Description
7 PCR77 0 w Setting a PCRY7 bit to 1 makes the corresponding pin an
6 PCR76 0 W output pin, while clearing the bit to 0 makes the pin an
input pin. The settings in PCR7 and in PDR?7 are valid
S PCR75 0 W when the corresponding pin is designated as a general
4 PCR74 0 w 1/0 pin.
3 PCR73 0 w PCRY7 is a write-only register. These bits are always
5 PCR72 0 W read as 1.
1 PCR71 0 w
0 PCR70 0 w
9.6.3 Pin Functions

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

e P77/SEG24 to P74/SEG21 pins

(n=7104)
Register LPCR PCR7 Pin Function
Name
Bit Name SGS3 to SGSO0 PCR7n
Setting Value B'00xx, B'010x, B'111x 0 P7n input pin
1 P7n output pin
Other than B'00xx, B'010x, X SEGnN+17 output pin
B'111x
[Legend]
x: Don't care
Rev. 2.00 Jul. 04, 2007 Page 179 of 692
RENESAS REJ09B0309-0200



Section 9 1/0O Ports

e P73/SEG20 to P70/SEG17 pins

(m=3100)
Register LPCR PCR7 Pin Function
Name
Bit Name SGS3 to SGSO0 PCR7m
Setting Value B'00xx, B'0100, B'1101, 0 P7m input pin
B111x 1 P7m output pin
Other than B'00xx, B'0100, X SEGm+17 output pin
B'1101, B'111x
[Legend]
x: Don't care
9.7 Port 8

Port 8 is an I/O pins; its pins can also be configured to function as LCD segment output pins.
Figure 9.7 shows the pin configuration.

~<—> P87/SEG32
~<—> P86/SEG31
~<—» P85/SEG30
~<—>» PB84/SEG29
-~<—>» P83/SEG28
<—» P82/SEG27
<— PB81/SEG26
-<—» P80/SEG25

Port 8

Figure9.7 Port 8 Pin Configuration
Port 8 has the following registers.

e Port data register 8 (PDRS)
e Port control register 8 (PCR8)
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9.7.1 Port Data Register 8 (PDR8)

PDRS is a register that stores data of port 8.

Initial
Bit Bit Name Value R/W Description
7 P87 0 R/W If port 8 is read while PCR8 bits are set to 1, the values
6 P86 0 R/W stored in PDR8 are read, regardless _of the actual pin
states. If port 8 is read while PCR8 bits are cleared to 0,
S P85 0 R/W the pin states are read.
4 P84 0 R/W
3 P83 0 R/W
2 P82 0 R/W
1 P81 0 R/W
0 P80 0 R/W

9.7.2 Port Control Register 8 (PCR8)

PCR& selects inputs/outputs in bit units for pins to be used as general I/O ports of port 8.

Initial
Bit Bit Name Value R/W Description
7 PCR87 0 w Setting a PCR8 bit to 1 makes the corresponding pin
6 PCR86 0 W (P87 to P80) an output pin, while clearing the bit to 0

makes the pin an input pin. The settings in PCR8 and in

S PCR85 0 W PDRS8 are valid when the corresponding pin is
4 PCR84 0 w designated as a general I/O pin.
3 PCR83 0 w PCRS8 is a write-only register. These bits are always
2 PCR82 0 w read as 1.
1 PCR81 0 w
0 PCR80 0 w
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9.7.3 Pin Functions

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

e P87/SEG32 to P84/SEG29 pins

(n=7104)
Register LPCR PCR8 Pin Function
Name
Bit Name SGS3 to SGSO0 PCR8n
Setting Value B'Oxxx 0 P8n input pin
1 P8n output pin
B'1xxx X SEGN+25 output pin
[Legend]
x: Don't care
e P83/SEG28 to PSO/SEG2S5 pins
(m=3100)
Register LPCR PCR8 Pin Function
Name
Bit Name SGS3 to SGS0 PCR8m
Setting Value B'00xx, B'010x, B'0110, 0 P8m input pin

B'1111

P8m output pin

Other than B'00xx, B'010x,
B'0110, B'1111

SEGm+25 output pin

[Legend]
x: Don't care
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9.8 Port 9

Port 9 is a general I/O port; its pins can also be configured to function as an external interrupt
input pin and PWM output pins. Figure 9.8 shows the pin configuration.

<— P93/PWM4

[~<—> P92/PWM3/IRQ4

Port 9

P91/PWM2
[~<—> P90/PWM1

Figure9.8 Port 9 Pin Configuration
Port 9 has the following registers.

e Port data register 9 (PDR9)
e Port control register 9 (PCR9)
e Port mode register 9 (PMR9)

9.8.1 Port Data Register 9 (PDR9)

PDRO is a register that stores data of port 9.

