To our customers,

Old Company Name in Catalogs and Other Documents

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

Renesas Electronics website: http://www.renesas.com

April 1%, 2010
Renesas Electronics Corporation

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

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

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

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

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

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

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

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

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

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

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

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

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

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

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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document, please confirm the latest product information with a Renesas sales office. Also, please pay
and careful attention to additional and different information to be disclosed by Renesas such as that di
through our website. (http://www.renesas.com )
Renesas has used reasonable care in compiling the information included in this document, but Renese
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the info
included in this document.
When using or otherwise relying on the information in this document, you should evaluate the informati
light of the total system before deciding about the applicability of such information to the intended appli
Renesas makes no representations, warranties or guaranties regarding the suitability of its products fo
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.
With the exception of products specified by Renesas as suitable for automobile applications, Renesas
products are not designed, manufactured or tested for applications or otherwise in systems the failure
malfunction of which may cause a direct threat to human life or create a risk of human injury or which r
especially high quality and reliability such as safety systems, or equipment or systems for transportatio
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea commt
transmission. If you are considering the use of our products for such purposes, please contact a Renes
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth at
Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes liste:

(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 purchase
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless F
Technology Corp., its affiliated companies and their officers, directors, and employees against any and
damages arising out of such applications.
You should use the products described herein within the range specified by Renesas, especially with r
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 malfun
damages arising out of the use of Renesas products beyond such specified ranges.
Although Renesas endeavors to improve the quality and reliability of its products, IC products have spe
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 in|
injury or damage caused by fire in the event of the failure of a Renesas product, such as safety design
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 tt
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final prod
system manufactured by you.
In case Renesas products listed in this document are detached from the products to which the Renesa
products are attached or affixed, the risk of accident such as swallowing by infants and small children i
high. You should implement safety measures so that Renesas products may not be easily detached frc
products. Renesas shall have no liability for damages arising out of such detachment.
This document may not be reproduced or duplicated, in any form, in whole or in part, without prior writ
approval from Renesas.
Please contact a Renesas sales office if you have any questions regarding the information contained ir
document, Renesas semiconductor products, or if you have any other inquiries.
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arein their open states, intermediate levels are induced by noise in the vicinity, a
through current flows internally, and a malfunction may occur.

3. Processing before Initialization

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

4. Prohibition of Accessto Undefined or Reserved Addresses

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

Rev. 3.00 May 15, 2007 Page iv of xxxii
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e CPU and System-Control Modules
e  On-Chip Peripheral Modules

The configuration of the functional description of each module differs accordingtot
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 L SI, take notes into account. E:
includes notes in relation to the descriptions given, and usage notes are given, as require
final part of each section.

7. List of Registers

8. Electrical Characteristics

9. Appendix

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

Thelist of revisionsis a summary of points that have been revised or added to earlier ve
This does not include all of the revised contents. For details, see the actual locationsin t
manual.

11. Index

Rev. 3.00 May 15, 2007 P
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Objective: This manual was written to explain the hardware functions and electrical
characteristics of the H8/38602R Group to the target users.
Refer to the H8/300H Series Software Manual for a detailed description ¢
instruction set.

Notes on reading this manual:

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

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

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

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

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

Rev. 3.00 May 15, 2007 Page vi of xxxii
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6. When the on-chip emulator is used, even though the on-chip oscillator is selected, c
resonator to OSC1 and OSC2 or input an external clock to OSC1.

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

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

H8/38602R Group manuals:

Document Title Docume
H8/38602R Group Hardware Manual This mar
H8/300H Series Software Manual REJ09B!

User's manuals for development tools:

Document Title Docume

H8S, H8/300 Series C/C++ Compiler, Assembler, Optimizing Linkage Editor ~REJ10B!
User's Manual

Microcomputer Development Environment System H8S, H8/300 Series ADE-70z2
Simulator/Debugger User's Manual
H8S, H8/300 Series High-performance Embedded Workshop 3 Tutorial REJ10B!

H8S, H8/300 Series High-performance Embedded Workshop 3 User's Manual REJ10B:!
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— RITC (can be used as atree-running counter)
— Asynchronous event counter (AEC)

— Timer B1

— Timer W

— Watchdog timer

— SCI (asynchronous or clock synchronous serial communication interface)

— SSU (synchronous serial communication unit)*

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

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

e On-chip memory

Product Classification Model ROM RAM

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

(F-ZTAT™ version)

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

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

e General 1/O ports

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

e Supports various power-down states

RENESAS

Rev. 3.00 May 15, 2007 F

REJOS



E7 2 -—

P10/AEVH/FTIOA/TMOW/CLKOUT <—
P11/AEVL/FTCI (/IRQ1) <—
P12/IRQAEC/AECPWM <—

P30/SCK3/VCret (/IRQ0) <—
P31/RXD3/IrRXD <—
P32/TXD3/IFTXD <—»

X2 <—

OSC1 ——

0SC2 -—

System clock oscillator

RAM

SCI3/IrDA

ROM Power-on reset circuit
~— [ee]
g &
Watchdog timer Realtime clock
Timer B1 Timer W
(3] [}
& &
10-bit A/D converter Comparators
Asynchronous SSU*2
event counter m
S
o
12C bus

interface 2 *2

MV UL
Vss

TES
NMF

P82/
P83/
P84/

P90/
P91/
P92/
P93/

PBO,
PB1,
PB2
PB3/
PB4
PB5,

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

2. SSU and IIC2 are shared.

Figurel.1l Internal Block Diagram of H8/38602R Group
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PB3/AN3

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

TNP-32

29 (Top view) 18
30 12
31 11
32 10
- N MO I O © N~ 0 O
gudgugougy
QO - NN 2 = QO
O><><|LIJOUJOOD:
< “8>8>‘E
<
=
1%}
w
[

P10/AEVH/FTIOA/TMOW/CLKOUT
P82/FTIOB
P83/FTIOC
P84/FTIOD

Figure1.2 Pin Assignment of H8/38602R Group (TNP-32)

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

PB2/AN2
PB1/AN1/IRQT

PBO/ANO/IRQO

el &
'E‘&"Ec%d
S==Sx @
o‘:oo‘w
X 0 0 00
5828¢29% o - «
A A =S
(2l = > T« DT @ > B« > B A A
o 0o 0 o Wowow
g
I 882tk
] 25 16 [
] 26 15 [
27 1417
] 28 32P6U-A 1313
129 (Top view) 12 [
] 30 1 [
] 31 10 [
:320 9 [
- AN M T 1 © N~
qUgrUyoy
ExRfgg2gs
o) o

NMI

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

P83/FTIOC

P84/FTIOD

TEST/ADTRG

Figure1.3 Pin Assignment of H8/38602R Group (32P6U-A)
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pin to the system power supply.

Clock pins  OSC1 Input These pins connect with crystal or ceramic
0SC2 Output resonator for the system clock, or can be u
input an external clock.
See section 4, Clock Pulse Generators, for
connection.
X1 Input These pins connect with a 32.768- or 38.4-
X2 Output crystal resonator for the subclock. See sec
Clock Pulse Generators, for a typical conne
CLKOUT 13 Output  Clock output pin.
System RES 4 Input Reset pins. The power-on reset circuit is
control incorporated. When externally driven low, t
is reset.
TEST 9 Input Test pins. Also used as the ADTRG pin. W

pin is not used as the ADTRG pin, users c:
use this pin. Connect this pin to Vss. When
is used as the ADTRG pin, see section 17.
External Trigger Input Timing.

Rev. 3.00 May 15, 2007 Page 4 of 516
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IRQAEC 15 Input Interrupt input pin for the asynchronous e
counter.
This pin enables the asynchronous event
Timer W FTCI 14 Input External event input pin.
FTIOAto 13to I/O Output compare output/input capture inpu
FTIOD 10 output pins.
Asynchro- AEVL 14 Input Event input pins for input to the asynchror
nous event  ,evn 13 Input counter.
counter
(AEC) AECPWM 15 Output  PWM output pin for the AEC.
RTC TMOW 13 Output  Divided clock output pin for the RTC.
Serial SCK3 26 I/O SCI3 clock I/0 pin.
communi- : : : ;
X RXD3/ 25 Input SCI3 data input pins or data input pins for
_catlon IrRXD format.
interface 3
(SCI3) TXD3/ 24 Output  SCI3 data output pins or data output pins
IrTXD IrDA format.
Synchro- SCS 20 I/0 SSU chip select I/0O pin.
nous serial  “ggoK T o e SSU clock 1/0 pin.
communi-
cation unit  SSI 23 I/0 SSU transmit/receive data I/O pins.
(SSuU) SSO 22 /0
I’C bus SDA 21 I/0 [IC data 1/O pin.
interface 2 :
SCL 20 I/0 IIC clock 1/O pin.
(11C2) clocl pin

Rev. 3.00 May 15, 2007 F
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\rvnt).

P30to P32 26to0 1/O 3-bit 1/0O pins. Input or output can be desigr
24 each bit by means of the port control regist
(PCR3).
P82to P84 12to 1/O 3-bit 1/0O pins. Input or output can be desigr
10 each bit by means of the port control regist
(PCRS).
P90to P93 20to  1/O 4-bit I/O pins. Input or output can be desigr
23 each bit by means of the port control regist
(PCRO9).
PBO to PB5 32 to Input 6-bit input-only pins.
27
E7 E7_0 19to — E7 emulator interface pins. E7_2 selects w
E7 1 17 the on-chip oscillator is used. E7_2 is pulle
E7_2 down by a 100-kQ resistance. For details, ¢

section 4, Clock Pulse Generators.
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o General-register architecture
Sixteen 16-bit general registers also usable as sixteen 8-hit registers and eight 16-bit
or eight 32-bit registers
e Sixty-two basic instructions
8/16/32-hit data transfer and arithmetic and logic instructions
Multiply and divide instructions
Powerful bit-manipulation instructions
o Eight 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 @-ERnN]
Absolute address [ @aa:8, @aa: 16, @aa:24]
Immediate [#xx:8, #xx:16, or #xx:32]
Program-counter relative [@(d:8,PC) or @(d:16,PC)]
Memory indirect [ @@aa:8]
o 64-Kbyte address space
o High-speed operation
All frequently-used instructions execute in one or two states
8/16/32-hit register-register add/subtract: 2 states

8 x 8-hit register-register multiply: 14 states
16 + 8-bit register-register divide: 14 states
16 x 16-bit register-register multiply: 22 states
32 + 16-hit register-register divide: 22 states
CPU30H2C_000120030300 Rev. 3.00 May 15, 2007 P

RENESAS REJOS



H'0050

H'3FFF

H'F020

H'F100

H'FB80

H'FF80

HFFFF

Interrupt vector

On-chip ROM
(16 Kbytes)

Not used

Internal 1/O registers

Not used

On-chip RAM
(1 Kbyte)

Internal 1/0 registers

H'0050

H'3FFF

H'F020

H'F100

H'FB80

H'FF80

H'FFFF

Interrupt vector

On-chip ROM
(16 Kbytes)

Not used

Internal I/O registers

Not used

On-chip RAM
(1 Kbyte)

Internal I/O registers

H'0050

H'1FFF

H'F020

H'F100

H'FD80

H'FF80

H'FFFF

Interrupt vector

On-chip ROM
(8 Kbytes)

Not used

Internal 1/O registe

Not used

On-chip RAM
(512 bytes)

Internal I/O registe

Figure2.1 Memory Map
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eERZ
ER3
ER4
ER5
ER6
ER7

Control Registers (CR)

nZA nzLl
E3 R3H R3L
E4 R4H R4L
E5 R5H R5L
E6 R6H R6L
E7 (SP) R7H R7L
23 (
PC |
7654321C(
cer [ JuH[u[n]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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The R registers divide into 8-hit registers designated by the letters RH (ROH to R7H) and
to R7L). These registers are functionally equivalent, providing a maximum of sixteen 8-k
registers.

The usage of each register can be selected independently.

* Address registers * 16-bit registers  8-bit registers
* 32-bit registers
E registers (extended registers)
- EO to E7
ER registers ( ) RH registers
(ERO to ER7) (ROH to R7H)
R registers
(RO to R7)
RL registers
(ROL to R7L)

Figure2.3 Usage of General Registers
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Figure2.4 Relationship between Stack Pointer and Stack Area

2.2.2  Program Counter (PC)

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

223 Condition-Code Register (CCR)

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

Some instructions leave flag bits unchanged. Operations can be performed on the CCR |
LDC, STC, ANDC, ORC, and XORC instructions. The N, Z, V, and C flags are used as
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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mere IS a carry or borrow at DIt o, ana cleared
otherwise. When the ADD.W, SUB.W, CMP.W
NEG.W instruction is executed, the H flag is se
there is a carry or borrow at bit 11, and clearec
otherwise. When the ADD.L, SUB.L, CMP.L, o
instruction is executed, the H flag is set to 1 if 1
carry or borrow at bit 27, and cleared to 0 othe

4 U Undefined R/W User Bit
Can be written and read by software using the
STC, ANDC, ORC, and XORC instructions.

3 N Undefined R/W Negative Flag
Stores the value of the most significant bit of d
sign bit.

2 4 Undefined R/W Zero Flag
Set to 1 to indicate zero data, and cleared to 0
indicate non-zero data.

1 \ Undefined R/W Overflow Flag
Set to 1 when an arithmetic overflow occurs, a
cleared to 0 at other times.

0 C Undefined R/W Carry Flag

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

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

The carry flag is also used as a bit accumulatc
manipulation instructions.
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Data Type

1-bit data

1-bit data

4-bit BCD data

4-bit BCD data

Byte data

Byte data

General Register Data Format

RnH

RnL

RnH

RnL

RnH

RnL

7 o
7:6:5:4:3:2:1:o| Don't care
___________________ 7 0
' Don't care |7:6:5:4:3:2:1:0
7 43 o .
| Upper | Lower | Don't care :
.................. 1
___________________ 7 43 0
i Don't care | Upper | Lower |
7 o
EEERERE Don'tcare |
1 1 1 1 L L L
MSB LSB
___________________ 7 0
L Dontcare [P0l ol
"""""""""" MSB LSB

Figure2.5 General Register Data Formats (1)
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MSB

[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

Figure2.5 General Register Data Formats (2)
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Data Type

1-bit data

Byte data

Word data

Longword data

Address Data Format
/\/
7 0

Address L 7|6|5|4|3|2|1|0

AddressL  fuse; ! i : @ ! ILSB

Address 2M SBE

Address 2M+1 | LSB
Address2N - fyegt 1t r 1
Address 2N+1 [ T T T A
Address 2N+2 E E E E E E E

Address 2N+3 E'—SB

/\/

Figure2.6 Memory Data Formats
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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

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

x Multiplication

< Division

A Logical AND

v Logical OR

@ Logical XOR

- Move

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

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit regi
to R7, EO to E7), and 32-bit registers/address register (ERO to ER7).
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FOpPsS a general register 1moim the staCk. FUr.vv Rl 1s 1aerntical
MOV.W @SP+, Rn. POP.L ERn is identical to MOV.L @SP+,

PUSH WiL Rn —» @-SP
Pushes a general register onto the stack. PUSH.W Rn is iden
MOV.W Rn, @-SP. PUSH.L ERn is identical to MOV.L ERn, |
Note: * Refers to the operand size.
B: Byte
W: Word
L: Longword

Rev. 3.00 May 15, 2007 Pa
RENESAS REJOS



DEC

Increments or decrements a general register by 1 or 2. (Byte of
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
DAA B Rd (decimal adjust) - Rd
DAS Decimal-adjusts an addition or subtraction result in a general re
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 registe
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:
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: eit
bits + 8 bits — 8-bit quotient and 8-bit remainder or 32 bits + 1€
16-bit quotient and 16-bit remainder.
Note: * Refers to the operand size.
B: Byte
W: Word
L: Longword
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Takes the two's complement (arithmetic complement) of data
general register.

EXTU

W/L

Rd (zero extension) — Rd

Extends the lower 8 bits of a 16-bit register to word size, or th
bits of a 32-bit register to longword size, by padding with zero:
left.

EXTS

W/L

Rd (sign extension) — Rd
Extends the lower 8 bits of a 16-bit register to word size, or th
bits of a 32-bit register to longword size, by extending the sigr

Note:

* Refers to the operand size.

B: Byte
W: Word
L: Longword
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NOT B/W/L - (Rd) — (Rd)
Takes the one's complement (logical complement) of general re

contents.
Note: * Refers to the operand size.
B: Byte
W: Word
L: Longword

Table25 Shift Instructions

Instruction Size* Function

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

B: Byte

W: Word

L: Longword
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Inverts a specified bit in a general register or memory operanc
number is specified by 3-bit immediate data or the lower three
general register.

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

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

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

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

BIOR B C v = (<bit-No.> of <EAd>) - C
ORs the carry flag with the inverse of a specified bit in a genel
or memory operand and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.

Note: * Refers to the operand size.
B: Byte
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BILD B

carry flag.

- (<bit-No.> of <EAd>) —» C

Transfers the inverse of a specified bit in a general register or r
operand to the carry flag.

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

BST B

BIST B

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

- C — (<bit-No.> of <EAd>)

Transfers the inverse of the carry flag value to a specified bit in
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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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 NeV=0
BLT Less than NeV=1
BGT Greater than ZviN®V)=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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code register size is one byte, but in transfer to memory, data i
by word access.

ANDC CCR A #IMM — CCR

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

Logically ORs the CCR with immediate data.
XORC 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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else next;

Transfers a data block. Starting from the address set in ER5, 1
data for the number of bytes set in R4L or R4 to the address I
in ER6.

Execution of the next instruction begins as soon as the transfe
completed.
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Some instructions have two operation fields.
e Register Field
Specifies ageneral register. Address registers are specified by 3 bits, and data registe
bits or 4 bits. Some instructions have two register fields. Some have no register field.
o Effective Address Extension

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

e Condition Field
Specifies the branching condition of Bcc instructions.

(1) Operation field only

op NOP, RTS, etc.

(2) Operation field and register fields

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

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

op rn rm

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

EA(disp)

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

op cc EA(disp) BRA d:8

Figure2.7 Instruction Formats
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IVIUUTO.

Arithmetic and logic instructions can use the register direct and immediate modes. Data
instructions can use all addressing modes except program-counter relative and memory
Bit-manipulation instructions use register direct, register indirect, or the absolute addres
(@aa:8) to specify an operand, and register direct (BSET, BCLR, BNOT, and BTST ins
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 @ERnN
3 Register indirect with displacement @ (d:16,ERn)/@(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

#xXX:8/#xx:16/#xx:32

Program-counter relative

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

0| N[O O

Memory indirect

@ @aa:8

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

Register Indirect with Post-1ncrement or Pre-Decrement—@ERN+ or @-ERnN

Register indirect with post-increment—@ERN+

Theregister field of the instruction code specifies an address register (ERn) the lower
of which contains the address of a memory operand. After the operand is accessed, 1,
added to the address register contents (32 bits) and the sum is stored in the address re
The value added is 1 for byte access, 2 for word access, or 4 for longword access. For
or longword access, the register value should be even.

Register indirect with pre-decrement—@-ERn

Thevalue 1, 2, or 4 is subtracted from an address register (ERn) specified by the regi:
in the instruction code, and the lower 24 bits of the result is the address of a memory
Theresult is also stored in the address register. The value subtracted is 1 for byte acce
word access, or 4 for longword access. For the word or longword access, the register
should be even.

Absolute Address—@aa: 8, @aa; 16, @aa: 24

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

For an 8-bit absolute address, the upper 16 bits are all assumed to be 1 (H'FFFF). For a 1
absolute address the upper 8 bits are asign extension. A 24-bit absolute address can acce
entire address space.
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BNl A S EEEA AL BLEEA ALkt B o LAl

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

The ADDS, SUBS, INC, and DEC instructions contain immediate dataimplicitly. Some
mani pulation instructions contain 3-bit immediate data in the instruction code, specifyir
number. The TRAPA instruction contains 2-bit immediate datain its instruction code, s
vector address.

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

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

Memory Indirect—@@aa: 8

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

Note that the first part of the address range is also the exception vector area.
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25.2

Effective Address Calculation

Table 2.12 indicates how effective addresses are cal culated in each addressing mode. In't
the upper 8 bits of the effective address are ignored in order to generate a 16-bit effective

Table2.12 Effective Address Calculation (1)

No Addressing Mode and Instruction Format

Effective Address Calculation

Effective Address (EA)

1 Register direct(Rn)

[ o [m][m]

Operand is general register conte

2 | Register indirect(@ERn)

I General register contents |—

Lo [ ] ]

23

—L

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

31 0

I A

| General register contents

31

| Sign extension

=]

| disp

23

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

31

*Register indirect with pre-decrement @-ERn

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.
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F L —
abs
6 | Immediate
HXBHXX16/#xx:32 Operand is immediate data.
op IMM
7 Program-counter relative 23 Y
@(d:8,PC) @(d:16,PC) | PC contents h
op disp
23
8 Memory indirect @ @aa:8
‘ - s
(o [ =] o ]
23 16 15
[Legend]
r,rm,rn : Register field
op: Operation field
disp : Displacement
IMM : Immediate data
abs : Absolute address
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L Bus cycle o

<— T, state —wa— T, state —>

¢ ordsus

5

Internal address bus X Address

Internal read signal

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

A
>_

Internal write signal

Write data )—

Internal data bus
(write access)

Figure2.9 On-Chip Memory Access Cycle
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module.

Bus cycle

~— Tystate - T, state - Tsstate —»
¢ or¢sus
Internal X Address X
address bus J J
Internal -
read signal : \ : / :
Internal 1 - 1
data bus :)—( Read data )—

(read access) /

Internal : \ / :
write signal : : : :
Internal - -
Write data )_

:

(write access) ?

data bus
Figure2.10 On-Chip Peripheral Module Access Cycle (3-State Access)
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CPU state |——| Reset state
The CPU is initialized

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

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

—| Active (medium-speed) mode |-~~~

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

—l Subactive mode @ |---i

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

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

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

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

—| 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
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Figure2.12 State Transitions
2.8 Usage Notes

2.81 Noteson Data Accessto Empty Areas

The address space of this LS| includes empty areas in addition to the ROM, RAM, and «
I/O registers areas available to the user. When datais transferred from CPU to empty ar
transferred datawill be lost. This action may also cause the CPU to malfunction. When
transferred from an empty areato CPU, the contents of the data cannot be guaranteed.

2.8.2 EEPMOV Instruction

EEPMOV is ablock-transfer instruction and transfers the byte size of dataindicated by
RA4L, which starts from the address indicated by R5, to the address indicated by R6. Set
and R6 so that the end address of the destination address (value of R6 + R4L or R6 + R¢
exceed H'FFFF (the value of R6 must not change from H'FFFF to H'0000 during execut
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Example 1: Bit manipulation for the timer load register and timer counter

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

1. Dataisread in byte units.
2. The CPU sets or resets the bit to be manipulated with the bit-manipulation instruction
3. Thewritten dataiswritten 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 tirr
register. As aresult, bits other than the intended bit in the timer counter may be modified
modified value may be written to the timer load register.

Read
Count clock — Timer counter
Reload
Write
Timer load register

Internal data bus

Figure2.13 Exampleof Timer Configuration
with Two Registers Allocated to Same Address
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PCR5 0 0 1 1 1 1 1
PDR5 1 0 0 0 0 0 0

e BSET instruction executed instruction
BSET #0, @PDR5 The BSET instruction is executed for port 5.

o After executing BSET instruction
P57 P56 P55 P54 P53 P52 P51

Input/output Input Input OQutput  Output  Output Output  Output

Pin state Low High Low Low Low Low Low
level level level level level level level

PCR5 0 0 1 1 1 1 1

PDR5 0 1 0 0 0 0 0

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-I
input).
P55 to P50 are output pins, so the CPU reads the value in PDRS. In this example PD
value of H'80, but the value read by the CPU is H'40.

2. Next, the CPU sets hit 0 of the read datato 1, changing the PDR5 datato H'41.
3. Finally, the CPU writes H'41 to PDR5, completing execution of BSET instruction.
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P57 P56 P55 P54 P53 P52 P51
Input/output Input Input OQutput  Output  Output Output  Output
Pin state Low High Low Low Low Low Low

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

e BSET instruction executed
#0,

BSET @RAMO

o After executing BSET instruction

The BSET instruction is executed designating the
work area (RAMO).

MOV.B  @RAMO, ROL The work area (RAMO) value is written to PDR5.
MOV.B ROL, @PDR5
P57 P56 P55 P54 P53 P52 P51
Input/output Input Input Output  Output  Output Output  Output
Pin state Low High Low Low Low Low Low
level level level level level level level
PCR5 0 0 1 1 1 1 1
PDR5 1 0 0 0 0 0 0
RAMO 1 0 0 0 0 0 0
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Hnipuvouutlputl Hiput Hniput Juiputl uLputl Juliput vulput uipyut
Pin state Low High Low Low Low Low Low
level level level level level level level
PCR5 0 0 1 1 1 1 1
PDR5 1 0 0 0 0 0 0

e BCLR instruction executed

BCLR

@PCR5

o After executing BCLR instruction

The BCLR instruction is executed for PCR5.

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

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

e Description on operation

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

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

3. Finally, H'FE iswritten to PCR5 and BCLR instruction execution ends.
Asaresult of this operation, bit 0 in PCR5 becomes 0, making P50 an input port. He
bits 7 and 6 in PCR5 change to 1, so that P57 and P56 change from input pins to out
To prevent this problem, store a copy of the PDR5 datain awork areain memory ar

manipulate data of the bit in the work area, then write this datato PDR5.
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PDR5 1 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1

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

o After executing BCLR instruction

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

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

level level level level level level level
PCR5 0 0 1 1 1 1 1
PDR5 1 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1
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Exception handling starts when atrap instruction (TRAPA) is executed. A vector ad
corresponding to a vector number from 0 to 3 which are specified in the instruction
generated. Exception handling can be executed at all timesin the program execution
regardless of the setting of the | bit in CCR.

Interrupts
External interrupts other than the NMI and internal interrupts are masked by the | bi

and kept pending whilethe | bit is set to 1. Exception handling starts when the curre
instruction or exception handling ends, if an interrupt is requested.

Rev. 3.00 May 15, 2007 Pa
RENESAS REJOS



NMI

H'000E to H'000F

External interrupt

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

TRAPA #0

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

TRAPA #1

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

TRAPA #2

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

TRAPA #3

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

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

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

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

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

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

RTC 0.25-second overflow 23 H'002E to H'002F
0.5-second overflow 24 H'0030 to H'0031
Second periodic overflow 25 H'0032 to H'0033
Minute periodic overflow 26 H'0034 to H'0035
Hour periodic overflow 27 H'0036 to H'0037
Day-of-week periodic overflow 28 H'0038 to H'0039
Week periodic overflow 29 H'003A to H'003B
Free-running overflow 30 H'003C to H'003D
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lcz* Transmit data empty (11C2)
Transmit end (11C2)
Receive data full (11C2)
NACK detection (1IC2)
Arbitration (1IC2)
Overrun error (11IC2)
Timer W Input capture A/compare match A 35 H'0046 to H'0047
Input capture B/compare match B
Input capture C/compare match C
Input capture D/compare match D

Overflow
— Reserved for system use 36 H'0048 to H'0049
SCI3 Transmit end 37 H'004A to H'004B

Transmit data empty

Receive data full

Overrun error

Framing error

Parity error
A/D converter A/D conversion end 38 H'004C to H'004D
Reserved for system use 39 H'004E to H'004F

Note: * The SSU and IIC share the same vector address. When using the IIC, shift tF
standby mode using CKSTPR2.
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roOl Ucialls, oSt oCclLLUVI 1J, TOWwWeI=Ull ntotL UITUUIL.
Watchdog timer When the counter overflows
For details, see section 12, Watchdog Timer.

321 Reset Exception Handling

When areset source is generated, all the processing in execution is terminated and this L.
the reset state. The internal state of the CPU and the registers of the on-chip peripheral m
areinitialized by areset.

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

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

After areset source is generated, this LS| starts reset exception handling as follows.

1. Theinternal state of the CPU and the registers of the on-chip peripheral modules are
initialized, and the | bitin CCRissetto 1.

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

The reset exception handling sequence by the RES pin is shown in figure 3.1.
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oiytial

Internal data :
bus (16 bits) ! @) ©)

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

Figure3.1 Reset Exception Handling Sequence

322 Interrupt Immediately after Reset

Immediately after areset, if an interrupt is accepted before the stack pointer (SP) isiniti
and CCR will not be pushed onto the stack correctly, resulting in program runaway. To
this, immediately after reset exception handling all interrupts are masked. For this reaso
initial program instruction is always executed immediately after areset. Thisinstructior
initialize the stack pointer (e.g. MOV .L #xx: 32, SP).
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T
9]
o

Q1 Input Maskable external interrupt pins

Input Rising or falling edge can be selected

34

Register Descriptions

Theinterrupt controller has the following registers.

Interrupt edge select register (IEGR)
Interrupt enable register 1 (IENR1)
Interrupt enable register 2 (IENR2)
Interrupt flag register 1 (IRR1)
Interrupt flag register 2 (IRR2)
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5] — ) — Rneserved
This bit is always read as O.
5 ADTRGNEG 0 R/W ADTRG Edge Select
0: Detects a falling edge of the ADTRG pin ir
1: Detects a rising edge of the ADTRG pin in
4t02 — AllO — Reserved
The write value should always be 0.
1 IEG1 0 R/W IRQ1 Edge Select
0: Detects a falling edge of the IRQT pin inpt
1: Detects a rising edge of the IRQ1 pin inpu
0 IEGO 0 R/W IRQO Edge Select

0: Detects a falling edge of the IRQO pin inpL
1: Detects a rising edge of the IRQO pin inpu
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T WIILC valuC oSllUUIU divwvadayo VT U.

2 IENEC2 0 R/W IRQAEC Interrupt Request Enable

The IRQAEC interrupt request is enabled when |
setto 1.

1 IENA1 0 R/W IRQ1 Interrupt Request Enable

The IRQ1 interrupt request is enabled when this
to 1.

0 IENO 0 R/W IRQO Interrupt Request Enable

The IRQO interrupt request is enabled when this
to 1.
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Vit 1o OCL WL 1.

5t03 — AllO — Reserved
The write value should always be 0.
2 IENTB1 0 R/W Timer B1 Interrupt Request Enable
The timer B1 interrupt request is enabled when
setto 1.
1 — 0 — Reserved
The write value should always be 0.
0 IENEC 0 R/W Asynchronous Event Counter Interrupt Reques

The asynchronous event counter interrupt requ
enabled when this bit is set to 1.
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When the P12 pin is set to the IRQAEC/AECPW
and the specified edge is detected as the pin sta

[Clearing condition]
When 0 is written to this bit

1 IRRI1 0 R/(W)*

IRQ1 Interrupt Request Flag
[Setting condition]

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

[Clearing condition]
When 0 is written to this bit

0 IRRIO 0 R/(W)*

IRQO Interrupt Request Flag
[Setting condition]

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

[Clearing condition]
When 0 is written to this bit

Note: * Only 0 can be written to clear the flag.
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[oetling conaition]
When A/D conversion ends
[Clearing condition]

When 0 is written to this bit

5t03 — AllO — Reserved
The write value should always be 0.
2 IRRTB1 0 R/(W)* Timer B1 Interrupt Request Flag

[Setting condition]

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

When 0 is written to this bit

1 — 0 — Reserved
The write value should always be 0.

0 IRREC 0 R/(W)* Asynchronous Event Counter Interrupt Reques
[Setting condition]

When the asynchronous event counter overflov
[Clearing condition]
When 0 is written to this bit

Note: * Only 0 can be written to clear the flag.
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(2) IRQ1and IRQO Interrupts
IRQ1 and IRQO interrupts are requested by input signals at IRQ1 and IRQO pins.

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

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

Clearing the IEN1 and IENO bitsin IENR1 to 0 disables the interrupt request to be accep
Setting the | bitin CCR to 1 masks all interrupts.

(3) IRQAEC Interrupts

An IRQAEC interrupt is requested by an input signal at the IRQAEC pin or IECPWM (F
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 bitsin AEGSR, it is possible to select whether an interrt
generated by arising edge, falling edge, or both edges.

When the IENEC2 bit in IENR1 is set to 1 and the specified edge isinput, the corresponc
IRR1 isset to 1 and an interrupt request is generated. For details, see section 13, Asynchr
Event Counter (AEC).
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NMI interrupts are accepted at all times except in the reset state. In the case of IRQ inte
on-chip peripheral module interrupts, an enable bit is provided for each interrupt. Cleari
enable bit to 0 disables the corresponding interrupt request. Interrupt sources for which 1
bits are set to 1 are controlled by the interrupt controller.

Figure 3.2 shows ablock diagram of the interrupt controller. Figure 3.3 shows the flow
interrupt acceptance.

Interrupt operation is described as follows.

1.

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

When the interrupt controller receives an interrupt request, it sets the interrupt reque
From among the interrupts with interrupt request flags set to 1, the interrupt controll
the interrupt request with the highest priority and holds the others pending (see table
Theinterrupt controller checksthe bit of CCR. If the| bit is O, the selected interrug
is accepted; if thel bitis 1, theinterrupt request is held pending.

If the interrupt request is accepted, after processing of the current instruction is comj
both PC and CCR are pushed onto the stack. The state of the stack at thistimeis shc
figure 3.5. The PC value pushed onto the stack is the address of the first instruction
executed upon return from interrupt handling.

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

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

|I| CCR (CPU)

Figure3.2 Block Diagram of Interrupt Controller
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IRRAD =1

IENAD =1

< Yes

No

Yes

PC contents saved |

Y

CCR contents saved |

v

l 1 I

| Branch to interrupt handling routine |

[Legend]

PC: Program counter

CCR: Condition code register

I: | bit of CCR

Figure3.3 Flow up to Interrupt Acceptance
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Figure3.4 Interrupt Exception Handling Sequence
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— oF + 4 | | even aaaress
Stack area I/\/I

Prior to start of interrupt ——— = After completion of interrupt
exception handling PC and CCR exception handling
saved to stack
[Legend]
PCH: Upper 8 bits of program counter (PC)
PCL: Lower 8 bits of program counter (PC)
CCR: Condition code register
SP: Stack pointer

Notes: 1. PC shows the address of the first instruction to be executed upon return from the interrupt
handling routine.
2. Register contents must always be saved and restored by word length, starting from
an even-numbered address.
* Ignored when returning from the interrupt handling routine.

Figure3.5 Stack Statusafter Exception Handling

371 Interrupt Response Time

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

Table3.4 Interrupt Wait States

Item States Total
Waiting time for completion of executing instruction* 1to 23 15 to 37
Saving of PC and CCR to stack 4

Vector fetch

2
Instruction fetch 4
Internal processing 4
Note: * Excluding EEPMOV instruction.
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PCH SP — R1L
SP — PCL PC |
SP — H
BSR instruction MOV.B RIiL, @-R7
SP set to H'FEFF Stack accessed beyond SP Contents of PC  argqjost
[Legend]

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

SP: Stack pointer

Figure3.6 Operation when Odd Addressis Set in SP

When CCR contents are saved to the stack during interrupt exception handling or restore
an RTE instruction is executed, this also takes place in word size. Both the upper and low
of word data are saved to the stack; on return, the even address contents are restored to C
the odd address contents are ignored.
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if avalid edge has not arrived or{ the selected IRQAEC or | ECPVVM (P\NM' outbut fort
Therefore, be sureto clear the interrupt request flag to 0 after switching the pin function

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

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

An aternative method isto avoid the setting of interrupt request flags when pin functior
switched by keeping the pins at the high level. However, the procedure in figure 3.7 is
recommended because IECPWM is an internal signal and determining its valueis comp

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

| Set PFCR and PMRB (or AEGSR) bit |

After setting PFCR and PMRB

(or AEGSR) bit, first execute at least

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

| Clear interrupt request flag to 0 |

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

Figure3.7 PFCR and PMRB (or AEGSR) Setting
and Interrupt Request Flag Clearing Procedure
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BCLR #1, @IRR1:8
Example 2:
MOV.B R1L, @IRR1:8 (set the value of RI1L to B'11111101)

e Example of amalfunction

When flags are cleared with multiple instructions, other flags might be cleared during
execution of the instructions, even though they are currently set, and thiswill cause a
malfunction.

Hereisan example in which IRRIO is cleared and disabled in the process of clearing |
(bit 1in IRR1).

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

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

The IRQO interrupt is disabled because, although the original objectiveis clearing IR
IRRIO isaso cleared.

3.84  Conflict between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to 0 to disable interrupts, the disabling becomes e
after execution of the instruction. When an interrupt enable bit is cleared to 0 by an instrt
such as BCLR or MOV, and if an interrupt is generated during execution of the instructic
interrupt concerned will still be enabled on completion of the instruction, and so interrup
exception handling for that interrupt will be executed on completion of the instruction. W
interrupt source flag is cleared to 0, the interrupt concerned will be ignored.
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With the EEPM OV .B ingtruction, an interrupt request (including NM1) issued during trz
not accepted until the transfer is compl eted.

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

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

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

387 IENR Clearing

When an interrupt request is disabled by clearing the interrupt enable register or when t!
flag register is cleared, the interrupt request should be masked (I bit = 1). If the above o
executed while the | bit is 0 and conflict between the instruction execution and the inter
reguest generation occurs, exception handling, which corresponds to the interrupt reque
generated after instruction execution of the above operation is completed, is executed.
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osct _E_> Séllit;:n ¢dosc -~ System 222;186 > E ¢
0SC2 <—| . (fosc) o clock osc/32 | ! | ———
: oscillator > divider [dosc/64 > | Prescaler S
' On-chip | Rosc ' (13 bits)
! oscillator | (frosc) ' —‘ -
| System clock pulse j > Hosc
generator | ] H
H On-chip ]_» }
1 L»-1 oscillator ow2 E
X1 —— Subclock o clock divider . S(Lj{bp(ljock owa || > dsus
X2 <——| oscillator (W) vider - fows || '

}

_ | Prescaler W
(8 bits)

Subclock pulse generator

[Legend]
OSCCR: Oscillator control register

Figure4.1 Block Diagram of Clock Pulse Generators

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

CPGO200A_000020020200 Rev. 3.00 May 15, 2007 Pa
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Controls start and stop of the subclock oscillat:
the subclock is not used, set this bit to 1.