Initial
Bit Bit Name Value R/W Description
7104 — All 1 — Reserved
These bits are always read as 1 and cannot be
modified.
3 P93 1 R/W If port 9 is read while PCR9 bits are set to 1, the values
2 P92 1 R/W stored in PDR9 are read, regardless _of the actual pin
states. If port 9 is read while PCR9 bits are cleared to 0,
1 Po1 1 R/W the pin states are read.
0 P90 1 R/W
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9.8.2 Port Control Register 9 (PCR9)

PCRY selects inputs/outputs in bit units for pins of port 9.

Initial
Bit Bit Name Value R/W Description
7t04 — All 1 — Reserved
These bits are always read as 1 and 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/O pin.
PCR9 is a write-only register. These bits are always
read as 1.

9.8.3 Port Mode Register 9 (PMR9)

PMRO controls the selection of functions for port 9 pins.

Initial
Bit Bit Name Value R/W Description
7104 — All 1 — Reserved
These bits are always read as 1 and cannot be
modified.
3 — 0 R/W Reserved
Although this bit is readable/writable, 1 should not be
written to this bit.
2 IRQ4 0 R/W P92/IRQ4 Pin Function Switch
Selects whether pin P92/IRQ4 is used as P92 or as
IRQ4.
0: P92 1/O pin

1: IRQ4 input pin
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Initial
Bit Bit Name Value R/W Description
1 PWM2 0 R/W P9n/PWMn+1 Pin Function Switch
0 PWMH1 0 R/W Select whether pin P9n/PWMn-+1 is used as P9n or as

PWMn+1. (n = 1, 0)

0: P9n /O pin

1: PWMn+1 output pin

9.84 Pin Functions

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

e P93/PWM4 pin

Register Name PFCR PCR9 Pin Function
Bit Name PWM4 PCR93
Setting Value 0 0 P93 input pin
1 P93 output pin
1 X PWM4 output pin
[Legend]
x: Don't care
e P92/PWM3/IRQ4 pin
Register Name PMR9 PFCR PCR9 Pin Function
Bit Name IRQ4 PMW3 PCR92
Setting Value 0 0 0 P92 input pin
1 P92 output pin
1 X PWMS output pin
1 X 0 TRQ4 input pin
1 Setting prohibited
[Legend]
x: Don't care
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e P91/PWM2 and P9O/PWM1 pins

(n=1,0)
Register Name PMR9 PCR9 Pin Function
Bit Name PWMn+1 PCR9n
Setting Value 0 0 P9n input pin
1 P9n output pin
1 X PWMn+1 output pin

[Legend]
x: Don't care

9.9 Port A

Port A is an I/O pins; its pins can also be configured to function as LCD common output pins.

Figure 9.9 shows the pin configuration.

Port A

~<—> PA3/COM4
~<—> PA2/COM3
~<—> PA1/COM2
~— PA0/COM1

Figure9.9 Port A Pin Configuration

Port A has the following registers.

e Port data register A (PDRA)
e Port control register A (PCRA)
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991 Port Data Register A (PDRA)

PDRA is a register that stores data of port A.

Initial
Bit Bit Name Value R/W Description
7104 — All 1 — Reserved
These bits are always read as 1 and cannot be
modified.
3 PA3 0 R/W If port A is read while PCRA bits are set to 1, the values
2 PA2 0 R/W stored in PDRA are read, regardless of the actual pin
states. If port A is read while PCRA bits are cleared to
1 PA1 0 R/W 0, the pin states are read.
0 PAO 0 R/W

9.9.2 Port Control Register A (PCRA)

PCRA selects inputs/outputs in bit units for pins to be used as general I/O ports of port A.

Initial
Bit Bit Name Value R/W Description
7t04 — All 1 — Reserved
These bits are always read as 1 and cannot be
modified.
3 PCRA3 0 w Setting a PCRA bit to 1 makes the corresponding pin
2 PCRA2 0 W an output pin, while clearing the bit to 0 makes the pin
an input pin.
1 PCRA1 0 w . ) ) .
PCRA is a write-only register. These bits are always
0 PCRAO 0 w

read as 1.
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9.93

Pin Functions

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

e PA3/COM4 pin

Register LPCR PCRA Pin Function
Name
Bit Name SGS3 to SGSO DTS1, DTSO CMX PCRA3
Setting Value B'0000 B'xx X 0 PAS3 input pin
1 PA3 output pin
Other than Other than B'11 0 0 PA3 input pin
B'0000 1 PA3 output pin
Other than B'10 1 X COM4 output pin
B'10 Disabled
B'11 X COM4 output pin
[Legend]
x: Don't care
e PA2/COM3 pin
Register Name LPCR PCRA Pin Function
Bit Name SGS3 to SGSO DTS1, CMX PCRA2
Setting Value B'0000 B'xx 0 PA2 input pin
1 PA2 output pin
Other than B'00 0 PA2 input pin
B'0000 1 PA2 output pin
Other than B'00 X COMB3 output pin

[Legend]
x: Don't care
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e PA1/COM2 pin

Register Name LPCR PCRA Pin Function
Bit Name SGS3to SGSO | DTS1, DTS0, CMX PCRA1
Setting Value B'0000 X 0 PA1 input pin
1 PA1 output pin
Other than B'000 0 PA1 input pin
B'0000 1 PA1 output pin
Other than B'000 X COM2 output pin
[Legend]
x: Don't care
e PAO/COMI pin
Register Name LPCR PCRA Pin Function
Bit Name SGS3 to SGSO PCRAO
Setting Value B'0000 0 PAOQ input pin
1 PAO output pin
Other than B'0000 X COM1 output pin

[Legend]
x: Don't care

RENESAS
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9.10 Port B

Port B is an input-only port: its pins can also be configured to function as an interrupt input pin
and analog input pin. Figure 9.10 shows the pin configuration.

~<—— PB7/AN7
~—— PB6/AN6
-—— PB5/AN5
~<—— PB4/AN4
~<—— PB3/AN3
~—— PB2/AN2/IRQ3

Port B

~—— PB1/AN1/IRQ1
~—— PBO0/AN0/IRQO

Figure9.10 Port B Pin Configuration
Port B has the following registers.

e Port data register B (PDRB)
e Port mode register B (PMRB)

9.10.1 Port Data Register B (PDRB)

PDRB is a register that stores data of port B.

Initial
Bit Bit Name Value R/W Description
7 PB7 Undefined R Reading PDRB always gives the pin states. However, if
6 PB6 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
S PBS Undefined R pin is read as 0 regardless of the input voltage.
4 PB4 Undefined R
3 PB3 Undefined R
2 PB2 Undefined R
1 PB1 Undefined R
0 PBO Undefined R
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9.10.2 Port Mode Register B (PMRB)

PMRB controls the selection of the port B pin functions.

Initial
Bit Bit Name Value R/W Description
7t05 — All 1 — Reserved
These bits are always read as 1 and cannot be
modified.
4 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 20.4.2, External Trigger Input Timing.
3 — 1 — Reserved
This bit is always read as 1 and cannot be modified.
2 IRQ3 0 R/W PB2/AN2/IRQ3* Pin Function Switch
Selects whether pin PB2/AN2/IRQ3 is used as
PB2/AN2 or as IRQS.
0: PB2/AN2 input pin
1: IRQ3 input pin
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: IRQT input pin
0 IRQO 0 R/W PBO/ANO/IRQO* Pin Function Switch

Selects whether pin PBO/ANO/IRQO is used as
PBO/ANO or as IRQO.

0: PBO/ANO input pin
1: IRQO input pin

Note: * For information on the power supply voltage (V) and analog power supply voltage
(AV,.) when using this pin as an IRQn (n =0, 1, 3) pin, see section 26.2.2 or 26.4.2,

DC Characteristics.
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9.10.3 Pin Functions

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

e PB7/ANT7 pin

Register Name AMR Pin Function

Bit Name CHS3 to CHO

Setting Value Other than B'1011 PB7 input pin
B'1011 AN7 input pin

e PB6/ANG pin

Register Name AMR Pin Function

Bit Name CH3 to CHO

Setting Value Other than B'1010 PB6 input pin
B'1010 ANBG input pin

e PB5/ANS pin

Register Name AMR Pin Function

Bit Name CHB3 to CHO

Setting Value Other than B'1001 PB5 input pin
B'1001 ANS input pin

e PB4/AN4 pin

Register Name AMR Pin Function

Bit Name CH3 to CHO

Setting Value Other than B'1000 PB4 input pin
B'1000 AN4 input pin
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e PB3/AN3 pin

Register Name AMR Pin Function
Bit Name CH3 to CHO
Setting Value Other than B'0111 PB3 input pin
B'0111 ANS input pin
e PB2/AN2/IRQ3 pin
Register Name PMRB AMR Pin Function
Bit Name IRQ3 CHB3 to CHO
Setting Value 0 Other than B'0110 PB2 input pin
B'0110 AN2 input pin
1 Other than B'0110 IRQS input pin
B'0110 Setting prohibited
e PBI/ANI/IRQI pin
Register Name PMRB AMR Pin Function
Bit Name IRQ1 CHB3 to CHO
Setting Value 0 Other than B'0101 PB1 input pin
B'0101 AN1 input pin
1 Other than B'0101 IRQ1 input pin
B'0101 Setting prohibited
e PB0/ANO/IRQO pin
Register Name PMRB AMR Pin Function
Bit Name IRQO CH3 to CHO
Setting Value 0 Other than B'0100 PBO input pin
B'0100 ANO input pin
1 Other than B'0100 IRQO input pin
B'0100 Setting prohibited

Rev. 2.00 Jul. 04, 2007 Page 193 of 692

RENESAS

REJ09B0309-0200




Section 9 1/0O Ports

9.11 Port C

Port C is an I/O port; its pins can also be configured to function as LCD segment output pins.

Figure 9.11 shows the pin configuration.