0: Subclock oscillator operates
1: Subclock oscillator stops

6 RFCUT 0 R/W

On-chip Feedback Resistance Control

Selects whether the on-chip feedback resistan
system clock oscillator is used when an extern
is input or when the on-chip oscillator is used.

After setting this bit in the state in which an ex
clock is input or the on-chip oscillator is used,
temporarily transit to standby mode, watch mo
subactive mode. The setting of whether the fee
resistance in the system clock oscillator is use:
takes effect when standby mode, watch mode,
subactive mode is entered.

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

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

5 SUBSEL 0 R/W

Subclock Select

Selects by which oscillator the subclock pulse
generator operates.

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

Note: The SUBSEL bit setting can be changec
when the subclock is not being used.
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1: On-chip oscillator operates (system clock c
halted)

0 — 0 — Reserved
The write value should always be 0.
Note: * The value depends on the state of the E7_2 pin. Refer to table 4.1.
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crystal resonator should be used. For notes on connectl ng, refer to sectlon 4 5.2, Notes or
Design.

Cq

0sCt :T' |}
osc2 _L|C2|}

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

Figure4.2 Typical Connection to Crystal Resonator

422  Connecting Ceramic Resonator

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

Cy
osct——1— b
= C»
osce}l— | =1

Frequency |Manufacturer C1, C2 Recommendat

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

Figure4.3 Typical Connection to Ceramic Resonator
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Figure4.4 Example of External Clock Input

424  On-Chip Oscillator Selection Method

The on-chip oscillator is selected by the E7_2 pin input level during areset. The methoc
selecting the system clock oscillator and on-chip oscillator are shown intable 4.1. Thei
on the E7_2 pin during areset is pulled up or down using aresistor according to the sel¢
oscillator, and fixed on exit from the reset state.

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

Notes: 1. When programming or erasing the flash memory, such as performing on-boz
programming, the system clock oscillator must be selected. When the on-chi
is used, even though the on-chip oscillator is selected, connect aresonator or
external clock.

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

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

Oscillator in System Clock Pulse

E7_2 Pin Input Level (during Reset) Generator O¢
0 On-chip oscillator
1 System clock oscillator 0
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X1

T
X2 11
Frequency |Manufacturer Products Name | Equivalent Series Resistan
38.4kHz |EPSON TOYOCOM CORPORATION | C-4-TYPE 30 kQ (max.)
32.768 kHz |EPSON TOYOCOM CORPORATION | C-001R 35 kQ (max.)

Cy=C2 =7pF (typ.)

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

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

1. When the resonator other than ones listed above is used, perform matching evaluatior
crystal resonator manufacture and connect it under the optimum condition. Even whe
resonator listed above or the equivalent is used, as the oscillation characteristics depe
board specification, perform matching evaluation on the mounting board.

2. Perform matching evaluation in the reset state (the RES pin islow) and on exit from t
state (the RES pin is driven from low to high).
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Figure4.6 Equivalent Circuit of 32.768-kHz/38.4-kHz Crystal Resonatol

4.3.2  Pin Connection when not Using Subclock

When the subclock is not used, connect the X1 pin to GND and leave the X2 pin open,
infigure4.7.

X1
Jy GND

X2 p|————— Open

Figure4.7 Pin Connection when not Using Subclock
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Figure4.8 Pin Connection when Inputting External Clock

Frequency Watch Clock (¢,,)
Duty 45% to 55%

434 On-Chip Oscillator Selection Method

The on-chip oscillator is selected by the SUBSEL bit in OSCCR. When the on-chip oscil
selected, aresonator no longer needs to be connected to the X1 and X2 pins. In such aca
X1 pin at GND.
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Prescaler Sis a 13-bit counter using the system clock (¢) asitsinput clock. A divided o
used as an internal clock of an on-chip peripheral module. Prescaler Sisinitialized to H
reset, and starts counting up on exit from the reset state. In standby mode, watch mode,
mode, and subsleep mode, prescaler S stops and isinitialized to H'0000. The CPU cann
from or writeto prescaler S.

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

442 Prescaler W

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

Rev. 3.00 May 15, 2007 Pa
RENESAS REJOS



E

Avee [ ]| (vss) =N

Figure4.9 Exampleof Crystal and Ceramic Resonator Assignment
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0OSC1

0SsC2

Negative resistance,

addition of -R

(1) Negative Resistance Measuring Circuit

Modification
point
)

o

——

(3) Oscillator Circuit Modification Suggestion 2

+—i—

OSC1

0SC2

point —
||
1T 0osC
)lf o
1 I OSC:
J' c2

(2) Oscillator Circuit Modification Sugges

+—i—

Modification
point

.13 B

=
|} 1_ 0SC:
,J, c2

(4) Oscillator Circuit Modification Sugges

Figure4.10 Negative Resistance M easurement and Circuit M odification Sugg
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Figure4.11 Example of Incorrect Board Design

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

45.3 Definition of Oscillation Stabilization Wait Time

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

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

(1) Oscillation Start Time

The time from the point at which the system clock oscillator oscillation waveform startst
when an interrupt is generated, until the system clock starts to be generated.
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Oscillation
start time

Wait time

Standby mode,
watch mode, I I o Active (high-speed) n
or subactive Oscillation stabilization wait time active (medium-spee
mode

Operating mode

Interrupt accepted

Figure4.12 Oscillation Stabilization Wait Time

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

Therefore, when atransition is made from standby mode, watch mode, or subactive moc
active (high-speed/medium-speed) mode, with an resonator connected to the system clo
oscillator, careful evaluation must be carried out on the mounting circuit before decidin
oscillation stabilization wait time. For the wait time, secure the time required for the am
the oscillation waveform to increase and the oscillation frequency to stabilize. In additic
the oscillation start time differs according to mounting circuit constants, stray capacitan
forth, suitable constants should be determined in consultation with the resonator manufe
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the power supply potential. In this state, the oscillation waveform may be disrupted, |eadi
unstable system clock and incorrect operation of the microcomputer.

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

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

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

45.6 Noteon Using Power-On Reset

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

45.7 Noteon Using On-Chip Emulator

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

The CPU and al on-chip peripheral modules are operable on the subclock. The subc
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 s
clock frequency can be selected from ¢/8, d,/16, ¢oo/32, and ¢../64.

Subsleep mode

The CPU halts. The on-chip peripheral modules are operable on the subclock. The s
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-¢
peripheral modules that are not used in module units.

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

called active mode.
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Initial
Bit Bit Name Value R/W Description
7 SSBY 0 R/W Software Standby
Selects the mode to transit after the execution
SLEEP instruction.
0: A transition is made to sleep mode or subsle
mode.
1: A transition is made to standby mode or wa
For details, see table 5.2.
STS2 0 R/W Standby Timer Select 2 to 0
STSH 0 R/W Designate the time the CPU and peripheral mc
4 STSO 0 R/W wait for stable clock operation after exiting fron

mode, subactive mode, or watch mode to activ
or sleep mode due to an interrupt. The design:
should be made according to the operating fre
so that the waiting time is at least equal to the
oscillation stabilization time. The relationship b
the specified value and the number of wait sta
shown in table 5.1.

When an external clock is to be used, the mini
value (STS2=1,STS1=1,and STS0=1) is
recommended. When the on-chip oscillator is t
used, the minimum value (STS2 = 1, STS1 =1
STSO0 = 1) is recommended. If a setting other t
recommended value is made, operation may s
before the end of the waiting time.
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speed) mode and sleep (medium-speed) moc
MA1 and MADO bits should be written to in acti
speed) mode or subactive mode.

00: ¢ps/8

01: ¢ /16
10: ¢,/32
11: ¢ /64

Table5.1 Operating Frequency and Waiting Time

Bit Operating Frequency and Waiting Time

STS2 STS1 STSO Waiting States 10 MHz 8 MHz 6 MHz 5 MHz 4.194MHz 3 MHz

0 0 0 8,192 states 819.2 1,024.0' 1,365.3*' 1,638.4 1953.3 2,730.7
1 16,384 states 1,638.4 2,048.0 2,730.7 3,276.8 3906.5 5,461.3
1 0 1,024 states 102.4 128.0 170.7 204.8 244.2 341.3
1 2,048 states 204.8 256.0 341.3 409.6 488.3 682.7
1 0 0 4,096 states 409.6 512.0 682.7+'  819.2*'  976.6 1,365.3
1 256 states 25.6 32.0 42.7%* 51.2%* 61.0 85.3**
1 0 512 states 51.2 64.0%* 85.3+* 102.4 1221 170.7
1 16 states 1.6 2.0 2.7 3.2 3.8 5.3

Notes: Time unit is ps.
|:| : Recommended value when crystal resonator is used (Vcc =2.7 V to 3.6 V)
[ : Recommended value when ceramic resonator is used (Vcc = 2.2 V to 3.6 V
1. Reference value when crystal resonator is used
2. Reference value when ceramic resonator is used
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clock signal (¢,,) and the system clock pulse ge
generates the oscillator clock (¢..). This bit se
sampling frequency of ¢, when ¢,, is samplec
system clock is used, clear this bit to 0.When t
chip oscillator is selected, set this bitto 1.

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

3 DTON 0 R/W

Direct Transfer on Flag

Selects the mode to which the transition is ma
the SLEEP instruction is executed with bits SS
TMAS, and LSON in SYSCR1 and bit MSON ii
SYSCR2. For details, see table 5.2.

2 MSON 0 R/W

Medium Speed on Flag

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

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

SA1 0 R/W
0 SAO 0 R/W

Subactive Mode Clock Select 1 and 0

Select the operating clock frequency in subact
subsleep modes. The operating clock frequenc
changes to the set frequency after the SLEEP
instruction is executed.

00: ¢,/8
01: ¢, /4
10: ¢,/2
11: ¢,
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S3CKSTP

R/W

SCI3 Module Standby*'
SCI3 enters standby mode when this bit is cle

Reserved
This bit is always read as 0 and cannot be m¢

ADCKSTP

R/W

A/D Converter Module Standby

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

Reserved
This bit is always read as 0 and cannot be m¢

TB1CKSTP

R/W

Timer B1 Module Standby

Timer B1 enters standby mode when this bit i
to 0.

FROMCKSTP*?

R/W

Flash Memory Module Standby

Flash memory enters standby mode when thi
cleared to 0.

RTCCKSTP

R/W

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

4 SSUCKSTP 0 R/W

SSU Module Standby

The SSU enters standby mode when this bit is
to 0.

3 AECCKSTP 0 R/W

Asynchronous Event Counter Module Standby

The asynchronous event counter enters stand|
when this bit is cleared to 0.

2 WDCKSTP 1 R/W*®

Watchdog Timer Module Standby

The watchdog timer enters standby mode whe
is cleared to 0.

1 COMPCKSTP 0 R/W

Comparator Module Standby

The comparators enter standby mode when th
cleared to 0.

Reserved

This bit is always read as 0 and cannot be mo«

Notes: 1. When the SCI3 module standby is set, all registers in the SCI3 enter the reset
2. When using the on-chip emulator, set this bit to 1.
3. This bit is valid when the WDON bit in TCSRW is 0. If this bit is cleared to 0 wl
WDON bit is set to 1 (while the watchdog timer is operating), this bit is cleared
However, the watchdog timer does not enter module standby mode and contin
operating. When the WDON bit is cleared to 0 by software, this bit is valid and
watchdog timer enters module standby mode.
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I p AClIVE | I ol :
1 (medium-speed) | ! (medium-speed) .
i SLEEP ! mode : D+ mode |
1 . . 1
I instruction { ' |
| ] seeerD) | |
! instruction ' |
| I H :
i SLEEP 1/ sieep |
1 ngluction /i/ instruction | |
i SLEEP ' i |
1 . . 1
! instruction H ! :
1 |
i ( | SLEEP ® i |
! Subactive 1 instruction™~ ! Subslee |
! ; mode ' o—! P |
! i ! ! hd : mode |
1 | TN ———— | 1 |
L —— J L | ] :
— : Transition is made after exception handling D Power-down modes
is executed.
Mode Transition Conditions (1) Mode Transition Conditions (2)
LSON MSON SSBY TMA3 DTON Interrupt Sources

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

® 0 1 0 X 0 AEC, and timer B1

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

@ 0 X 1 0 0 @ |Allinterrupts

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

® 0 0 0 X 1 AEC

[©) 0 1 0 X 1

® 0 1 1 1 1

(@) 1 X 1 1 1

® 1 1 1 1 1

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

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

Figure5.1 Mode Transition Diagram
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0 0 0 X 1 Active (high-speed) mode (direct —
transition)
0 1 0 X 1 Active (medium-speed) mode —
(direct transition)
1 X 1 1 1 Subactive mode (direct transition) |—
Active 0 0 0 X 0 Sleep (high-speed) mode Active (high-spe
(medium- 0 1 0 X 0 Sleep (medium-speed) mode Active (medium
speed) mode
0 0 1 0 0 Standby mode Active (high-spe
0 1 1 0 0 Standby mode Active (medium
0 0 1 1 0 Watch mode Active (high-spe
0 1 1 1 0 Watch mode Active (medium
1 1 1 1 0 Watch mode Subactive mode
0 0 0 X 1 Active (high-speed) mode (direct |—
transition)
0 1 0 X 1 Active (medium-speed) mode —
(direct transition)
1 1 1 1 1 Subactive mode (direct transition) |—
Subactive 1 X 0 1 0 Subsleep mode Subactive mode
mode 0 0 1 1 0 Watch mode Active (high-spe
0 1 1 1 0 Watch mode Active (medium
1 X 1 1 0 Watch mode Subactive mode
0 0 1 1 1 Active (high-speed) mode (direct |—
transition)
0 1 1 1 1 Active (medium-speed) mode —
(direct transition)
1 X 1 1 1 Subactive mode (direct transition) |[—
[Legend] x: Don’t care.
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neyisicios

I/0
External NMI Functions Functions Functions Functions Functions Functions Functions
interrupts IRQO
IRQ1
IRQAEC
Peripheral Timer B1 Functions Functions Functions Functions Functions/ Functions/ Functions/
modules Retained*’ Retained** Retained**
Timer W Retained Functions/ Functions/
Retained*® Retained*®
WDT Functions/ Functions/ Functions/
Retained*® Retained*® Retained*®
RTC Functions/  Functions/ Functions/
Retained*® Retained*® Retained**
Asynchro- Functions  Functions  Functions
nous event
counter
SCI3/ Reset Functions/ Functions/
IrDA Retained*” Retained*’
lIc2 Retained Retained  Retained
SSuU Retained Functions/ Functions/
Retained*® Retained*®
A/D Retained Functions/ Functions/
Retained*® Retained*®
Comparator Functions  Functions  Functions

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

otherwise.
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521 Seep Mode

In sleep mode, CPU operation is halted but the system clock oscillator, subclock oscilla
on-chip peripheral modules function. In sleep (medium-speed) mode, the on-chip peript
modules function at the clock frequency set by the MA1 and MAO bitsin SY SCR1. CP!
contents are retained.

Sleep modeis cleared by an interrupt. When an interrupt is requested, sleep mode is cle;
interrupt exception handling starts. Sleep mode is not cleared if the | bit in CCR is set tc
requested interrupt is disabled by the interrupt enable bit. After sleep modeis cleared, a
is made from deep (high-speed) mode to active (high-speed) mode or from sleep (medil
mode to active (medium-speed) mode.

When the RES pin goes low, the CPU goes into the reset state and sleep mode is clearec
interrupt request signa is synchronous with the system clock, the maximum time of 2/¢
delayed from the point at which an interrupt request signal occurs until the interrupt exc
handling is started.
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to active (high—speéd) or éctive (medi urﬁ—speed) mode accor'di ng to the MSON hit in SY
Standby mode is not cleared if the | bit in CCR is set to 1 or the requested interrupt is dis
the interrupt enable bit.

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

5.2.3 Watch Mode

In watch mode, the system clock oscillator and CPU operation stop, and on-chip peripher
modules stop functioning except for the WDT, RTC, timer B1, asynchronous event coun
comparators. However, as long as the rated voltage is supplied, the contents of CPU regis
some on-chip peripheral module registers, and on-chip RAM areretained. The 1/0 portsi
their state before the transition.

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

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

5.25 Subactive Mode

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

Subactive mode is cleared by the SLEEP instruction. When subactive mode is cleared,
to subsleep mode, active mode, or watch mode is made, depending on the combination
SSBY, LSON, and TMA3 in SY SCR1 and bits MSON and DTON in SY SCR2.

When areset source is generated in subactive mode, the system clock oscillator starts. I
generated by the RES pin, it must be kept low until the system clock oscillator output st
andthet. period has elapsed. The CPU starts reset exception handling when the RES |
driven high.

The operating frequency of subactive mode is selected from ¢,, (watch clock), ¢,,/2, ¢,/
by the SA1 and SAO hitsin SY SCR2. After the SLEEP instruction is executed, the oper
frequency changes to the frequency which is set before the execution.
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goes IoW,'the .CPU' goesinto the reset state and active (medi um-sleep) mode is cleared.
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5.3.1 Direct Transition from Active (High-Speed) Mode to Active (Medium-Spe

When a SLEEP instruction is executed in active (high-speed) mode while the SSBY anc
bitsin SY SCR1 are cleared to 0 and the MSON and DTON bitsin SYSCR2 are setto 1
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 exceptior
(the direct transition time) is calculated by equation (1).

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

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

For the legend of symbols used above, refer to section 21, Electrical Characteristics.
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exception handling execution states) x (tsubcyc after transition).
Example: When ¢w/8 is selected as the subactive operating clock after the transit
Direct transitiontime = (2 + 1) x 1tosc + 14 x 8tw = 3tosc + 112tw

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

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

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

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

Direct transition time = { (Number of SLEEP instruction execution states) + (Number of i
processing states)} x (tcyc before transition) + (Number of inter|
exception handling execution states) x (tcyc after transition)... ..

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

For the legend of symbols used above, refer to section 21, Electrical Characteristics.
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Example: When ¢osc/8 and ¢w/8 are selected as the CPU operating clock before
the transition, respectively

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

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

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

When a SLEEP instruction is executed in subactive mode whilethe SSBY and TMA3 b
SYSCR1 are set to 1, the LSON bit in SYSCR1 is cleared to 0, the MSON bit in SY SCF
cleared to 0, and the DTON bit in SY SCR2 is set to 1, atransition is made directly to ac
speed) mode viawatch mode after the waiting time set in bits STS2 to STS0 in SY SCR:
elapsed.

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

Direct transition time = {(Number of SLEEP instruction execution states) + (Number of
processing states)} x (tsubcyc before transition) + (Wait time s
STS2 to STS0) + (Number of interrupt exception handling exex
states) x (tcyc after transition)........o.ocoeveviviiine i e,

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

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

For the legend of symbols used above, refer to section 21, Electrical Characteristics.
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STS2 to STSO) + (Number of interrupt exception handling exect
states) x (tcyc after transition)........ooovvveviiiie e

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

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

For the legend of symbols used above, refer to section 21, Electrical Characteristics.
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Input Signal Changes beforé/after Standby Mode.
o Direct transition from subactive mode to active (medium-speed) mode

Since the mode transition is performed via watch mode, see section 5.6.2, Notes on |
Input Signal Changes before/after Standby Mode.
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generation circuit (¢,, = R,./32), and system clock generation circuit (¢oe. = Roeo)-

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

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

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

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

The on-chip oscillator operates at areset and after areset, because the watchdog timer (W
selects the on-chip oscillator as the clock source for the initial value.
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Internal data bus X SLEEP instruction fetch X Next instruction fetch X

) ) ) Internal
SLEEP instruction execution  processing |
o oTHCTION CHOELAON, Rrocessing

Pins Port output X High-impedai

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

Figure5.2 Standby Mode Transition and Pin States

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

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

When an external input signal such as NMI, IRQO, IRQ1, or IRQAEC isinput, both the
low-level widths of the signal must be at least two cycles of system clock ¢ or subclock
(referred to together in this section as the internal clock). Astheinternal clock stopsin ¢
mode and watch mode, the width of external input signals requires careful attention whe
transition is made via these operating modes. Ensure that external input signals conform
conditions stated in (3), Recommended Timing of External Input Signals, below.
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least 2 woyc OF 2 wsubeyc re necessary before atransition is made to standby mode or watch m
shown in "Capture possible: case 1."

External input signal capture is aso possible with the timing shown in " Capture possible:
and "Capture possible: case 3," in which a2 wyc0r 2 tsuneyclevel width is secured.

Capture possible: case 3

Capture not possible

Active (high-speed, medium-speed) Standby mode or ?Il?lae::gfnor 0SC°| Active (high-speed, med
Operating mode mode or subactive mode watch mode P mode or subactive mode
stabilization
1 teye 1 teye ' teyc | ' 1 teye
\ tsubcyc | tsubcyc | tsubcyc ' 1 tsubcyc
T 1 bl 1 1 1
¢ or 6SUB | | | | | | | | l |
External input signal ' ' ' ' '
'
Capture possible: case 1 I ! ! ! ! | '
T T T T
: : : : L
'
0 h h h
' | | |
' '

'
'
Capture possible: case 2 ] |
'
0
'
'

i

Interrupt by different signal

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

(4) Input Pinsto which these Notes Apply

NMI, IRQO, IRQ1, IRQAEC, and ADTRG
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On-board programming/erasure can be done in boot mode, in which the boot progra
into this LSl is started to erase or program of the entire flash memory. In normal use
mode, individual blocks can be erased or programmed.

e Automatic bit rate adjustment

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

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

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

e Module standby mode

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

Note: The system clock oscillator must be used when programming or erasing the flas
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1 Kbyte

H0380 ' HO0381 ! HO0382 ! ' HO3FF

H0400 | HO0401 ! HO402 | e Programming unit: 128 bytes = | HO047F
Erasing unit H'0480 ' H'0481 | H'0482 | . H'04FF
1 Kbyte ! : : :

H0780 : HO0781 '@ H0782 ! ! HO7FF

H'0800 ! H'0801 ! H'0802 ! - Programming unit: 128 bytes —» | H'087F
Erasingunit| H0880 | HO0881 ! H0882 ! ! HOSFF
1 Kbyte | l

HOB8O @ HOB81 : HOBS2 ! ! HOBFF

H'0C00 : H'0CO01 : H'0C02 : ~«+— Programming unit: 128 bytes —» : H'0OC7F
Erasingunit | H0C80 | HO0C81 ! HOCS2 | | HOGFF
1 Kbyte : ' ‘ |

HOF80 @ HOF81 @ HOF82 ! ! HOFFF

H1000 | H1001 ! H1002 | = Programming unit: 128 bytes == ' H107F
Erasing unit H'1080 ; H'1081 , H'1082 , . H10FF
12 Kbytes | 1 1 :

H'3F80 | H3F81 | H3F82 | | H3FFF

Figure6.1 Flash Memory Block Configuration
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6.2.1 Flash Memory Control Register 1 (FLMCR1)

FLMCRL1 is aregister that makes the flash memory enter the programming mode, progr
verifying mode, erasing mode, or erasing-verifying mode. For details on register setting
section 6.4, Flash Memory Programming/Erasure.

Initial

Bit Bit Name Value R/W Description

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

6 SWE 0 R/W Software Write Enable
When this bit is set to 1, flash memory
programming/erasure is enabled. When this bit
to 0, other FLMCR1 register bits and all EBR1 |
be set.

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

4 PSU 0 R/W Program Setup

When this bit is set to 1, the flash memory ente
programming setup state. When it is cleared to
programming setup state is released. Set this L
before setting the P bit in FLMCR1 to 1.
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When this bit is set to 1 while SWE=1 and ESU-
flash memory enters the erasing mode. When it
to 0, the erasing mode is released.

0 P 0 R/W Program

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

6.2.2 Flash Memory Control Register 2 (FLMCR2)

FLMCR2 is aregister that indicates the state of flash memory programming/erasure. FLN
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 progt
or erasing flash memory. When this bit is set to -
memory enters the error-protection state.

See section 6.5.3, Error Protection, for details.
6to0 — AllO — Reserved
These bits are always read as 0.
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4 EB4 Y

R/W

vhen this Dit Is set 10 1, alz2-Kbyte area or H'1(
H'3FFF will be erased.

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

2 EB2 0 R/W When this bit is set to 1, a 1-Kbyte area of H'08
H'OBFF will be erased.

1 EB1 0 R/W When this bit is set to 1, a 1-Kbyte area of H'04
H'07FF will be erased.

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

H'03FF will be erased.

6.24 Flash Memory Power Control Register (FLPWCR)

FLPWCR enables or disables atransition to the flash memory power-down mode when
enters the subactive mode. There are two modes: mode in which operation of the power
circuit of flash memory is partly halted in power-down mode and flash memory can be!
mode in which even if atransition is made to subactive mode, operation of the power s
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 sL
mode, the flash memory enters the power-dow
When this bit is 1, the flash memory remains in
normal mode even after a transition is made to
mode.

6to0 — AllO — Reserved

These bits are always read as 0.

Rev. 3.00 May 15, 2007 Pag
RENESAS REJOC



6to0 — AllO — Reserved

These bits are always read as 0.

6.3 On-Board Programming Modes

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

When entering the boot mode, the boot program built into this LS| isinitiated. The boot |
transfers the programming control program from the externally-connected host to on-chiy
via SCI3. After erasing the entire flash memory, the programming control program is exe
This can be used for initializing flash memory mounted on the user board or for aforcibl
recovery if flash memory cannot be programmed or erased in user program mode. In use
mode, individual blocks can be erased and programmed by branching to the user
programming/erasing control program prepared by the user.

Table6.1  Setting Programming M odes

TEST NMI E7_0 LSI State after Reset Releasec
0 1 X User Mode

0 0 1 Boot Mode

[Legend]

x: Don’t care.

Rev. 3.00 May 15, 2007 Page 104 of 516
REJ09B0152-0300 RENESAS



1. vvnen the boot moae IS used, the Tiasn memaory programming control program must

prepared in the host beforehand. Prepare a programming control program in accords
the description in section 6.4, Flash Memory Programming/Erasure.

. SCI3isset to the asynchronous mode, and the transfer format as follows: 8-bit data,
and no parity. The inversion function of the TXD and RXD pinsby SPCRissetto “
inverted,” so do not put inverters between the host and thisLSl.

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

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

. In boot mode, a part of the on-chip RAM areais used by the boot program. The prog
control program transmitted from the host can be stored in the areafrom H'FB80 to |
The boot program area cannot be used until control of the execution is switched fror
program to the programming control program.

Rev. 3.00 May 15, 2007 Pag
RENESAS REJOC



8. Do not change the TEST pin and NMI pin input levelsin boot mode.
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% * ¢ Calculates bit rate and sets BRI
2 ! ° R U .
T |Transmits data H'55 when data H'00 Hoo Transmits data H'00 to host as
Qo is received error-free. end code.

©

@ H'S5 » H'55 reception.

v

@

g .

; Boot program - HFF Checks flash memory data, eras
g v erase error memory blocks when data has b
@ to and then transmits data H'AA
13 HAA (If erasure fails, transmits data o
§ H'AA reception = host and aborts operation.)

[

+ Low-order byte *
d high-order byt

o | Transmits number of bytes (N) of and Nigh-orcer byle > Echobacks the 2-byte data
£ programming control program to be < Echoback received to host.

E transferred as 2-byte data

© | (lower byte following upper byte)

e

= @©

25
B9 HXX Echobacks received data to host
o _g' Transmits 1-byte of programming Echoback > transfers it to RAM.

2 = control program (repeated for N times) -« (repeated for N times)

es

o l

< HAA Transmits data H'AA to host.

H'AA reception

\l
Branches to programming contr
transferred to on-chip RAM and
execution.

Rev. 3.00 May 15, 2007 Pag
RENESAS REJOS



On-board programming/erasing of an individual flash memory block can also be perform
program mode by branching to a user programming/erasing control program. The user m
prepare the settings for branching to the user programming/erasing control program and 1
transfer programming data for on-board programming. The flash memory must contain tt
programming/erasing control program or a program that transfer the user programming/e
control program from external memory. Since the flash memory cannot be read during
programming/erasure, transfer the user programming/erasing control program to on-chip
in boot mode. Figure 6.2 shows a sample procedure for programming/erasure in user pro
mode. Prepare a user programming/erasing control program in accordance with the descr
section 6.4, Flash Memory Programming/Erasure.

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

| Starting after releasing reset state |

No
Programming or erasure?

Y

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

v

Branch to user programming/erasing
control program in RAM

Y

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

Branch to flash memory application program

Figure6.2 Programming/Erasing Flowchart Examplein User Program Mo
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6.4.1 Programming/Programming-Verifying

When writing data or programs to the flash memory, the programming/programming-ve
flowchart shown in figure 6.3 should be followed. Performing programming operations
to this flowchart will enable data or programs to be written to the flash memory without
the chip to voltage stress or sacrificing program data reliability.

1

Programming must be performed on an erased area. Do not reprogram an addressto
data has already been programmed.

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

Prepare the following data storage areas in RAM: A 128-byte programming data are
byte reprogramming data area, and a 128-byte additional-programming data area. Pe
reprogramming data computation according to table 6.4, and additional programmin
computation according to table 6.5.

Consecutively transfer 128 bytes of datain bytes from the reprogramming data area
additional-programming data area to the flash memory. The programming address a
byte data are latched in the flash memory. The lower eight bits of the start addressir
memory destination area must be H'00 or H'80.

The time during which the P bit is set to 1 is the programming time. Table 6.6 show:
allowable programming times.

The watchdog timer (WDT) is set to prevent overprogramming due to program runa
An overflow cycle of approximately 6.6 msisallowed.

For adummy write to a verifying address, write 1-byte of data H'FF to an address w
two bits are B'00. Verifying data can be read in words or in longwords from the addi
which adummy write was performed.
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[ Wait‘5 us |
1
[ Clear PSU bit to 0 |

1
Apply Write pulse
i

Set PV bitto 1

Wait 4 ps

[ Wait 5 s |
Set block start address as |
[ Disable WDT ] verifying address
¥

End Sub

[Dummy write HFF to verifying address |

Wait 2 ps

1 )

i

Read verifying data

hensi

Increment address

Verifying dat No

Yes;
No

[ Additional-programming data computation |

—————

Reprogramming data computation |

es
Clear PV bit to 0 |

1

Wait 2 ps

Write 128-byte additional-programming data

in RAM to flash memory
ub-Houtine-Cal

Apply Write Pulse |

es

Clear SWE bit to 0 | [

o
Clear SWE bit to 0 |

[} [}
[ Wait 100 us | [ Wait 100 ps |
¥
End of programming Programming failure

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

Figure6.3 Program/Program-Verify Flowchart
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Reprogram Data Verify Data Data Comments
0 0 0 Needs to be progre
additionally
0 1 1 No additional progt
1 0 1 No additional progt
1 1 1 No additional progt
Table6.6 Programming Time
n (Programming Programming Additional
Count) Time Programming Time Comments
1 to 6 times 30 us 10 ps
7 to 1,000 times 200 pus —
Note: Time shown in ps.
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For writing dummy data to a verifying address, write one byte of data H'FF to &
whose lower two bits are B'00. Verifying data can be read in longwords from the «
which adummy dataiswritten.

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

6.4.3 Interrupt Handling when Programming/Erasing Flash Memory

All interrupts including the NMI interrupt are disabled while flash memory is being prog
or erased or while the boot program is executed for the following three reasons.

1

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

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

If an interrupt occurs during boot program execution, normal boot mode sequence car
carried out.
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A S
| Clear E bit to 0 |
1

| Wait 10 us |
1

| Clear ESU bit to 0 |
1

| Wait 10 us |
1

| Disable WDT |
1

| Set EV bit to 1 |
1

I Wait 20 s |

1
|Set block start address to verifying addressl
1

| Dummy write H'FF to verifying address |
1

] )+

| Read verifying data |

| Wait 2 1s
I

No

Verifying data = all 1s ?

| Increment address I

No

Last address of block ?

| Clear EV bit to 0 | | Clear EV bit to 0 |
L] 1
| Wait 4 us | | Wait 4us |
No Yes
All erase block erased ?
No

Clear SWE bit to 0 |

| Clear SWE bit to 0 | [
1

| Wait 100 us | [

1
Wait 100 us |

End of erasing

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

Figure6.4 Erase/lErase-Verify Flowchart
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pin, the reset state is entered when the RES signal is held low until oscillation stabilizes e
switching on. For areset during operation, hold the RES signal low for the RES pulse wi
specified in the AC Characteristics section.

6.5.2 Softwar e Protection

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

6.5.3 Error Protection

Error protection is a state in which programming/erasure is forcibly aborted when an errc
detected because CPU crush occurs during flash memory programming/erasure, or opera
performed in accordance with the programming/erasing algorithm. Aborting programmir
prevents damage to the flash memory due to overprogramming or overerasing.

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

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

e Exception handling excluding areset is started during programming/erasure
e When the SLEEP instruction is executed during programming/erasure
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The flash memory can be read at high speed.
e Power-down operating mode
The power supply circuit of flash memory can be partly halted. As aresult, flash me
be read with low power consumption.
e Standby mode
All flash memory circuits are halted.

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

Table6.7 Flash Memory Operating States

Flash Memory Operating State

LS| Operating State PDWND = 0 (Initial Value) PDWND =1

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

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

Transfer execution program
to RAM (user area)

Clear corresponding bit in
interrupt enable register to 0

|
Set | bitin CCR to 1
I

Jump to address of
execution program in RAM

Clear FROMCKSTP
bit in CRSTPR1 to 0

Figure6.5 Module Standby Mode Setting
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For details on the execution of bit manipulation instructions to the port data register (PC
section 2.8.3, Bit-Manipulation Instruction.

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

8.1 Port 1

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

[~<—> P12/IRQAEC/AECPWM

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

Port 1

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

o Port dataregister 1 (PDR1)

o Port control register 1 (PCR1)

e Port pull-up control register 1 (PUCR1)
o Port mode register 1 (PMR1)
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states. If port 1 is read while PCR1 bits are cle

0 P10 0 R/W the pin states are read.

8.1.2 Port Control Register 1 (PCR1)

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

Initial
Bit Bit Name Value R/W Description
7103 — — — Reserved
The read value is undefined. These bits canno
modified.
2 PCR12 0 w Setting a PCR1 bit to 1 makes the correspondi
PCR11 0 W (P12 to P10) an output pin, while clearing the |

makes the pin an input pin. The settings in PC
0 PCR10 0 W PDR1 are valid when the corresponding pin is
designated as a general 1/O pin.

PCR3 is a write-only register. The read value i
undefined.
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for the corresponding pin, while clearing the &

0 PUCR10 0 RAW turns off the pull-up MOS.

814 Port Mode Register 1 (PMR1)

PMR1 controls the selection of functions for port 1 pins.

Initial
Bit Bit Name Value R/W Description
7,6 — — — Reserved
The read value is undefined. These bits cann
modified.
5 IRQAEC 0 R/W P12/IRQAEC/AECPWM Pin Function Switch
0: P12 1/0 pin
1: IRQAEC input pin or AECPWM output pin
FTCI* 0 R/W P11/AEVL/FTCI/IRQ1 Pin Function Switch
AEVL* 0 R/W 00: P11 I/O pin

01: AEVL input pin
1x: FTCl input pin
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111: Setting prohibited

[Legend] x: Don't care.

Note: * When the IRQ1S1 and IRQ1S0 bits in PFCR are set to B'10, the pin function k
the IRQ1 input pin regardless of the setting of these bits.

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

o P12/IRQAEC/AECPWM pin

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

[Legend] x: Don't care.
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[Legend]

x: Don't care.

e P1O/AEVH/FTIOA/TMOW/CLKOUT pin

Register Name PMR1 TIORO PCR1 |Pin Function
Bit Name CLKOUT | TMOW |AEVH|IOA2 | IOA1|IOA0 |PCR10
Setting 0 0 0 0 0 0 0 P10 input pin
1 P10 output pin
1 X FTIOA output pin
1 0 FTIOA output pin
1 X X 0 P10 input/FTIOA i
1 X X 1 P10 output/FTIOA
1 X X X X |AEVH input pin
1 X X X X X |TMOW pin
1 0 0 X X X x  |CLKOUT output pi
1 X X X x  |CLKOUT output pi
1 0 X X X x  |CLKOUT output pi
[Legend] x: Don't care.
Note: * Switching the clock (¢oc, Pose/2, OF $oer/4) for CLKOUT output must be perfori

CLKOUT output is halted (CLKOUT = 0).
When making a transition to a power-down mode wherein the system clock o
halted, the output level is retained. (In standby mode, output is the high-impe

state.)

When making a transition from a power-down mode wherein the system clocl
is halted, to the active mode wherein the system clock oscillator operates, ha
output (CLKOUT = 0) before the transition.

RENESAS
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|Legenaj X: pontcare.

8.2 Port 3

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

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

Port 3

[~<—> P30/SCK3/VCref (/IRQO)

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

e Port dataregister 3 (PDR3)

o Port control register 3 (PCR3)

e Port pull-up control register 3 (PUCR3)
o Port mode register 3 (PMR3)
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states. If port 3 is read while PCR3 bits are cl

0 P30 0 R/W the pin states are read.

8.22 Port Control Register 3 (PCR3)

PCRS3 selects inputs/outputs in bit units for pins to be used as general 1/0 ports of port 3

Initial
Bit Bit Name Value R/W Description
7103 — — — Reserved
The read value is undefined. These bits cann
modified.
2 PCR32 0 w Setting a PCRS3 bit to 1 makes the correspon
1 PCR31 0 W (P32 to P30) an output pin, while clearing the

makes the pin an input pin. The settings in P(
0 PCR30 0 W PDR3 are valid when the corresponding pin i
designated as a general 1/O pin.

PCR3 is a write-only register. The read value
undefined.
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for the corresponding pin, while clearing the bi

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

824 Port Mode Register 3 (PMR3)

PMR3 controls the selection of functions for port 3 pins.