Port C

[<—> PC7/SEG40
<—> PC6/SEG39
<+—> PC5/SEG38
[<—> PC4/SEG37
<+—> PC3/SEG36
<—> PC2/SEG35
<+—> PC1/SEG34
<— PCO/SEG33

Figure9.11
Port C has the following registers.

e Port data register C (PDRC)
e Port control register C (PCRC)

9.11.1  Port Data Register C (PDRC)

Port C Pin Configuration

PDRC is a register that stores data of port C.

Description

Initial
Bit Bit Name Value R/W
7 PC7 0 R/W
6 PC6 0 R/W
5 PC5 0 R/W
4 PC4 0 R/W
3 PC3 0 R/W
2 PC2 0 R/W
1 PC1 0 R/W
0 PCO 0 R/W

If port C is read while PCRC bits are set to 1, the values
stored in PDRC are read, regardless of the actual pin
states. If port C is read while PCRC bits are cleared to
0, the pin states are read.
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9.11.2 Port Control Register C (PCRC)

PCRC selects inputs/outputs in bit units for pins to be used as general I/O ports of port C.

Initial
Bit Bit Name Value R/W Description
7 PCRC7 0 w Setting a PCRC bit to 1 makes the corresponding pin
6 PCRC6 0 W an output pin, while clearing the bit to 0 makes the pin
an input pin.
5 PCRC5 0 w . . . .
PCRC is a write-only register. These bits are always
4 PCRC4 0 w read as 1.
3 PCRC3 0 w
2 PCRC2 0 w
1 PCRCH1 0 w
0 PCRCO 0 w

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

e PC7/SEGA40 to PCO/SEG33 pins

(n=7100)

Register Name LPCR PCRC Pin Function
Bit Name SGS3 to SGSO PCRCn
Setting Value B'Oxxx 0 PCn input pin

1 PCn output pin

B'1xxx X SEGn+33 output pin

[Legend]
x: Don't care
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9.12 Port E

Port E is an I/O port; its pins can also be configured to function as external interrupt input pins,
SCI3_2 I/O pins, SCI3_3 1I/0O pins, and timer C input pin. Figure 9.12 shows its pin configuration.

Port E

~<— PE7/TMIC(/IRQO)
<«—> PE6/UD

«— PE5(/TXD32)
~<— PE4(/RXD32)

<—> PE3(/SCK32/IRQT)
<«—» PE2/TXD33
<—» PE1/RXD33
<—» PE0/SCK33(1RQ3)

Port E has the following registers.

e Port data register E (PDRE)
e Port control register E (PCRE)
e Port mode register E (PMRE)

9.121 Port Data Register E (PDRE)

Figure9.12 Port E Pin Configuration

PDRE is a register that stores data of port E.

Initial
Bit Bit Name Value R/W Description
7 PE7 0 R/W If port E is read while PCRE bits are set to 1, the values
6 PE6 0 R/W stored in PDRE are read, regardless of the actual pin
states. If port E is read while PCRE bits are cleared to
5 PE5 0 R/W 0, the pin states are read.
4 PE4 0 R/W
3 PE3 0 R/W
2 PE2 0 R/W
1 PE1 0 R/W
0 PEO 0 R/W
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9.12.2 Port Control Register E (PCRE)

PCRE selects inputs/outputs in bit units for pins of port E.

Initial

Bit Bit Name Value R/W Description
7 PCRE7 0 w Setting a PCRE bit to 1 makes the corresponding pin an
6 PCRE6 0 W output pin, while clearing the bit to 0 makes the pin an

input pin. The settings in PCRE and in PDRE are valid
S PCRES 0 W when the corresponding pin is designated as a general
4 PCRE4 0 w 1/0 pin.
3 PCRE3 0 w PCRE is a write-only register. These bits are always
5 PCRE2 0 W read as 1.
1 PCREH1 0 w
0 PCREO 0 w

9.12.3 Port Mode Register E (PMRE)

PMRE controls the selection of the port E pin functions.

Initial
Bit Bit Name Value R/W Description
7t05 — All 1 — Reserved
These bits are always read as 1 and cannot be modified.
4 TMIC 0 R/W PE7/TMIC Pin Function Switch
0: PE7 I/O pin
1: TMIC input pin
3 IRQO 0 R/W PE7/IRQO Pin Function Switch
0: PE7 1/O pin
1: TRQO input pin
2 ub 0 R/W PE6/UD Pin Function Switch
0: PE6 1/O pin
1: UD input pin
1 IRQ1 0 R/W PE3/IRQ1 Pin Function Switch
0: PE3 I/O pin

1: IRQ1 input pin
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Initial
Bit Bit Name Value R/W Description
0 IRQ3 0 R/W PEO/IRQS Pin Function Switch
0: PEO I/O pin
1: IRQ3 input pin
9.124  Pin Functions