Initial
Bit Bit Name Value R/W Description
7to1 — — — Reserved
The read value is undefined. These bits canno
modified.
0 VCref 0 R/W P30/SCK3/VCref Pin Function Switch

0: P30 and SCK3 I/O pin
1: Comparator reference voltage (VCref) pin
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X

IrTXD output pin

[Legend] x: Don't care.

e P3L/RXD3/IrRXD pin

Register Name SCR3 IrCR PCR3 Pin Functio
Bit Name RE IrE PCR31
Setting 0 X 0 P31 input p
1 P31 output
1 0 X RXD3 inpuf
1 X IrRXD inpu
[Legend] x: Don't care.
e P30/SCK3/VC, (/IRQO) pin
Register Name |PFCR PMR3 SCRS3 SMR3 | PCR3 |Pin Functio
Bit Name IRQOS1 and | VCret | CKE1 | CKEO | COM |PCR30
IRQOSO0
Setting Other than 0 0 0 0 0 P30 input p
B'10 1 P30 output
1 X SCKS outpt
1 X X SCKS outpt
1 0 X X SCKS input
1 X X X VCref pin
B'10 X X X X IRQO input
[Legend] x: Don't care.
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|Legenaj X: pontcare.

8.3 Port 8

Port 8 isan /O port also functioning as atimer W /O pin. Figure 8.3 shows its pin confi

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

Port 8

Figure8.3 Port 8 Pin Configuration

Port 8 has the following registers.

o Port dataregister 8 (PDRS)
o Port control register 8 (PCR8)
o Port pull-up control register 8 (PUCRS)
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e rov
2 P82

n/vv

R/W

states. If port 8 is read w'hileuPCRB bits are cl
the pin states are read.

Reserved

The read value is undefined. These bits cann
modified.

8.3.2 Port Control Register 8 (PCR3)

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

Initial
Bit Bit Name Value R/W Description
7t05 — — — Reserved
The read value is undefined. These bits cann
modified.
PCR84 0 W Setting a PCR8 bit to 1 makes the correspon
PCRS83 0 W (P84 to P82). an oytput p?n, while clgaring the
makes the pin an input pin. The settings in P(
PCR82 W PDRS8 are valid when the corresponding pin i
designated as a general I/O pin.
PCRS8 is a write-only register. The read value
undefined.
1,0 — — — Reserved

The read value is undefined. These bits cann
modified.

Rev. 3.00 May 15, 2007 Pag

RENESAS REJOS



ruuvnovo

e
2 PUCR82

v

0

n/vv

R/W

for thel corresBonding pin, while clearing the: bi
turns off the pull-up MOS.

1,0 —

Reserved

The read value is undefined. These bits canno

modified.

8.3.4 Pin Functions

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

e PB84/FTIOD pin

Register Name TMRW TIOR1 PCR8 |Pin Function
Bit Name PWMD I0D2 I0DA1 [0]]0] PCR84
Setting 0 0 0 0 0 P84 input pin
1 P84 output pir
1 X FTIOD output
1 X FTIOD output
1 X X P84 input/FTIC
pin
1 P84 output/FT
input pin
1 X X X X FTIOD output
[Legend] x: Don't care.
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input pin

1 X X X X FTIOC outpu
[Legend] x: Don't care.
e P82/FTIOB pin
Register Name TMRW TIORO PCR8 |Pin Function
Bit Name PWMB 10B2 I0B1 I0BO PCR82
Setting 0 0 0 0 0 P82 input pin
1 P82 output pi
1 X FTIOB outpu
1 X FTIOB outpu
1 X X P82 input/FT
pin
1 P82 output/F
input pin
1 X X X X FTIOB outpu
[Legend] x: Don't care.
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|Legenaj X: pontcare.

8.4 Port 9

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

<« P93/SSI (IRQT) <— P93/SCS (IRQT)
o |e—— P92/SSO (IRQD) o |<—— P92/SSCK (IRQD)
hw =
£ |«— P91/SSCK/SDA € |«— P91/s50/SDA
«—— P90/SCS/SCL «—— P90/SSI/SCL
(1)SSUS =0 (2) SSUS = 1

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

e Port dataregister 9 (PDR9)

e Port control register 9 (PCR9)

e Port open-drain control register 9 (PODR9)
e Port pull-up control register 9 (PUCR9)
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states. If port 9 is read while PCR9 bits are cl

1 Po1 0 R/W the pin states are read.
0 P90 0 R/W

84.2 Port Control Register 9 (PCR9)

PCRO9 selects inputs/outputs in bit units for pins to be used as general 1/0 ports of port 9

Initial
Bit Bit Name Value R/W Description
7to04 — — — Reserved
The read value is undefined. These bits cann
modified.
3 PCR93 0 w Setting a PCRO bit to 1 makes the correspon
5 PCR92 0 W output pin, while clearing the bit to 0 makes tt
input pin. The settings in PCR9 and in PDR9
1 PCRo1 0 W when the corresponding pin is designated as
0 PCR90 0 w 1/0 pin.
PCR9 is a write-only register. The read value
undefined.
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as the NMOS open-drain output. When cleare

P910ODR 0 R/W corresponding pin functions as the CMOS out
0 P90ODR 0 R/W

—_

84.4  Port Pull-Up Control Register 9 (PUCR9)

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

Initial
Bit Bit Name Value R/W Description
7to04 — — — Reserved
The read value is undefined. These bits canno
modified.
3 PUCR93 0 R/W When a PCR9 bit is cleared to 0, setting the
5 PUCR92 0 R/W corresponding PUCRS bit to 1 turns on the pul
for the corresponding pin, while clearing the bi
1 PUCR91 0 R/W turns off the pull-up MOS.
0 PUCR90 O R/W

Rev. 3.00 May 15, 2007 Page 134 of 516
REJ09B0152-0300 RENESAS



S WWER.AE

i

el WFAE EEEE TAR B WLARE R W

MAMEMEAY MM )

et e

et

SOOS hit in the SSCRH register of SSU, they are set to open-drain output regardles:
and RE bit settingsin the SSER register.

P93/SSl (IRQI) pin

Register Name PFCR PCR9 Pin Function
Bit Name IRQ1S1 and SSUS PCR93
IRQ1S0
Setting Other than X 0 P93 input pin
B'O1 1 P93 output pin
0 X SSI 1/0 pin
X SCS I/0 pin
B'01 X X IRQ1 input pin
[Legend] x: Don't care.

Note: When this pin is used as the SSI/SCS pin, register settings of the SSU are requir:
details, see section 15.4.4, Communication Modes and Pin Functions, and apper
Port 9 Related Register Settings and Pin Functions.
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[Legend] x: Don't care.

Note: When this pin is used as the SSO/SSCK pin, register settings of the SSU are requ
details, see section 15.4.4, Communication Modes and Pin Functions, and appenc
Port 9 Related Register Settings and Pin Functions.

o P91/SSCK/SDA pin

Register Name PFCR PCR9 Pin Function
Bit Name SSUS PCR91
Setting X 0 P91 input pin
1 P91 output pin
0 X SSCK I/O pin
1 X SSO I/0 pin
X X SDA I/O pin

[Legend] x: Don't care.

Note: When this pin is used as the SSO/SSCK pin, register settings of the SSU are requ
details, see section 15.4.4, Communication Modes and Pin Functions, and appenc
Port 9 Related Register Settings and Pin Functions. When this pin is used as the ¢
register settings of the IIC2 are required. For details, see section 16.3.1, I°C Bus C

Register 1 (ICCR1).

Note that the priority when pin functions conflict is SSU pin > 1IC2 pin > P91.
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Note: When this pin is used as the SCS/SSI pin, register settings of the SSU are requir
details, see section 15.4.4, Communication Modes and Pin Functions, and apper
Port 9 Related Register Settings and Pin Functions. When this pin is used as the
register settings of the IIC2 are required. For details, see section 16.3.1, I°'C Bus
Register 1 (ICCR1).
Note that the priority when pin functions conflict is SSU pin > 1IC2 pin > P90.

8.4.6 Input Pull-Up MOS
Port 9 has an on-chip input pull-up MOS function that can be controlled by software. W

PCRO bit is cleared to 0, setting the corresponding PUCR9 hit to 1 turns on the input pu
for that pin. The input pull-up MOS function isin the off state after a reset.

PCR9n 0 1
PUCR9n 0 1 X
Input Pull-Up MOS Off On Off

[Legend] x: Don't care.
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l«<—— PBO/ANO/IRQO

Figure8.5 Port B Pin Configuration
Port B has the following registers.

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

85.1 Port Data Register B (PDRB)

PDRB is aregister that stores data of port B.

Initial

Bit Bit Name Value R/W  Description
7,6 — — — Reserved

The read value is undefined. These bits canno

modified.
5 PB5 Undefined R Reading PDRB always gives the pin states. Hc
4 PB4 Undefined R a port B pin is selected as an analog input cha

. the CH3 to CHO bits in AMR of the A/D conver

3 PB3 Undefined R pin is read as 0 regardless of the input voltage
2 PB2 Undefined R
1 PB1 Undefined R
0 PBO Undefined R
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as ADTRG.
0: TEST pin
1: ADTRG input pin

For details on the setting of the ADTRG input
to section 17.4.2, External Trigger Input Timir

2 — — — Reserved
The read value is undefined. This bit cannot t
modified.

1 IRQ1 0 R/W PB1/AN1/IRQ1 Pin Function Switch

Selects whether pin PB1/AN1/IRQ1 is used a
PB1/AN1 or as IRQ1.

0: PB1/AN1 input pin
1: IRQ1 input pin*
0 IRQO 0 R/W PBO/ANO0/IRQO Pin Function Switch

Selects whether pin PBO/ANO/IRQO is used a
PBO/ANO or as IRQO.

0: PBO/ANO input pin
1: IRQO input pin*

Note: * When the IRQnS1 and IRQNSO (n = 1 or 0) bits in PFCR are set to a value of
B'00, these bits should not be set since the IRQnN pin is assigned to another
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o PB4/AN4/COMPO pin

Register Name AMR Pin Function

Bit Name CH3 to CHO

Setting Other than B'1000 PB4/COMPO input
B'1000 AN4 input pin

[Legend] x: Don't care.

e PB3/AN3pin

Register Name AMR Pin Function

Bit Name CH3 to CHO

Setting Other than B'0111 PB3 input pin
B'0111 ANS3 input pin

[Legend] x: Don't care.

e PB2/AN2pin

Register Name AMR Pin Function

Bit Name CH3 to CHO

Setting Other than B'0110 PB2 input pin
B'0110 AN2 input pin

[Legend] x: Don't care.
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[Legend]

x: Don't care.

e PBO/ANO/IRQO pin

Register Name PMRB AMR PFCR Pin Function
Bit Name IRQO CHS3 to CHO IRQOS1 and
IRQOSO
Setting 0 Other than B'xx PBO input pin
B'0100
B'0100 B'xx ANO input pin
1 B'xxxx B'00 IRQO input pin
Other than Setting prohibitec
B'00
[Legend] x: Don't care.
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SCINV1

P32/TXD3/IFTXD D—G‘—; TXD3/IFTXD

Figure8.6 Input/Output Data Inversion Function

Initial
Bit Bit Name Value R/W Description
7t05 — All O — Reserved
These bits are always read as 0 and cannot be
modified.
4 SPC3 0 R/W P32/TXD3/IrTXD Pin Function Switch
Selects whether pin P32/TXD3/IrTXD is used ¢
as TXD3/IrTXD.
0: P32 1/0 pin
1: TXD3/IrTXD output pin*
Note: * Set the TE bit in SCR3 after setting thi
3,2 — All O — Reserved
These bits are always read as 0 and cannot be
modified.
1 SCINVA 0 R/W TXDS3/IrTXD Pin Output Data Inversion Switch

Specifies whether the logic level of output date
TXD3/IrTXD pin is to be inverted or not.

0: TXD3/IrTXD output data is not inverted
1: TXD3/IrTXD output data is inverted
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8.6.2  Port Function Control Register (PFCR)
PFCR changes the SSU pin assignments, and assigns the IRQ0 and IRQ1 input pinsto ¢

Initial
Bit Bit Name Value R/W Description
7to5 — All O — Reserved

These bits are always read as 0. These bits ¢
modified.

4 SSuUS 0 R/W SSU Pin Select
Changes the SSU pin assignments.

0: SSlis assigned to P93
SSO is assigned to P92
SSCK is assigned to P91
SCS is assigned to P90

1: SSl is assigned to P90
SSO is assigned to P91
SSCK is assigned to P92
SCS is assigned to P93

3 IRQ1S1 0 R/W IRQ1 Select 1,0

2 IRQ1SO 0 R/W 00: IRQ1 is input from PB1
01: IRQ1 is input from P93
10: IRQT is input from P11
11: Setting prohibited

1 IRQOSH 0 R/W IRQO Select 1,0

0 IRQOSO O R/W 00: IRQO is input from PBO
01: IRQO is input from P92
10: IRQO is input from P30
11: Setting prohibited
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— For apin also used by the A/D converter, pull it up to AV cc with an external resis
approximately 100 kQ.
¢ |f an unused pin isan output pin, handleit in one of the following ways:
— Set the output of the unused pin to high and pull it up to Vcc with an external resi:
approximately 100 kQ.
— Set the output of the unused pin to low and pull it down to GND with an external
approximately 100 kQ.

8.7.2  Input Characteristics Difference dueto Pin Function

When the functions of pinsIRQO, IRQ1, IRQAEC, AEVL, AEVH, SCK3, FTIOA to FT|
FTCI, SSCK, SCS, SDA, and SCL are selected, the corresponding pins have the schmitt-
input characteristics, which are different from the ones when they are used as the port ing

For example, the input high voltage and the input low voltage of the PBO/ANO/IRQO pin
when the pin is used as PBO input or IRQO input. For details, refer to table 21.2 which lis
characteristics for F-ZTAT version, and table 21.13 which lists the DC characteristics for
ROM version.
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Use of module standby mode enables this module to be placed in standby mode inde
when not used. (Timer B1 is halted asthe initial value. For details, refer to section 5
Standby Function.)

TMB1
0 o PSS 2
TCB1 a
] g
©
[ :
ow o— 1/4 I+ PSW T
15
oW/ [ow/1024, oW/256] k=
TLB1
[Legend]
TMB1: Timer mode register B1
TCB1: Timer counter B1 ~ IRRTB1

TLB1:  Timer load register B1
IRRTB1: Time B1 interrupt request flag
PSS: Prescaler S

PSW: Prescaler W

Figure9.1 Block Diagram of Timer B1
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I IVID 1 ScICLLs Ui autO-1€10ad TUrcuorn ard irput C1OCK.

Initial
Bit Bit Name Value R/W Description
7 TMB17 0 R/W Auto-Reload Function Select

0: Interval timer function selected
1: Auto-reload function selected

6 TMB16 0 R/W Counter Operation/Stop Select
0: Counter stopped
1: Counter operates

5t03 — All 1 — Reserved
These bits are always read as 1.
2 TMB12 0 R/W Counter Clock Select
TMB11 0 R/W 000: Internal clock: ¢/8192
0 TMB10 0 R/W 001: Internal clock: ¢/2048

010: Internal clock: ¢/256
011: Internal clock: ¢/64
100: Internal clock: ¢/16
101: Internal clock: ¢/4
110: Internal clock: ¢,/1024
111: Internal clock: ¢,/256
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TLblilodl oyt wiitc Ulll y 1Tyloltl TUI octuliy Uit 1TiVdad va ut Ul 1T LD 1. oclll iy uic i
to TLB1 must be done when bit TMB16 in TMBL1 is cleared to 0. When areload valuei
TLB1, the same vaueisloaded into TCB1 aswell, and TCB1 starts counting up from tt
When TCB1 overflows during operation in auto-rel oad mode, the TLB1 valueis |oaded
TCB1. Accordingly, overflow periods can be set within the range of 1 to 256 input clocl
is alocated to the same address as TCB1. TLB1 isinitialized to H'00.
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Set counter function with bit TMB17
in TMB1 and counter clock with bits
TMB12 to TMB10 in TMB1
(bit TMB16 must be cleared to 0
when writing to these bits)

!

Set reload value to
TLB1 when auto-reload function is selected

!

Set bit TMB16 in TMB1 to 1
to start counter operation
(bits other than TMB16 must have
the same values set at *1)

Figure9.2 Timer Bl Initial Setting Flow
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A
Set bit TMB16 in TMB1 to
1 to start counter operation
(bits other than TMB16 must have
the same values set at *2)

Figure9.3 Processing Flow When Changing Setting during Counter Opera
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ATl Uit TIVID 1D T TIVID L Toocl LU L WU ad L UIT LUULILED Uptlidliull diu Uit LUULIL va ut 1T
reaches H'FF, the next clock signal input causes timer B1 to overflow, setting flag IRRTE
IRR2to 1. If IENTB1inIENR2is1, an interrupt is requested to the CPU.

At overflow, TCB1 returns to H'00 and starts counting up again. Even though interval tin
operation (TMB17 = Q) is selected, when avalueissetin TLB1 with bit TMB16in TMB
to 0, the samevalueissetin TCB1.

9.4.2 Auto-Reload Timer Operation

Setting bit TMB17 in TMB1 to 1 causestimer B1 to function as an 8-hit auto-reload time
areload valueis set in TLB1 with bit TMB16 in TMBL1 cleared to 0, the same valueis|o
TCB1. After bit TMB16in TMB1 isset to 1 to start the counter operation and the count \
TCB1 reaches H'FF, the next clock signal input causestimer B1 to overflow. The TLB1
then loaded into TCB1, and the count continues from that value. The overflow period car
within arange from 1 to 256 input clocks, depending on the TLB1 value.

The clock sources and interrupts in auto-rel oad mode are the same asin interval mode. T
new value in TLB1 in auto-reload mode (TMB17 = 1), clear bit TMB16 in TMB1 to O be
making the new setting.
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ow/1024

/4, /16, o o o 0 X X X X X X
$/64,

$/256,

$/2048,

$/8192

[Legend] o: Counting enabled
x: Counting disabled (Counter value retained)
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e Capability to process up to four pulse outputs or four pulse inputs
o Four general registers:
— Independently assignable output compare or input capture functions

— Usable astwo pairs of registers; one register of each pair operates as a buffer for
compare or input capture register

o Four selectable operating modes:
— Waveform output by compare match
Selection of 0 output, 1 output, or toggle output
— Input capture function
Rising edge, falling edge, or both edges
— Counter clearing function
Counters can be cleared by compare match
— PWM mode
Up to three-phase PWM output can be provided with desired duty ratio.
e Any initial timer output value can be set
e Fiveinterrupt sources
Four compare match/input capture interrupts and an overflow interrupt.

o Use of module standby mode enables this module to be placed in standby mode inde
when not used. (The timer W is halted as theinitial value. For details, refer to sectio
Module Standby Function.)

Table 10.1 summarizes the timer W functions, and figure 10.1 shows a block diagram o
W.

TIMOBWOA_000020020200 Rev. 3.00 May 15, 2007 Pag
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compare compare
match match
Initial output value — Yes Yes Yes Yes
setting function
Buffer function — Yes Yes — —
Compare 0 — Yes Yes Yes Yes
match output — Yes Yes Yes Yes
Toggle — Yes Yes Yes Yes
Input capture function — Yes Yes Yes Yes
PWM mode — — Yes Yes Yes
Interrupt sources Overflow  Compare Compare Compare Con
match/input  match/input match/input mat
capture capture capture cap
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T 7T 7T 3T TT 3T 3T It 3T 1T

[Legend]

TMRW: Timer mode register W (8 bits)

TCRW: Timer control register W (8 bits)

TIERW: Timer interrupt enable register W (8 bits)

TSRW: Timer status register W (8 bits)

TIOR:  Timer I/O control register (8 bits)

TCNT: Timer counter (16 bits)

GRA: General register A (input capture/output compare register: 16 bits)
GRB: General register B (input capture/output compare register: 16 bits)
GRC: General register C (input capture/output compare register: 16 bits)
GRD: General register D (input capture/output compare register: 16 bits)
IRRTW: Timer W interrupt request

—
®©
b=
[9]
2
£
%)
=]
m

data

Figure10.1 Timer W Block Diagram

Rev. 3.00 May 15, 2007 Pag

RENESAS

REJOS



cc;mparé B ian]t pih for GRB input'captu

PWM output pin in PWM moc
Input capture/output FTIOC Input/output Output pin for GRC output cc
compare C input pin for GRC input captu

PWM output pin in PWM moc
Input capture/output FTIOD Input/output Output pin for GRD output cc
compare D input pin for GRD input captu

PWM output pin in PWM moc

10.3  Register Descriptions

Thetimer W has the following registers.

Timer mode register W (TMRW)
Timer control register W (TCRW)
Timer interrupt enable register W (TIERW)
Timer status register W (TSRW)
Timer 1/O control register 0 (TIORQ)
Timer 1/O control register 1 (TIORL)
Timer counter (TCNT)

General register A (GRA)

General register B (GRB)

General register C (GRC)

General register D (GRD)
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BUFEB

R/W

Buffer Operation B
Selects the GRD function.

0: GRD operates as an input capture/output
register

1: GRD operates as the buffer register for G

BUFEA

R/W

Buffer Operation A
Selects the GRC function.

0: GRC operates as an input capture/output
register

1: GRC operates as the buffer register for G

Reserved
This bit is always read as 1.

PWMD

R/W

PWM Mode D

Selects the output mode of the FTIOD pin.
0: FTIOD operates normally (output compar
1: PWM output

PWMC

R/W

PWM Mode C

Selects the output mode of the FTIOC pin.
0: FTIOC operates normally (output compar
1: PWM output

PWMB

R/W

PWM Mode B

Selects the output mode of the FTIOB pin.
0: FTIOB operates normally (output compar
1: PWM output
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~ SIS T ~ vy

4 CKSO0 0 R/W

AL Ty TN T VIVUVILV VAT VY.

000: Internal clock: counts on ¢
001: Internal clock: counts on ¢/2
010: Internal clock: counts on ¢/4
011: Internal clock: counts on ¢/8
100: Internal clock: counts on ¢,
101: Internal clock: counts on ¢,/4
110: Internal clock: counts on ¢,/16

111: Counts on rising edges of the external ev
(FTCI)

With a setting of Oxx, the timer W can be used
active mode or sleep mode. Do not make this
subactive mode or subsleep mode.

When 100 is set in subactive mode or subslee
the timer W can be used only when ¢,, is selec
the CPU operating clock.

When 101 is set in subactive mode or subsleg
the timer W can be used only when ¢,, or ¢,,/2
selected as the CPU operating clock.

3 TOD 0 R/W

Timer Output Level Setting D

Sets the output value of the FTIOD pin until the
compare match D is generated.

0: Output value is 0*
1: Output value is 1*

2 TOC 0 R/W

Timer Output Level Setting C

Sets the output value of the FTIOC pin until the
compare match C is generated.

0: Output value is 0*
1: Output value is 1*
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0. Output value I1s 0*

1: Output value is 1*

[Legend] x: Don't care.

Note: * The change of the setting is immediately reflected in the output value.

10.3.3 Timer Interrupt Enable Register W (TIERW)

TIERW controls the timer W interrupt request.

Initial

Bit Bit Name  Value R/W Description

7 OVIE 0 R/W Timer Overflow Interrupt Enable
When this bit is set to 1, FOVI interrupt requ
OVF flag in TSRW is enabled.

6to4d — All 1 — Reserved
These bits are always read as 1.

3 IMIED 0 R/W Input Capture/Compare Match Interrupt Ena
When this bit is set to 1, IMID interrupt requ
IMFD flag in TSRW is enabled.

2 IMIEC 0 R/W Input Capture/Compare Match Interrupt Ena
When this bit is set to 1, IMIC interrupt requ
IMFC flag in TSRW is enabled.

1 IMIEB 0 R/W Input Capture/Compare Match Interrupt Ena
When this bit is set to 1, IMIB interrupt reque
IMFB flag in TSRW is enabled.

0 IMIEA 0 R/W Input Capture/Compare Match Interrupt Ena

When this bit is set to 1, IMIA interrupt reque
IMFA flag in TSRW is enabled.
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Read OVF when OVF = 1, then write 0 in OV

6to4 — All 1 — Reserved
These bits are always read as 1.
3 IMFD 0 R/(W)*  Input Capture/Compare Match Flag D
[Setting conditions]
e TCNT = GRD when GRD functions as an
compare register
e The TCNT value is transferred to GRD by
capture signal when GRD functions as an
capture register
[Clearing condition]
Read IMFD when IMFD = 1, then write O in IN
2 IMFC 0 R/(W)*  Input Capture/Compare Match Flag C

[Setting conditions]

e TCNT = GRC when GRC functions as an
compare register

e The TCNT value is transferred to GRC by
capture signal when GRC functions as an
capture register

[Clearing condition]

Read IMFC when IMFC = 1, then write 0 in I\
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Read IMFB when IMFB = 1, then write 0 in IV
0 IMFA 0 R/(W)* Input Capture/Compare Match Flag A
[Setting conditions]
¢ TCNT = GRA when GRA functions as an
compare register

e The TCNT value is transferred to GRA by
capture signal when GRA functions as an
capture register

[Clearing condition]
Read IMFA when IMFA = 1, then write 0 in IN
Note: * Only 0 can be written to clear the flag.

10.35 Timer I/O Control Register 0 (TIORO)

TIORO selects the functions of GRA and GRB, and specifies the functions of the FTIO/
FTIOB pins.

Initial
Bit Bit Name  Value R/W Description
7 — 1 — Reserved
This bit is always read as 1.
6 I0B2 0 R/W I/0 Control B2

Selects the GRB function.
0: GRB functions as an output compare regis
1: GRB functions as an input capture register
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Ul. Input captudre at 1aling eage at tne r 1 1Vo |

1x: Input capture at rising and falling edges of
FTIOB pin

3 — 1 — Reserved
This bit is always read as 1.
2 I0A2 0 R/W 1/0 Control A2
Selects the GRA function.
0: GRA functions as an output compare registe
1: GRA functions as an input capture register
1 I0A1 0 R/W 1/0 Control A1 and AO
0 IOA0 0 R/W When I0OA2 =0,

00: No output at compare match
01: 0 output to the FTIOA pin at GRA compare
10: 1 output to the FTIOA pin at GRA compare

11: Output toggles to the FTIOA pin at GRA cc
match

When IOA2 =1,
00: Input capture at rising edge of the FTIOA p
01: Input capture at falling edge of the FTIOA |

1x: Input capture at rising and falling edges of
FTIOA pin

[Legend] x: Don't care.
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0: GRD functions as an output compare registe
1: GRD functions as an input capture register

I0D1
I0DO

R/W
R/W

1/0 Control D1 and DO

When 10D2 = 0,

00: No output at compare match

01: 0 output to the FTIOD pin at GRD compare
10: 1 output to the FTIOD pin at GRD compare

11: Output toggles to the FTIOD pin at GRD cc
match

When IOD2 =1,
00: Input capture at rising edge at the FTIOD
01: Input capture at falling edge at the FTIOD |

1x: Input capture at rising and falling edges at
pin

Reserved
This bit is always read as 1.

2

I0C2

0

R/W

1/0 Control C2

Selects the GRC function.

0: GRC functions as an output compare registe
1: GRC functions as an input capture register
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Ul. Input captudre 10 GRu dl 1aling eage ol e r

1x: Input capture to GRC at rising and falling ed
the FTIOC pin

[Legend] x: Don't care.

10.3.7 Timer Counter (TCNT)

TCNT is a16-hit readable/writable up-counter. The clock sourceis selected by bits CKS,
CKS0in TCRW. TCNT can be cleared to H'0000 through a compare match with GRA by
the CCLR in TCRW to 1. When TCNT overflows (changes from H'FFFF to H'0000), the
flagin TSRWissetto 1. If OVIE in TIERW is set to 1 at thistime, an interrupt request i
generated. TCNT must always be read or written in 16-bit units; 8-bit accessis not allow
TCNT isinitialized to H'0000 by areset.
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When ageneral register is used as an input-capture register, an external input-capture Sif
detected and the current TCNT valueis stored in the general register. The corresponding
(IMFA, IMFB, IMFC, or IMFD) in TSRW is set to 1. If the corresponding interrupt-enz
(IMIEA, IMIEB, IMIEC, or IMIED) in TIERW is set to 1 at thistime, an interrupt requ
generated. The edge of the input-capture signal is selected in TIOR.

GRC and GRD can be used as buffer registers of GRA and GRB, respectively, by settin
and BUFEB in TMRW.

For example, when GRA is set as an output-compare register and GRC is set as the buff
for GRA, the value in the buffer register GRC is sent to GRA whenever compare match
generated.

When GRA is set as an input-capture register and GRC is set as the buffer register for C
valuein TCNT istransferred to GRA and the value in GRA istransferred to GRC when
input capture is generated.

GRA to GRD must be written or read in 16-bit units; 8-bit accessis not allowed. GRA t
initialized to H'FFFF by areset.
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in TIERW isset to 1, an interrupt request is generated. Figur

e 10.2 shows free-running cc

TCNT value
H'FFFF

H'0000 ; } »Time
CTS bit | !
' Flag cleared
E . by software
OVF | |
Figure10.2 Free-Running Counter Operation
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CTS bit

Flag cleared
- by software

IMFA

Figure 10.3 Periodic Counter Operation

By setting a general register as an output compare register, compare match A, B, C, or L
cause the output at the FTIOA, FTIOB, FTIOC, or FTIOD pin to output O, output 1, or t
Figure 10.4 shows an example of 0 and 1 output when TCNT operates as a free-running
output is selected for compare match A, and O output is selected for compare match B. \
signal is already at the selected output level, the signal level does not change at compare

TCNT value

HFFFF |- o oo o g
GRA  |rmmememee T

GRB ... N N I
H'0000

FTIOA ' I ! ~ No change ! No change

FTIOB | 1 No change 1 No change

Figure10.4 0and 1 Output Example(TOA =0,TOB =1)
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FTIOB [ [ | Toggle output

Figure10.5 Toggle Output Example (TOA =0,TOB =1)

Figure 10.6 shows another example of toggle output when TCNT operates as a periodic c
cleared by compare match A. Toggle output is selected for both compare match A and B.

TCNT value

Counter cleared by compare match with GRA

»Time

Toggle
output

FTIOB | | | | Toggle
output

Figure10.6 Toggle Output Example (TOA =0,TOB =1)
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H'FO00

H'AA55

H'55AA
H'1000
H'0000

_______________________________
......................
'\ , , : »Time
FTIOA _f + r
: H'1000 E ) H'F000 X H'55AA

H'AA55

Figure10.7 Input Capture Operating Example
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GRA X Ho245 X H'5480 X HDA91

y N y

GRC X X HO0245 X H'5480

Figure10.8 Buffer Operation Example (Input Capture)

104.2 PWM Operation

In PWM mode, PWM waveforms are generated by using GRA as the period register and
GRC, and GRD as duty registers. PWM waveforms are output from the FTIOB, FTIOC,
FTIOD pins. Up to three-phase PWM waveforms can be output. In PWM mode, a genere
functions as an output compare register automatically. The output level of each pin deper
corresponding timer output level set bit (TOB, TOC, and TOD) in TCRW. When TOB is
FTIOB output goesto 1 at compare match A and to 0 at compare match B. When TOB s
FTIOB output goesto 0 at compare match A and to 1 at compare match B. Thus the com
match output level settingsin TIORO and TIOR1 are ignored for the output pin set to PW
If the same value is set in the cycle register and the duty register, the output does not char
acompare match occurs.

Figure 10.9 shows an example of operation in PWM mode. The output signalsgoto 1 an
iscleared at compare match A, and the output signals go to 0 at compare match B, C, anc
(TOB, TOC, and TOD = 1: initial output values are set to 1).
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AL I I I I I I

Figure10.9 PWM Mode Example (1)

Figure 10.10 shows another example of operation in PWM maode. The output signals go
TCNT iscleared at compare match A, and the output signals go to 1 at compare match E
D (TOB, TOC, and TOD = 0: initial output values are set to 0).

TCNT value

Counter cleared by compare match A

GRA
GRB
GRC
GRD
H'0000

FTIOB

FTIOC ! ! E

FTIOD _i i_i |_i i_

Figure10.10 PWM Mode Example (2)
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GRB

H'0000 : | : — ——>Time

GRD  Ho200, X | HO0450 X | Hos20 X::

\ | \ i \

GRB X H'0200

Figure10.11 Buffer Operation Example (Output Compare€)
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FTIOB | L it . | |

TCNT value Output does not change when cycle register
) and duty register compare matches occur
GRA Write to GRB simultaneously.
T Writeto GRB.~]
| / == R
('5Write to GRB |
GRB T R
H'0000 : |
| Duty 100%
FTIOB

Output does not change when cycle register

TCNT value and duty register compare matches occur
imult ly.
Write to GRB o
GRA |----eeoo-- O— e . e D r=-
Write to GRB
1
O-
GRB Write to G
H'0000 : l >
| Duty 100% Duty 0% i
FTIOB ;

Figure10.12 PWM Mode Example
(TOB, TOC, and TOD = 0: initial output valuesare set to 0)
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GRA

Output does not change when cycle register
and duty register compare matches occur
simultaneously.

o
GRA O e e e
Write to GRB
|
O
GRB Write to G
H'0000 l > Tin

| Duty 0% Duty 100% :
FTIOB '

Figure10.13 PWM Mode Example
(TOB, TOC, and TOD = 1: initial output valuesare set to 1)
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-4 0 1 1 44 4 4 4 L L

Internal —
jﬁ R | | |
clock ising edge
\

R 1

TCNT N X N+1 X N+2

Figure 10.14 Count Timing for Internal Clock Source

o T LT L
External . q Risi d
clock i) Rising edge | ? ising edge

TCNT input
clock

TONT N X N+1 X N+2

Figure10.15 Count Timing for External Clock Source
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¢ ST
TCNT input | |
clock

TCNT N L N
GRA to GRD N

Compare I_l

match signal

FTIOA to FTIOD X

Figure10.16 Output Compare Output Timing
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Input capture I_l

signal

TONT :X N1 X N Nt N N2 )
N

GRA to GRD N

Figure 10.17 Input Capture Input Signal Timing

1054 Timing of Counter Clearing by Compare Match

Figure 10.18 shows the timing when the counter is cleared by compare match A. When
valueis N, the counter countsfrom 0to N, and itscycleisN + 1.

0 JL LT L e
Compare I_l

match signal
TONT N }  Ho000
GRA N

Figure10.18 Timing of Counter Clearing by Compare Match
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GRC, GRD

=

—
I

GRA, GRB

Figure10.19 Buffer Operation Timing (Compare Match)

o STt
Input capture I_l I_l
signal

TCNT PN LoNet
GRA, GRB Mo LN E S
GRC, GRD | I W | I N

Figure10.20 Buffer Operation Timing (Input Capture)
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TCNT input | |
clock

TCNT N X N+1

GRA to GRD N

Compare | |
match signal

IMFA to IMFD |

IRRTW |

Figure10.21 Timingof IMFA to IMFD Flag Setting at Compare Match
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TCNT N

GRA to GRD X N

IMFA to IMFD |

IRRTW |

Figure10.22 Timing of IMFA to IMFD Flag Setting at | nput Capture

10.5.8 Timing of Status Flag Clearing

When the CPU reads a status flag while it is set to 1, then writes 0 in the status flag, the s
is cleared. Figure 10.23 shows the status flag clearing timing.

TSRW write cycle
T1 T2
. J_I_I_I_mﬂ_l_l_l_l_l_l_l_l_L
Address XTSRW addressX
Write signal | I
IMFA to IMFD |
IRRTW |

Figure10.23 Timing of Status Flag Clearing by CPU
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ow/16

o, /2, ¢/4, o o o o x x x x x X

/8

[Legend] o: Counting enabled

x: Counting disabled (Counter value retained)

10.7 Usage Notes

The following types of contention or operation can occur in timer W operation.

1

The pulse width of the input clock signal and the input capture signal must be at leas
system clock cycles; shorter pulses will not be detected correctly. The system clock
here indicates the clock set for the CPU operation. For example, in the ¢w/8 operatic
¢dw x 16 clock cycles are required as the pulse width.

Writing to registersis performed in the T2 state of a TCNT write cycle.

If counter clear signal occursin the T2 state of a TCNT write cycle, clearing of the
takes priority and the write is not performed, as shown in figure 10.24. If counting-u
generated in the TCNT write cycle to contend with the TCNT counting-up, writing t
precedence.

Depending on the timing, TCNT may be incremented by a switch between different
clock sources. When TCNT isinternally clocked, an increment pulse is generated fre
rising edge of an internal clock signal, that is, the divided system clock (¢). Therefor
shown in figure 10.25 the switch is from alow clock signal to a high clock signal, th
switchover is seen as arising edge, causing TCNT to increment.

If timer W enters module standby mode while an interrupt request is generated, the i
reguest cannot be cleared. Before entering modul e standby mode, disable interrupt r

Rev. 3.00 May 15, 2007 Pag
RENESAS REJOC



capture operation 1n burter mode,
a. the captured values arereflected in GRA or GRB.
b. thewritten values are reflected in GRC or GRD. (The valuesin GRC or GRD are
in GRA or GRB before capturing.)
9. When the compare match timing conflicts with the GRA to GRD write timing as the «
match operation,
a thewritten values are reflected in GRA to GRD.
b. the FTIOA to FTIOD output changes by the compare match.
10. When the compare match A or B conflicts with the GRA or GRB write timing as the
match operation in buffer mode,
a. thewritten values are reflected in GRA or GRB. (The valuesin GRA or GRB are
in GRC or GRD of the buffer register.)
b. the FTIOA or FTIOB output changes by the compare match.
11. When the compare match A or B conflicts with the GRC or GRD write timing as the
match operation in buffer mode,
a. thevaluesin GRA or GRB are onesin GRC or GRD before writing.
b. the FTIOA or FTIOB output changes by the compare match.
12. When GRC or GRD is specified to the compare match output as the compare match c
in buffer mode, FT1OC or FTIOD output changes by the GRC or GRD compare matc

13. When ¢ow, dw/4, ¢w/16, or FTCI input is selected as the count clock, counting is enak
in subactive and subsleep modes. Counting is disabled during the oscillation stabiliza
in transition to the active mode.

14. When ¢ow, déw/4, ¢w/16, or FTCI input is selected as the count clock, counting is enak
active and sleep modes although counting may be misaligned by one in transition fror
active to subactive mode.
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Figure10.24 Contention between TCNT Writeand Clear

Previous clock —l | | | | | | | |_

New clock

() N

Count clock

/
TCNT N oK Net N /Ne2 N a3 X

The change in signal level at clock switching is
assumed to be a rising edge, and TCNT
increments the count.