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

e PE7/TMIC (/IRQO) pin

Register Name PMRB PMRE PCRE Pin Function
Bit Name IRQO IRQO TMIC PCRE7
Setting Value 0 1 X X IRQO input pin
Other than above 0 0 PE7 input pin
1 PE7 output pin
1 X TMIC input pin
[Legend]
x: Don't care
e PE6/UD pin
Register Name PMRE PCRE Pin Function
Bit Name ub PCRE6
Setting Value 0 0 PE® input pin
1 PEG6 output pin
1 X UD input pin
[Legend]
x: Don't care
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e PES (/TXD32) pin

Register Name PFCR SPCR PCRE Pin Function
Bit Name SC32S SPC32 PCRE5
Setting Value 0 X 0 PES5 input pin

1 PE5 output pin

1 0 0 PES5 input pin
1 PE5 output pin
1 X TXD32 output pin

[Legend]
x: Don't care

e PE4 (/RXD32) pin

Register Name PFCR SCR3_2 PCRE Pin Function
Bit Name SC32S RE PCRE4
Setting Value 0 X 0 PE4 input pin
1 PE4 output pin
1 0 0 PE4 input pin
1 PE4 output pin
1 X RXD32 input pin
[Legend]
x: Don't care
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e PE3 (/SCK32/IRQI) pin

Register PMRB PMRE PFCR | SMR3_2 SCR3_2 PCRE Pin Function
Name
Bit Name IRQ1 IRQ1 SC328 COM CKE1 CKEO PCRE3
Setting 0 1 X X X x TRQT input pin
Value Other than above 0 X X 0 PES input pin
1 PES3 output pin
1 0 0 0 PE3 input pin
1 PES3 output pin
X SCK32 output pin
1 SCK®82 input pin
Setting prohibited
1 0 SCK®82 output pin
Setting prohibited
1 SCK32 input pin
Setting prohibited
[Legend]
x: Don't care
e PE2/TXD33 pin
Register Name SPCR2 PCRE Pin Function
Bit Name SPC33 PCRE2
Setting Value 0 0 PE2 input pin
1 PE2 output pin
1 X TXD33 output pin
[Legend]
x: Don't care
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e PEI1/RXD33 pin

Register Name SCR3_3 PCRE Pin Function
Bit Name RE PCREH1
Setting Value 0 0 PE1 input pin
1 PE1 output pin
1 X RXD33 input pin
[Legend]
x: Don't care
e PE0/SCK33 (/IRQ3) pin
Register PMRB PMRE SMR3_3 SCR3_3 PCRE Pin Function
Name
Bit Name IRQ3 IRQ3 COM CKEA1 CKEO PCREO
Setting 0 1 X X X IRQ3 input pin
Value Other than above 0 0 0 0 PEO input pin
1 PEO output pin
1 X SCKB3 output pin
1 0 SCK33 input pin
1 Setting prohibited
0 0 SCKB33 output pin
1 Setting prohibited
1 0 SCKS38 input pin
1 Setting prohibited
[Legend]
x: Don't care
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9.13 Port F

Port F is an I/O port: its pins can also be configured to function as an external interrupt input pin,
SCI3_1 I/O pins, and timer G input pin. Figure 9.13 shows the pin configuration.

[<—> PF3(/TXD31/IrTXD)
[<—> PF2(/RXD31/IrRXD)

Port F

<—> PF1(/SCK31/IRQ4)
[<—> PFO/TMIG

Figure9.13 Port F Pin Configuration
Port F has the following registers.

e Port data register F (PDRF)
e Port control register F (PCRF)
e Port mode register F (PMRF)

9.131 Port Data Register F (PDRF)

PDRF is a register that stores data of port F.

Initial
Bit Bit Name Value R/W Description
7t05 — All 1 — Reserved
These bits are always read as 1 and cannot be
modified.
4 — — — Reserved
The write value should always be 0.
3 PF3 0 R/W If port F is read while PCRF bits are set to 1, the values
2 PE2 0 R/W stored in PDRF are read, regardless of the actual pin
states. If port F is read while PCRF bits are cleared to
1 PF1 0 R/W 0, the pin states are read.
0 PFO 0 R/W
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9.13.2 Port Control Register F (PCRF)

PCREF selects inputs/outputs in bit units for pins of port F.

Initial
Bit Bit Name Value R/W Description
7t05 — All 1 — Reserved
These bits are always read as 1 and cannot be
modified.
4 — — — Reserved
The write value should always be 0.
3 PCRF3 0 w Setting a PCRF bit to 1 makes the corresponding pin an
2 PCRF2 0 W output pin, while clearing the bit to 0 makes the pin an
input pin. The settings in PCRF and in PDRF are valid
1 PCRF1 0 W when the corresponding pin is designated as a general
0 PCRFO 0 w 1/0 pin.

PCRF is a write-only register. These bits are always
read as 1.

9.13.3 Port Mode Register F (PMRF)

PMREF controls the selection of the pin functions on port F.