Figure10.25 Internal Clock Switchingand TCNT Operation
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e Reset function

¢ Readable/writable counter of seconds, minutes, hours, and day-of-week with BCD ¢

e Periodic (0.25 seconds, 0.5 seconds, one second, minute, hour, day, and week) inter

e 8-bit free running counter

e Selection of clock source

e Use of module standby mode enables this module to be placed in standby mode inde
when not used. (The RTC is operating as theinitial value. For details, refer to sectio
Module Standby Function.)
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R — -
RTCCR1 |<+—>»

RTCFLG E—

Y

Interrupt

- > Interrupt
control circuit

\

[Legend]

RTCCSR:  Clock source select register

RSECDR:  Second date register/free running counter data register
RMINDR:  Minute date register

RHRDR: Hour date register

RWKDR: Day-of-week date register

RTCCR1:  RTC control register 1

RTCCR2:  RTC control register 2

RTCFLG: RTC interrupt flag register

PSS: Prescaler S

Figure1l.1 Block Diagram of RTC

11.2  Input/Output Pin
Table 11.1 shows the pin configuration of the RTC.

Table11.1 Pin Configuration

Name Abbreviation /O Function

Clock output TMOW Output RTC divided clock output
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e Clock source select register (RTCCSR)
o RTC interrupt flag register (RTCFLG)

11.3.1  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
read register used as a counter, when it operates as a free running counter. For more infc
on reading seconds, minutes, hours, and day-of-week, see section 11.4.3, Data Reading

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 (o
the values of second, minute, hour, and day-of-
registers. When this bit is 0, the values of seco
hour, and day-of-week data registers must be ¢
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 car
1 SCo1 —/(0)* R/W generated, 1 is added to the ten's position.
SCo00 —/(0)* R/W

Note: * Initial value after a reset caused by the RST bit in RTCCR1.
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hour, and day-of-week data registers must be ac

6 MN12 —/(0)* R/W Counting Ten's Position of Minutes

5 MN11 —/(0)* R/W Counts on 0 to 5 for 60-minute counting.

4 MN10 —/(0)*  R/W

3 MNO3 —/(0)* R/W Counting One's Position of Minutes

2 MNO02 —/(0)* R/W Counts on 0 to 9 once per minute. When a carry
1 MNO1 —/(0)* R/W generated, 1 is added to the ten's position.

0 MNOO —/(0)*  R/W

Note: * Initial value after a reset caused by the RST bit in RTCCR1.
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registers. When this bit is 0, trhe vaiues of sécm
hour, and day-of-week data registers must be ¢

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 HRO03 —/(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 i
1 HRO1 —/(0)* R/W generated, 1 is added to the ten's position.
0 HRO0O0 —/(0)* R/W

Note: * Initial value after a reset caused by the RST bit in RTCCR1.
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hour, and day-of-week data registers must be ac

6to3 — AllO — Reserved
These bits are always read as 0.
2 WK2 —/(0)* R/W Day-of-Week Counting
WKA1 —/(0)* R/W Day-of-week is indicated with a binary code
0 WKO —/(0)* R/W 000: Sunday
001: Monday

010: Tuesday

011: Wednesday

100: Thursday

101: Friday

110: Saturday

111: Reserved (setting prohibited)
Note: * Initial value after a reset caused by the RST bit in RTCCR1.
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0: RTC operates in 12-hour mode. RHRDR col
to 11.

1: RTC operates in 24-hour mode. RHRDR co
to 23.

5 PM —/(0)* R/W AM./P.M.
0: Indicates a.m. when RTC is in the 12-hour m
1: Indicates p.m. when RTC is in the 12-hour ir
4 RST 0 R/W Reset
0: Normal operation

1: Resets registers and control circuits except
and this bit. Clear this bit to 0 after having be
1.

3 INT —/(0)* R/W Interrupt Occurrence Timing

0: Periodic interrupts of second, minute, hour, ¢
week occur during the RTC busy period.

1: Periodic interrupts of second, minute, hour, ¢
week occur immediately after the RTC busy
finishes.

2to0 — All O — Reserved
These bits are always read as 0.
Note: * Initial value after a reset caused by the RST bit in RTCCR1.

Noon

24-hourcount [0 [1[2[3[4[5[6[7[8[9[10[11[12[13[14[15[16[17
12-hourcount |0 |1]2[3]|4|5]|6]|7[8]|9]10{11|0|1]|2[3]4]|5
PM 0 (Morning) 1 (Afternoon)

24-hour count [18]{19|20(21|22{23| 0
12-hourcount |6 |7 |8]9[10{11]| 0
PM 1 (Afternoon) 0

Figure11.2 Definition of Time Expression
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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 O05SEIE —/(0)* R/W 0.5-Second Periodic Interrupt Enable
0: Disables a 0.5-second periodic interrupt
1: Enables a 0.5-second periodic interrupt

0 025SEIE  —/(0)* R/W 0.25-Second Periodic Interrupt Enable
0: Disables a 0.25-second periodic interrupt
1: Enables a 0.25-second periodic interrupt

Note: * Initial value after a reset caused by the RST bit in RTCCR1.
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Bit Bit Name Value R/W Description
7 — 0 — Reserved
This bit is always read as 0.
RCS6 0 R/W Clock Output Selection
RCS5 0 R/W Select a clock output from the TMOW pin when
SUB32K 0 R/W TMOW output in PMR1.
000: ¢/4
010: ¢/8
100: ¢/16
110: ¢/32
xx1: ¢,
3 RCS3 1 R/W Clock Source Selection
2 RCS2 0 R/W 0000: ¢/8:-wvenereeenenes Free running counter opere
1 RCSH1 0 R/W 0001: ¢p/32:eenereeeeene Free running counter oper:
0 RCSO0 0 R/W 0010: ¢p/128:+-+eevenene Free running counter oper:
0011: ¢p/256:+++++senev-- Free running counter oper:
0100: ¢p/512:+wvevenene Free running counter oper:
0101: ¢/2048-------- Free running counter oper
0110: $p/4096:-----+--- Free running counter oper
0111: ¢p/8192:---evvne Free running counter oper
1000: ¢W/4 ................. RTC operation

1001 to 1111: Setting prohibited
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U IS writien 10 FOIFG when FOIFG = |

6 WKIFG —/(0)*'  R/(W)** [Setting condition]
When a week periodic interrupt occurs
[Clearing condition]
0 is written to WKIFG when WKIFG = 1

5 DYIFG —/(0)*'  R/(W)** [Setting condition]
When a day periodic interrupt occurs
[Clearing condition]
0 is written to DYIFG when DYIFG = 1

4 HRIFG —/(0)*'  R/(W)** [Setting condition]
When an hour periodic interrupt occurs
[Clearing condition]
0 is written to HRIFG when HRIFG = 1

3 MNIFG —/(0)*'  R/(W)** [Setting condition]
When a minute periodic interrupt occurs
[Clearing condition]
0 is written to MNIFG when MNIFG = 1

2 1SEIFG ~ —/(0)*"  R/(W)** [Setting condition]
When a one-second periodic interrupt occurs
[Clearing condition]
0 is written to 1SEIFG when 1SEIFG = 1
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Notes: 1. Initial value after a reset caused by the RST bit in RTCCR1.
2. Only 0 can be written to clear the flag.
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11.4.2 Initial Setting Procedure

Figure 11.3 shows the procedure for the initia setting of the RTC. To set the RTC again,
follow this procedure.

| RUN in RTCCR1 =0 | :| RTC operation is stopped.
|

| RST in RTCCR1 =1 | RTC registers and clock count
| controller are reset.

| RsTinRTCCR1=0 |
|

Set RTCCSR, RSECDR, Clock output and clock source are
selected and second, minute, hour,
RMINDR, RHRDR, d ; K . d d
RWKDR, 12/24 in ay-of-week, operating mode, an
RTCCR1, and PM a.m/p.m are set.
I .
RUN in RTCCR1 =1 | RTC operation is started.

Figure11.3 Initial Setting Procedure
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bit is set to 1, the registers are updated, and the BSY bit is cleared to 0.

. When INT in RTCCRL iscleared to 0 and an interrupt is used, read from the second
hour, and day-of-week registers after the relevant flag in RTCFLG is set to 1 and the
is confirmed to be 0.

When INT in RTCCR1 is set to 1 and an interrupt is used, read from the second, mir
and day-of-week registers after the relevant flag in RTCFLG is set to 1.

. Read from the second, minute, hour, and day-of-week registerstwice in arow, and i
no change in the read data, the read data is used.

Before update RWKDR = H'03, RHDDR = H'13, RMINDR = H'46, RSECDR = H'59
BSY bit =0
(1) Day-of-week data register read H'03
(2) Hour data register read H'13
(3) Minute data register read H'46

Processing flow

BSY bit -> 1 (under data update)
After update RWKDR = H'03, RHDDR = H'13, RMINDR = H'47, RSECDR = H'00
BSY bit-> 0
v

(4) Second data register read H'00

Figure11l.4 Example: Reading of Inaccurate Time Data
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Table11.2

Interrupt Name

Interrupt Sources

Interrupt Source

Overflow interrupt

Occurs when the free running counter is FOIE

overflowed.

Week periodic interrupt

Occurs every week when the day-of-week date WKIE
register value becomes 0.

Day periodic interrupt

Occurs every day when the day-of-week date DYIE

register is counted.

Hour periodic interrupt

Occurs every hour when the hour date register HRIE
is counted.

Minute periodic interrupt Occurs every minute when the minute date MNIE
register is counted.

One-second periodic Occurs every second when the one-second 1SEIE

interrupt date register is counted.

0.5-second periodic Occurs every 0.5 seconds. 05SEIE

interrupt

0.25-second periodic Occurs every 0.25 seconds. 025SEIE

interrupt

Rev. 3.00 May 15, 2007 Page 198 of 516

REJ09B0152-0300

RENESAS

Interrupt En



their values are undefined after power-on.

When using RTC interrupts, make sure to initialize the values before setting the IENRT
IENR1to 1.
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The WDT features are described below.

Selectable from eleven counter input clocks

Ten internal clock sources (¢/64, $/128, $/256, ¢p/512, /1024, $/2048, $/4096, (/81
and ¢,,/256) or the on-chip oscillator (R_./2048) can be selected as the timer-counte
Watchdog timer mode

If the counter overflows, thisLSI isinternally reset.

Interval timer mode

If the counter overflows, an interval timer interrupt is generated.

Use of module standby mode enables this module to be placed in standby mode inde
when not used. (The WDT is operating as the initial value. For details, refer to sectic
Module Standby Function.)
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L I} ok L |
L{ TCSRWD2 |<——>
[6,,/16 or ¢,,/256]

Y

Y

Interrupt/reset control |—»

[Legend]

TCSRWD1: Timer control/status register WD1
TCSRWD2: Timer control/status register WD2
TCWD: Timer counter WD

TMWD: Timer mode register WD

PSS: Prescaler S

Internal reset s
interrupt reque:

Figure12.1 Block Diagram of Watchdog Timer

12.2  Register Descriptions
The watchdog timer has the following registers.

e Timer control/status register WD1 (TCSRWD1)
o Timer control/status register WD2 (TCSRWD2)
e Timer counter WD (TCWD)

e Timer mode register WD (TMWD)
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This bit is always read as 1.

TCWE

R/W

Timer Counter WD Write Enable
TCWD can be written when the TCWE bit is se

When writing data to this bit, the write value for
be 0.

B4wI

R/W

Bit 4 Write Inhibit

The TCSRWE bit can be written only when the
value of the B4WI bit is 0. This bit is always ree

TCSRWE

0

R/W

Timer Control/Status Register WD Write Enable

The WDON and WRST bits can be written whe
TCSRWE bit is set to 1.

When writing data to this bit, the write value for
be 0.

B2wI

R/W

Bit 2 Write Inhibit

The WDON bit can be written only when the wr
of the B2WI bit is 0. This bit is always read as 1
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e When 0 is written to the WDON bitand O to t
bit while the TCSRWE bit is 1

1 BOWI 1 R/W Bit 0 Write Inhibit
The WRST bit can be written only when the write
the BOWI bit is 0. This bit is always read as 1.

0 WRST 0 R/W Watchdog Timer Reset

Indicates whether a reset caused by the watchdt
is generated. This bit is not cleared by a reset ce
the watchdog timer.

[Setting condition]

When TCWD overflows and an internal reset sig
generated

[Clearing conditions]

e Reset by RES pin

e When 0 is written to the WRST bit and 0 to tt
bit while the TCSRWE bit is 1
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[Setting condition]
When TCWD overflows (changes from H'FF to

When internal reset request generation is selec
watchdog timer mode, this bit is cleared autom:
the internal reset after it has been set.

[Clearing condition]

e When TCSRWD2 is read when OVF = 1, th
written to OVF

B5WI

R/(W)*?

Bit 5 Write Inhibit

The WT/IT bit can be written only when the wri
the B5WI bit is 0. This bit is always read as 1.

WTAT

R/(W)**

Timer Mode Select

Selects whether the WDT is used as a watchdc
interval timer.

0: Watchdog timer mode
1: Interval timer mode

B3wI

R/(W)**

Bit 3 Write Inhibit

The IEOVF bit can be written only when the wri
the B3WI bit is 0. This bit is always read as 1.

IEOVF

R/(W)*°

Overflow Interrupt Enable

Enables or disables an overflow interrupt reque
interval timer mode.

0: Disables an overflow interrupt
1: Enables an overflow interrupt
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TCWD is an 8-hit readable/writable up-counter. When TCWD overflows from H'FF to H
internal reset signal is generated and the WRST bitin TCSRWD1issetto 1. TCWD isir
to H'00.
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1 CKS1 0 R/W 00xx: On-chip oscillator: counts on R, /2048

0 CKSO0 0 R/W  0100: Internal clock: counts on ¢,,/16
0101: Internal clock: counts on ¢,/256
011x: Reserved
1000: Internal clock: counts on ¢/64
1001: Internal clock: counts on ¢/128
1010: Internal clock: counts on ¢/256
1011: Internal clock: counts on ¢/512
1100: Internal clock: counts on ¢/1024
1101: Internal clock: counts on ¢/2048
1110: Internal clock: counts on ¢$/4096
1111: Internal clock: counts on $8192

For the on-chip oscillator overflow periods, se
21, Electrical Characteristics.

In active (medium-speed), sleep (medium-sp
subactive, and subsleep modes, the 00xx val
interval timer mode cannot be set simultaneo

In subactive and subsleep modes, when the ¢
frequency is ¢,,/8, the 010x value and the inte
mode cannot be set simultaneously.

[Legend] x: Don't care.
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reset signal Is output Tor aperiod of 512 clock cycles by the on-chip oscillator (R,g.). 1C!
writable counter, and when avalueis set in TCWD, the count-up starts from that value. /£
overflow period in the range of 1 to 256 input clock cycles can therefore be set, accordin
TCWD set value.

Figure 12.2 shows an example of watchdog timer operation.

Example: With 30-ms overflow period when ¢ = 4 MHz

4 %108
8192

x 30 x 107 = 14.6

Therefore, 256 — 15 = 241 (H'F1) is set in TCWD.

TCWD overflow
TCWD
count value
H'00 y U 4 ------------------------------- -
Start v
H'F1 written H'F1 written to TCWD Reset generated
to TCWD
Internal reset I_l
signal
>

512 clock cycles by R,

Figure12.2 Example of Watchdog Timer Operation
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TCWD
count value

H'00

Interval timer Interval timer Interval timer Interval timer Inten
interrupt interrupt interrupt interrupt int
request generated request generated request generated request generated request

WT/I

|
[}

Figure12.3 Interval Timer Mode Operation

12.3.3 Timing of Overflow Flag (OVF) Setting

Figure 12.4 shows the timing of the OVF flag setting. The OVF flag in TCSRWD?2 is st
TCWD overflows. At the sametime, areset signal is output in watchdog timer mode an
interval timer interrupt is generated in interval timer mode.

0 i I I I

TCWD HFF X H00
Overflow signal | |
OVF

Figure12.4 Timing of OVF Flag Setting
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If modes are switched between watchdog timer and interval timer, while the WDT is ope
error may occur in the count value. Software must stop the watchdog timer (by clearing t
WDON hit to 0) before switching modes.

125.2 Module Standby M ode Control

The WDCKSTP bit in CKSTPR2 isvalid when the WDON hit in the timer control/status
WD1 (TCSRWD1) is cleared to 0. The WDCKSTP hit can be cleared to 0 while the WD
set to 1 (while the watchdog timer is operating). However, the watchdog timer does not e
module standby mode but continues operating. When the WDON bit is cleared to 0 by sc
after the watchdog timer stops operating, the WDCKSTP bit is valid at the same time anc
watchdog timer enters module standby mode.

1253 Clearingthe WT/T or IEOVF Bit in TCSRWD21t00

When clearing the WT/IT or IEOVF bit in the timer control/status register WD2 (TCSRV
0, the corresponding bit may not be cleared to 0 depending on the program address. In pa
if lower two bitsin the address of the MOV .B instruction to transfer avalue to TCSRWL
B'10, the WT/IT or IEOVF bit is successfully cleared to 0, whereas if lower two bitsin tt
are B'00, the WT/IT or IEOVF bit may not be cleared to 0. To avoid this failure, make su
the assembly program shown in table 12.1, when clearing the WT/IT or IEOVF bit to 0. ¢
TCSRWD?2 by the 8-bit absolute address, and LABEL by the 16-bit absolute address. Do
change nor add instructions. The value of "xx" in line 1 and line 4 must be set according
12.2. Usean arbitrary 8-bit general register for Rn and Rm. In addition, Addressl in tabl
shows an example when the WT/IT or IEOVF bit is cleared to 0 successfully by the MO
instruction in line 2. Address2 in table 12.1 shows an example when the WT/IT or IEQV!
to be cleared to 0 by the MOV .B instruction in line 2, but cleared to 0 by the MOV .B ins
inline6.
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H'O0AE  H'0240 LABEL NOP

Table12.2 TheValueof " xx"

Bit(s) Cleared to 0 The Value of "xx" in Line 1 The Value of "xx" in
Both WT/T and IEOVF 07 28
Only WTAT 17 20
Only IEOVF 47 08
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clocks (¢) or subclocks (b))

Can be used as two-channel independent 8-bit event counter or single-channel indep
bit event counter.

Event/clock input is enabled when IRQAEC goes high or event counter PWM outpu
(IECPWM) goes high.

Both rising and falling edge sensing can be used for IRQAEC or event counter PWN
(IECPWM) interrupts. When the asynchronous counter is not used, they can be used
independent interrupts.

When an event counter PWM is used, event clock input enabling/disabling can be c
aconstant cycle.

An event counter PWM can be output to the AECPWM pin.

Selection of four clock sources

Three internal clocks (¢/2, $/4, or ¢/8) or external event can be selected.