Initial
Bit Bit Name Value R/W Description
7t03 — All 1 — Reserved
These bits are always read as 1 and cannot be
modified.
2 IRQ4 0 R/W PF1/IRQ4 Pin Function Switch
0: PF1 1/0 pin
1: IRQ4 input pin
1 NCS 0 R/W Controls usage of the TMIG noise cancellation circuit.
0: Noise cancellation is disabled
1: Noise cancellation is enabled
0 TMIG 0 R/W PFO/TMIG Pin Function Switch

0: PFO 1/O pin
1: TMIG input pin
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9.134 Pin Functions

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

e PF3 (/TXD31/IrTXD) pin

Register PFCR SPCR IrCR PCRF Pin Function
Name
Bit Name SC31S SPC31 IrE PCRF3
Setting 0 X X 0 PF3 input pin
Value 1 PF3 output pin
1 0 0 PF3 input pin
1 PF3 output pin
1 0 X TXD31 output pin
IrTXD output pin
[Legend]
x: Don't care
e PF2 (/RXD31/IrRXD) pin
Register PFCR SCR3_1 IrCR PCRF Pin Function
Name
Bit Name SC318 RE IrE PCRF2
Setting 0 X X 0 PF2 input pin
Value 1 PF2 output pin
1 0 0 PF2 input pin
1 PF2 output pin
1 0 X RXD31 input pin
IrRXD input pin
[Legend]
x: Don't care
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e PFI (/SCK31/IRQ4) pin

Register PMR9 PMRF PFCR |SMR3_1 SCR3_1 PCRF Pin Function
Name
Bit Name IRQ4 IRQ4 SC31S COM CKE1 CKEO PCRF1
Setting 0 1 x x X X X TRQ4 input pin
Value Other than above 0 X X X 0 PF1 input pin
1 PF1 output pin
1 0 0 0 0 PF1 input pin
1 PF1 output pin
1 X SCK31 output pin
1 0 SCK31 input pin
1 Setting prohibited
1 0 0 SCK31 output pin
1 Setting prohibited
1 0 SCK31 input pin
1 Setting prohibited
[Legend]
x: Don't care
e PFO/TMIG pin
Register Name PMRF PCRF Pin Function
Bit Name TMIG PCRFO
Setting Value 0 0 PFO input pin
1 PFO output pin
1 X TMIG input pin

[Legend]
x: Don't care
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9.14

9.14.1  Serial Port Control Register,

I nput/Output Data Inversion

Serial Port Control Register 2 (SPCR, SPCR2)

SPCR switches input/output data inversion of the RXD (IrRXD) and TXD (IrTXD) pins.

Figure 9.14 shows a input/output data inversion function.

PE1/RXD33
P31/RXD32
(PE4/RXD32)
P41/RXD31/IrRXD
(PF2/RXD31/IrRXD)

PE2/TXD33
P32/TXD32
(PE5/TXD32)
P42/TXD31/IrTXD
(PF3/TXD31/IFTXD)

SCINVO
SCINV2
SCINV4
RXD33
] >— Rxpaz
RXD31/IRXD
SCINV1
SCINV3
SCINV5
D_C( TXD33
‘—17 TXD32
TXD31/IFTXD

Figure9.14 Input/Output Data Inversion Function

e SPCR
Initial
Bit Bit Name Value R/W Description
7 — 1 — Reserved
6 — 1 — These bits are always read as 1 and cannot be
modified.
5 SPC32 0 R/W P32/TXD32/SCL (PE5/TXD32) Pin Function Switch

Selects whether pin P32/TXD32/SCL (PE5/TXD32) is
used as P32/SCL (PES5) or as TXD32.

0: P32/ SCL (PE5) I/O pin
1: TXD32 output pin*

Note: Set the TE bit in SCR3_2 after having set this
bit to 1.
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Bit

Bit Name Value

Initial

R/W

Description

4

SPC31

0

R/W

P42/TXD31/IrTXD/TMOFH (PF3/TXD31/IrTXD) Pin
Function Switch

Selects whether pin P42/TXD31/IrTXD/TMOFH
(PF3/TXD31/IrTXD) is used as P42/TMOFH (PF3) or as
TXD31/IrTXD.

0: P42 (PF3) I/O pin or TMOFH output pin
1: TXD31/IrTXD output pin*

Note: Set the TE bit in SCR3_1 after having set this bit
to 1.

SCINV3

R/W

TXD32 Pin Output Data Inversion Switch

Specifies whether the logic level of output data of the
TXD32 pin is to be inverted or not.

0: TXD32 output data is not inverted
1: TXD32 output data is inverted

SCINV2

R/W

RXD32 Pin Input Data Inversion Switch

Specifies whether the logic level of input data of the
RXD32 pin is to be inverted or not.

0: RXD32 input data is not inverted
1: RXD32 input data is inverted

SCINV1

R/W

TXD31/IrTXD Pin Output Data Inversion Switch

Specifies whether the logic level of output data of the
TXD31/IrTXD pin is to be inverted or not.

0: TXD31/IrTXD output data is not inverted
1: TXD31/IrTXD output data is inverted

SCINVO

R/W

RXD31/IrRXD Pin Input Data Inversion Switch

Specifies whether the logic level of input data of the
RXD31/IrRXD pin is to be inverted or not.

0: RXD31/IrRXD input data is not inverted
1: RXD31/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.

RENESAS
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e SPCR2

Bit Bit Name

Initial
Value

R/W

Description

7105 —

All1

Reserved

These bits are always read as 1 and cannot be
modified.

4 SPC33

R/W

PE2/TXD33 Pin Function Switch

Selects whether pin PE2/TXD33 is used as PE2 or as
TXD33.

0: PE2 1/O pin
1: TXD33 output pin

Set the TE bit in SCR3_3 after having set this bit
to 1.

Reserved

These bits are always read as 1 and cannot be
modified.

1 SCINV5

R/W

TXD33 Pin Output Data Inversion Switch

Specifies whether the logic level of output data of the
TXD33 pin is inverted.

0: TXD33 output data is not inverted
1: TXD33 output data is inverted

0 SCINV4

R/W

RXD33 Pin Input Data Inversion Switch

Specifies whether the logic level of input data of the
RXD33 pin is inverted.

0: RXD33 input data is not inverted
1: RXD33 input data is inverted

Note: When the serial port control register 2 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 2, modification must be made in a
state in which data changes are invalidated.

Rev. 2.00 Jul. 04, 2007 Page 208 of 692

REJ09B0309-0200

RENESAS



Section 9 1/0O Ports

9.15 Port Function Switch

9.15.1 Port Function Control Register (PFCR)

PFCR controls the assignments of pins for SCI3_1 and SCI3_2 and the functions of other pins.

Initial

Bit Bit Name Value R/W Description
7 CLKOUT1 1 R/W TMOWY/CLKOUT Pin Function Switch
6 CLKOUTO 1 R/W 00: CLKOUT output pin (dyec)

01: CLKOUT output pin (¢../2)

10: CLKOUT output pin (¢y/4)

11: TMOW output pin
5 — 1 — Reserved

This bit is always read as 1 and cannot be modified.
4 PWM4 0 R/W P93/PWM4 Pin Function Switch

0: P93 1/O pin

1: PWM4 output pin
3 PWMS3 0 R/W P92/PWMS3 Pin Function Switch

0: P92 1/O pin

1: PWMS3 output pin
2 — 1 — Reserved

This bit is always read as 1 and cannot be modified.
1 SC32S 0 R/W SCI3_2 Pin Assignment Select

0: TXD32 is assigned to P32
RXD32 is assigned to P31
SCK32 is assigned to P30

1: TXD32 is assigned to PE5
RXD32 is assigned to PE4
SCK32 is assigned to PE3
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Initial
Bit Bit Name Value R/W Description
0 SC31S 0 R/W SCI3_1 Pin Assignment Select

0: TXD31 is assigned to P42
RXD31 is assigned to P41
SCK31 is assigned to P40

1: TXD31 is assigned to PF3
RXD31 is assigned to PF2
SCK31 is assigned to PF1

9.16 Usage Notes

9.16.1 How toHandle Unused Pin
If an I/O pin not used by the user system is floating, pull it up or down.

e If an unused pin is an input pin, it is recommended to handle it in one of the following ways:
— Pull it up to Vec with an on-chip pull-up MOS.
— Pull it up to Vec with an external resistor of approximately 100 kQ.
— Pull it down to Vss with an external resistor of approximately 100 kQ.

— For a pin also used by the A/D converter, pull it up to AVcc. With an external resistor of
approximately 100 k.

e If an unused pin is an output pin, it is recommended to handle it 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 k.

9.16.2 Input Characteristics Difference dueto Pin Function

When the functions of pins IRQO, IRQ1, IRQ3, IRQ4, IRQACE, WKPO0 to WKP7, AEVL,
AEVH, TMIC, TMIF, TMIG, SCK31 to SCK33, 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 tables 26.2 and 26.12.
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Section 10 Realtime Clock (RTC)

The realtime clock (RTC) is a timer used to count periods of time ranging from a second to a
week. Interrupts can be generated at intervals ranging from 0.25 seconds to a week. Figure 10.1 is
a block diagram of the RTC.

10.1 Features

e Counts seconds, minutes, hours, and day-of-week

e Start/stop function

e Reset function

e 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 Module standby mode allows this module to enter standby mode independently when it is not
in use (for details, see section 6.4, Module Standby Function).

PSS
32-kHz RTCCSR | <+—»
oscillator 1/4
circuit
RSECDR |<+—>»
RMINDR |<+—
RHRDR |<+—
Clock count

control circuit ~= RWKDR |<—>

RTCCR1 |<+—>

‘—— | RTCCR2 |<+—

RTCFLG |« >
A NS
Interrupt

—— Interrupt

TMOW <+

Internal data bus

[Legend] >|_control circuit

RTCCSR: Clock source select register RWKDR: Day-of-week date register
RSECDR: Second date register/ RTCCR1: RTC control register 1

free running counter data register RTCCR2: RTC control register 2
RMINDR: Minute date register RTCFLG: RTC interrupt flag register
RHRDR: Hour date register PSS: Prescaler S

Figure10.1 Block Diagram of RTC
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10.2  Input/Output Pin
Table 10.1 shows the RTC input/output pin.

Table10.1 Pin Configuration

Pin Name Abbreviation 1/O Function

Clock output TMOW Output RTC divided clock output

10.3 Register Descriptions
The RTC has the following registers.

e Second data register/free running counter data register (RSECDR)
e Minute data register (RMINDR)

e Hour data register (RHRDR)

e Day-of-week data register (RWKDR)

e RTC control register | (RTCCRI1)

e RTC control register 2 (RTCCR2)

e Clock source select register (RTCCSR)

e RTC Interrupt flag register (RTCFLG)
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10.3.1 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 10.4.3, 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 SCo02 —/(0)*  R/W Counts on 0 to 9 once per second. When a carry is

1 SCo1 —(0)* R/W generated, 1 is added to the ten's position.

0 SCO00 —/(0)*  R/W

Note: * This is the initial value after a reset by the RST bit in RTCCR1.
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10.3.2

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 MNO03 —/(0)* R/W Counting One's Position of Minutes

2 MNO2 —/(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.

0 MNOO —/(0)*  R/W

Note: This is the initial value after a reset by the RST bit in RTCCR1.
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10.3.3 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 bit in

RTCCRI.
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 HR02 —/(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 HRO00 —/(0)*  R/W

Note: * This is the initial value after a reset by the RST bit in RTCCR1.
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10.34 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 O to 6 using bits WK2 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: Setting prohibited

Note: * This is the initial value after a reset by the RST bit in RTCCR1.
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10.35 RTC Control Register 1 (RTCCR1)

RTCCRI1 controls start/stop and reset of the clock timer. For the definition of time expression, see

figure 10.2.

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.

R/W

A.m./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.

R/W

Reserved
The write value should be 0.

2to0 — AllO

Reserved
These bits are always read as 0.

Note: * This is the initial value after a reset by the RST bit in RTCCR1.
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24-hourcount| 0 |1 |2 [3[4|5|6|7|8
12-hourcount| 0 [1[2 3|4 |5|6[7]8

PM 0 (Morning)

©

10(11|12[13[14|15]|16|17
10{11/0]1]2[3[4]|5
1 (Afternoon)

©

24-hour count{18]19/20(21|22|23| 0
12-hourcount| 6 [ 7 [8 |9 |10|11]| 0
PM 1 (Afternoon) 0

Figure 10.2 Definition of Time Expression
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10.3.6 RTC Control Register 2 (RTCCR2)

RTCCR?2 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 a free 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: * This is the initial value after a reset by the RST bit in RTCCR1.
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10.3.7 Clock Source Select Register (RTCCSR)

RTCCSR selects clock source. A free running counter controls start/stop of counter operation by
the RUN bit in RTCCR1. When a clock 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 values to 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 in
which the system clock is divided by 32, 16, 8, or 4 is output in active or sleep mode. The ¢, clock
is output in active, sleep, subactive, subsleep, and watch modes.

Initial
Bit Bit Name Value R/W Description
7 — —/(0)* R Reserved
This bit cannot be modified.
RCS6 0 R/W Clock Output Selection
RCS5 0 R/W Select a clock output from the TMOW pin when setting
SUB32K 0 R/W the TMOW bit in PMR3 to 1.
000: ¢/4
010: ¢/8
100: ¢/16
110: ¢/32
xx1: ¢,
3 RCS3 1 R/W Clock Source Selection
2 RCS2 0 R/W 0000: ¢f8:+vevemeveencnes Free running counter operation
1 RCS1 0 R/W 0001: ¢/32:-c-evemeeemeee Free running counter operation
0 RCSO0 0 R/W 0010: ¢/128:--evereneve Free running counter operation
0011: ¢/256:-++-erenene- Free running counter operation
0100: ¢/512:-eveenee Free running counter operation
0101: ¢/2048:---------- Free running counter operation
0110: ¢/4096:---+-+- Free running counter operation
0111: ¢/8192-++--evee Free running counter operation
1000 : ¢ /4o eeeeeeen RTC operation
1001 to 1111: Setting prohibited
[Legend]
x: Don't care.

Note: * This is the initial value after a reset by the RST bit in RTCCR1.
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10.3.8

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, 0 should be written to the flag.

Initial

Bit Bit Name Value R/W Description
7 FOIFG —/(0)*¥*  R/W*' [Setting condition]

A free running counter overflows

[Clearing condition]

0 is written to FOIFG when FOIFG = 1
6 WKIFG —/(0)*¥*  R/W*' [Setting condition]

A week periodic interrupt occurs

[Clearing condition]

0 is written to WKIFG when WKIFG = 1
5 DYIFG —/(0)*¥*  R/W*' 