Both rising and falling edge counting is possible for the AEVL and AEVH pins.
Counter resetting and halting of the count-up function can be controlled by software
Automatic interrupt generation on detection of an event counter overflow

Use of module standby mode enables this module to be placed in standby mode inde
when not used. (The asynchronous event counter is halted asthe initial value. For de
to section 5.4, Module Standby Function.)
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AEVL—

Edge sensing

L
X

A

PWM waveform

generator

ECPWDR

Event counter L
ECCR: Event counter control register

circuit
IRQAEC Edge sensing
circuit
A 1
AECPWM =
=
=
o
O
w
\
ow/16 E'Zl :
o/2, o/4,
/8, /16,
/32, /64
| AEGSR Ilﬂ
[Legend]
ECPWCR: Event counter PWM compare register ECL:
ECPWDR: Event counter PWM data register
AEGSR: Input pin edge select register ECH: Event counter H
ECCSR: Event counter control/status register PSS:

Prescaler s

Figure13.1 Block Diagram of Asynchronous Event Counter
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Event input enable IRQAEC Input Input pin for interrupt enabling event in
interrupt input

Event counter PWM AECPWM Output Event counter PWM output pin
output

13.3  Register Descriptions
The asynchronous event counter has the following registers.

e Event counter PWM compare register (ECPWCR)
e Event counter PWM dataregister (ECPWDR)

e Input pin edge select register (AEGSR)

e Event counter control register (ECCR)

e Event counter control/status register (ECCSR)

e Event counter H (ECH)

e Event counter L (ECL)
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When changing the conversion period, the eve

counter PWM must be halted by clearing the E
bit in AEGSR to 0 before modifying ECPWCR.

11 ECPWCR11 1 R/W
10 ECPWCR10 1 R/W
9 ECPWCR9 1 RW
8 ECPWCR8 1 R/W
7 ECPWCR7 1 R/W
6 ECPWCR6 1 R/W
5 ECPWCR5 1 R/W
4 ECPWCR4 1 RW
3 ECPWCR3 1 R/W
2 ECPWCR2 1 R/W
1 ECPWCR1 1 R/W
0 ECPWCRO 1 R/W
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—_
—_

ECPWDR11

When changing the conversion cycle, the eve

Y
o

ECPWDR10

©

ECPWDR9

counter PWM must be halted by clearing the
bit in AEGSR to 0 before modifying ECPWDF

The read value is undefined.

ECPWDRS

ECPWDR?7

ECPWDR6

ECPWDR5

ECPWDR4

ECPWDRS3

ECPWDR2

ECPWDR1

O|=[N|W|(H| O[O | N|O0

ECPWDRO

S R R e =

RENESAS
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01: Rising edge on AEVH pin is sensed
10: Both edges on AEVH pin are sensed
11: Setting prohibited

5 ALEGS1
4 ALEGSO

RW
R/W

AEC Edge Select L

Select rising, falling, or both edge sensing for tl
pin.

00: Falling edge on AEVL pin is sensed

01: Rising edge on AEVL pin is sensed

10: Both edges on AEVL pin are sensed

11: Setting prohibited

3 AIEGS1
2 AIEGS0

R/W
RW

IRQAEC Edge Select

Select rising, falling, or both edge sensing for t
IRQAEC pin.

00: Falling edge on IRQAEC pin is sensed

01: Rising edge on IRQAEC pin is sensed

10: Both edges on IRQAEC pin are sensed
11: Setting prohibited

1 ECPWME

R/W

Event Counter PWM Enable

Controls operation of event counter PWM and
of IRQAEC.

0: AEC PWM halted, IRQAEC selected
1: AEC PWM enabled, IRQAEC not selected

R/W

Reserved

Although this bit is readable/writable, only 0 sh
written to.
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11: ¢/8

ACKL1
ACKLO

RW
R/W

AEC Clock Select L

Select the clock used by ECL.
00: AEVL pin input

01: ¢/2

10: ¢/4

11: ¢/8

PWCK2
PWCK1
PWCKO

R/W
R/W
RW

Event Counter PWM Clock Select

Select the event counter PWM clock.

000: ¢/2

001: ¢/4

010: ¢/8

011: ¢/16

100: ¢/32

101: ¢/64

110: ¢,/16

111: Setting prohibited

When changing the event counter PWM clocl
ECPWME bit in AEGSR must be cleared to O

the PWM before rewriting this setting.

RW

Reserved

Although this bit is readable/writable, only 0 s

written to.
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[Clearing condition]
When this bit is written to 0 after reading OVH

6 OvL 0 R/W*

Counter Overflow L
This is a status flag indicating that ECL has ov«
[Setting condition]

When ECL overflows from H'FF to H'00 while (
setto 1

[Clearing condition]
When this bit is written to 0 after reading OVL -

Reserved

Although this bit is readable/writable, only 0 sh
written to.

4 CH2 0 R/W

Channel Select
Selects how ECH and ECL event counters are

0: ECH and ECL are used together as a single
16-bit event counter

1: ECH and ECL are used as two-channel 8-bi
counter

3 CUEH 0 R/W

Count-Up Enable H
Enables event clock input to ECH.

0: ECH event clock input is disabled (ECH valt
retained)

1: ECH event clock input is enabled
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1: ECH reset is cleared and count-up function
enabled

0 CRCL 0 R/W Counter Reset Control L
Controls resetting of ECL.
0: ECL is reset

1: ECL reset is cleared and count-up function
enabled

Note: * Only 0 can be written to clear the flag.
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9 £ v n ECH can be cleared to H'00 when the CRCH D
4 ECH4 0 R ECCSRis cleared to 0.

3 ECH3 0 R

2 ECH2 0 R

1 ECH1 0 R

0 ECHO 0 R

13.3.7 Event Counter L (ECL)

ECL isan 8-hit read-only up-counter that operates as an independent 8-bit event counter.
also operates as the lower 8-bit up-counter of a 16-bit event counter configured in combit
with ECH.

Initial
Bit Bit Name Value R/W  Description
7 ECL7 0 R Either the external asynchronous event AEVL |
o Eole 0 mbobncmbe e e mdecs
5 ECL5 0 R ECCSR is cleared to 0.
4 ECL4 0 R
3 ECL3 0 R
2 ECL2 0 R
1 ECLA1 0 R
0 ECLO 0 R
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low or IECPWM islow, the input clock is not input to the counter, which therefore doe:
operate. Figure 13.2 shows the software procedure when ECH and ECL are used as a 1€

counter.

Clear CH2to 0
Set ACKL1, ACKLO, ALEGS1, and ALEGS0
Clear CUEH, CUEL, CRCH, and CRCL to 0

Clear OVH and OVL to O
Set CUEH, CUEL, CRCH, and CRCL to 1

Figure13.2 Software Procedurewhen Using ECH and ECL as 16-Bit Event C

AsCH2iscleared to O by areset, ECH and ECL operate as a 16-bit event counter after
and as ACKL1 and ACKLO are cleared to B'00, the operating clock is asynchronous evi
from the AEVL pin (using falling edge sensing).

When the next clock isinput after the count value reaches H'FF in both ECH and ECL, |
ECL overflow from H'FFFF to H'0000, the OVH flagisset to 1 in ECCSR, the ECH an
count values each return to H'00, and counting up is restarted. When an overflow occur:
IRREC bitisset to 1in IRR2. If the [IENEC bit in IENR2 is 1 at thistime, an interrupt r
sent to the CPU.
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low or IECPWM islow, theinput clock is not input to the counter, which therefore does
operate. Figure 13.3 shows the software procedure when ECH and ECL are used as 8-bit

counters.

Set CH2to 1

Set ACKH1, ACKHO, ACKL1, ACKLO,
AHEGS1, AHEGSO0, ALEGS1, and ALEGS0
Clear CUEH, CUEL, CRCH, and CRCL to 0

Clear OVH and OVL to 0O
Set CUEH, CUEL, CRCH, and CRCL to 1

Figure 13.3 Softwar e Procedurewhen Using ECH and ECL as 8-Bit Event Col

When the next clock isinput after the ECH count value reaches H'FF, ECH overflows, th
flagissetto 1in ECCSR, the ECH count value returns to H'00, and counting up is restart
Similarly, when the next clock isinput after the ECL count value reaches H'FF, ECL ove
the OVL flagisset to 1 in ECCSR, the ECL count value returns to H'00, and counting ug
restarted. When an overflow occurs, the IRREC bit isset to 1 in IRR2. If the IENEC bit i
is1 at thistime, an interrupt request is sent to the CPU.
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interrupt request is sent to the CPU.

Rising, falling, or both edge sensing can be selected for the IRQAEC input pin with bits
and AIEGS0 in AEGSR.

13.4.4 Event Counter PWM Operation

When the ECPWME bit in AEGSR is 1, the ECH and ECL input clocks are enabled wh
counter PWM output (IECPWM) is high. When IECPWM islow, theinput clocks are n
the counters, and so ECH and ECL do not count. ECH and ECL count operations can th
controlled cyclically by controlling event counter PWM. In this case, ECH and ECL car
controlled individually.

IECPWM can also operate as an interrupt source.

Interrupt enabling is controlled by IENEC2 in IENR1. When an IECPWM interrupt isg
interrupt request flag IRREC2 in IRRLissetto 1. If IENEC2 in IENR1issetto 1 at thic
interrupt request is sent to the CPU.

Rising, faling, or both edge detection can be selected for IECPWM interrupt sensing wi
AIEGS1 and AIEGS0 in AEGSR.
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condition, event counter PWM output (IECPWM) isfixed low. )
Table13.2 Examplesof Event Counter PWM Operation

Conditions: fose =4 MHz, T = 4 MHz, f,, = 32.768 kHz, f¢,, = 32.768 kHz, high-sp
active mode, ECPWCR value (Ncm) = H'7A11, ECPWDR vaue (Ndr) = H'16E3

Clock Clock

Source Source ECPWCR Value ECPWDR toff =T x (Ndr tcm =T x (Ncm ton =
Selection Cycle (T)* (Ncm) Value (Ndr) +1) +1) toff
¢/2 0.5 ps H'7A11 H'16E3 2.93ms 15.625 ms 12.6¢
¢/4 1 s D'31249 D'5859 5.86 ms 31.25ms 25.3¢
¢/8 2 ps 11.72 ms 62.5 ms 50.7¢€
/16 4 ps 23.44 ms 125.0 ms 101.
/32 8 us 46.88 ms 250.0 ms 203.1
$/64 16 ps 93.76 ms 500.0 ms 406.2
$,/16 488 ps 2861.59 ms 15260.19 ms 1239

Note: * toff minimum width
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IRQAEC or
IECPWM

Actually counted

Edge generated by clock retur

=}

clock source \

-
\

M

Counter value Nx N+1 X

N+2 X N3 X N4 X N4s X:

Clock stopped

A

Figure 13.5 Example of Clock Control Operation
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ECL AEVL

/2, /4, o o o o X x x x x x x

¢/8

PWM ow/16 o o o o o o o x x o o

/2, /4, o o o o x x x x x x x
/8,

/16,

/32,

/64

[Legend] o: Counting enabled
x: Counting disabled (Counter value retained)
Notes: 1. The count-up function is enabled only when IRQAEC/IECPWM = 1.

2. Output is in the high-impedance state during standby mode or the oscillation
stabilization time from standby mode.
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Table13.4 Maximum Clock Frequency

Mode

Maximum Clock Fre
Input to AEVH/AEVI

Active (high-speed), sleep (high-speed)

410 10 MHz (2.7 to 3
2to4.2MHz (1.810:

Active (medium-speed), sleep (medium-speed) (dos/8) 2 - oo
(00s/16) fose

fosc =4 MHz to 10 MHz (2.7 to 3.6 V) (doscf32) 1/2 - fog

foec=2MHzt0 4.2 MHz (1.8 t0 3.6 V) ($os/64) 174 - fooo

Watch, subactive, subsleep, standby (9y) 2000 kHz
(¢,/2) 1000 kHz
(¢,/4) 500 kHz

¢, = 32.768 kHz or 38.4 kHz (0,/8) 250 kHz

3. When AEC uses with 16-bit mode, set CUEH in ECCSR to 1 first, set CRCH in ECX
second, or set both CUEH and CRCH to 1 at same time before clock input. When Al
operating on 16-bit mode, do not change CUEH. Otherwise, ECH will be miscounte

4. When ECPWME in AEGSR is 1, the event counter PWM is operating and therefore

and ECPWDR should not be modified.

When changing the data, clear the ECPWME bit in AEGSR to O (halt the event cour

before modifying these registers.

5. Theevent counter PWM data register and event counter PWM compare register mu:
that event counter PWM data register < event counter PWM compare register. If the
do not satisfy this condition, do not set ECPWME to 1 in AEGSR.

Rev. 3.00 May 15, 2007 Pag

RENESAS

REJOS



Rev. 3.00 May 15, 2007 Page 230 of 516
REJ09B0152-0300 RENESAS



141  Features

e Choice of asynchronous or clock synchronous serial communication mode
o Full-duplex communication capability

The transmitter and receiver are mutually independent, enabling transmission and re
be executed simultaneously.

Double-buffering is used in both the transmitter and the receiver, enabling continuot
transmission and continuous reception of serial data.

e On-chip baud rate generator alows any hit rate to be selected

e On-chip baud rate generator, internal clock, or external clock can be selected as atre
clock source.

e Six interrupt sources

Transmit-end, transmit-data-empty, receive-data-full, overrun error, framing error, &
error.

e Use of module standby mode enables this module to be placed in standby mode inde
when not used. (The SCI3 is halted asthe initia value. For details, refer to section 5
Standby Function.)

Asynchronous mode

e Datalength: 7, 8, or 5 bits
e Stop bit length: 1 or 2 bits
e Parity: Even, odd, or none
e Receive error detection: Parity, overrun, and framing errors

e Break detection: Break can be detected by reading the RXD3 pin level directly in th
framing error
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eXxternal Clock

Baud rate generator

fg— 111l Vivuiv

(¢/64, 6/16, dw, 0)

‘—l BRR3

Transmit/receive
control circuit

|
.O .
oy}
w
Internal data bus

SCK3 o
Clock
I TSR3
| RSR3
SPCR
TXD3 O=—7
IrCR
RXD3 O—
[Legend]
RSR3: Receive shift register 3
RDR3: Receive data register 3
TSR3: Transmit shift register 3
TDR3: Transmit data register 3
SMR3: Serial mode register 3
SCRS3: Serial control register 3
SSR3: Serial status register 3
BRR3: Bit rate register 3
BRC3: Bit rate counter 3
SPCR: Serial port control register
IrCR: IrDA control register
SEMR: Serial extended mode register

Interrupt reques
(TEI3, TXI3, R

Figure14.1 Block Diagram of SCI3
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143 Register Descriptions

The SCI3 hasthe following registers for each channel.

Receive shift register 3 (RSR3)*
Receive dataregister 3 (RDR3)*
Transmit shift register 3 (TSR3)*
Transmit dataregister 3 (TDR3)*
Serial mode register 3 (SMR3)*
Serial control register 3 (SCR3)*
Seria statusregister 3 (SSR3)*
Bit rate register 3 (BRR3)*

Serial port control register (SPCR)
IrDA control register (IrCR)

Serial extended mode register (SEMR)

Notee * Theseregister names are abbreviated to RSR, RDR, TSR, TDR, SMR, SCR,

BRR in the text.

RENESAS
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reLtlve-cliadditu. Ao o diid MU TUNLUUNT co a UUUUIc bulicl il dilo vway, LUNUTIUUUS 1T
operations are possible. After confirming that the RDRF bit in SSR is set to 1, read RDR
once. RDR cannot be written to by the CPU. RDR isinitialized to H'00.

RDR isinitialized to H'00 by areset or in standby mode, watch mode, or module standby

14.3.3 Transmit Shift Register (TSR)

TSR is ashift register that transmits serial data. To perform seria data transmission, the
transfers transmit data from TDR to TSR automatically, then sends the data that starts frc
LSB to the TXD3 pin. Datatransfer from TDR to TSR is not performed if no data has be
written to TDR (if the TDRE bit in SSR is set to 1). TSR cannot be directly accessed by t

1434 Transmit Data Register (TDR)

TDR isan 8-bit register that stores data for transmission. When the SCI 3 detects that TSF
empty, it transfers the transmit data written in TDR to TSR and starts transmission. The
buffered structure of TDR and TSR enables continuous serial transmission. If the next tre
data has already been written to TDR during transmission of one-frame data, the SCI3 tre
the written datato TSR to continue transmission. To achieve reliable seria transmission,
transmit data to TDR only once after confirming that the TDRE bit in SSRissetto 1. TD
initialized to H'FF.

TDRisinitialized to H'FF by areset or in standby mode, watch mode, or modul e standby
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1: Clock synchronous mode

CHR

R/W

Character Length (enabled only in asynchron
0: Selects 8 or 5 bits as the data length.
1: Selects 7 or 5 bits as the data length.

When 7-bit data is selected. the MSB (bit 7) i
not transmitted. To select 5 bits as the data le
1 to both the PE and MP bits. The three most
bits (bits 7, 6, and 5) in TDR are not transmitt
clock synchronous mode, the data length is fi
bits regardless of the CHR bit setting.

PE

R/W

Parity Enable (enabled only in asynchronous

When this bit is set to 1, the parity bit is adde
transmit data before transmission, and the pa
checked in reception. In clock synchronous rr
parity bit addition and checking is not performr
regardless of the PE bit setting.
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all evell rdiroer.

When odd parity is selected, a parity bit is add
transmission so that the total number of 1 bits
transmit data plus the parity bit is an odd numt
reception, a check is carried out to confirm tha
number of 1bits in the receive data plus the pa
an odd number.

If parity bit addition and checking is disabled in
synchronous mode and asynchronous mode, t
setting is invalid.

3 STOP 0 R/W Stop Bit Length (enabled only in asynchronous
Selects the stop bit length in transmission.
0: 1 stop bit
1: 2 stop bits
For reception, only the first stop bit is checked,
regardless of the value in the bit. If the second
is 0, it is treated as the start bit of the next tran
character.

2 MP 0 R/W 5-Bit Communication

When this bit is set to 1, the 5-bit communicati
is enabled. Make sure to set bit 5 (PF) to 1 wh
this bit (MP) to 1.
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Subsieep mode, the sUls Can be used only w
selected for the CPU operating clock.

For the relationship between the bit rate regis
and the baud rate, see section 14.3.8, Bit Rat
(BRR). n is the decimal representation of the
in BRR (see section 14.3.8, Bit Rate Register

14.3.6 Serial Control Register (SCR)

SCR enables or disables SCI3 transfer operations and interrupt requests, and selects the
clock source. For details on interrupt requests, refer to section 14.7, Interrupt Requests.

SCRisinitialized to H'00 by areset or in standby mode, watch mode, or module standb

Initial
Bit Bit Name  Value R/W Description
7 TIE 0 R/W Transmit Interrupt Enable
When this bit is set to 1, the TXI3 interrupt re
enabled. TXI3 can be released by clearing thi
or Tl bit to 0.
6 RIE 0 R/W Receive Interrupt Enable

When this bit is set to 1, the RXI3 and ERI3 i
requests are enabled.

RXI3 and ERI3 can be released by clearing tt
bit or the FER, PER, or OER error flag to 0, o
clearing the RIE bit to 0.
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vvnen tnis DIt IS set 1o |1, reception Is ernabied.
state, serial data reception is started when a s
detected in asynchronous mode or serial clock
detected in clock synchronous mode. Be sure
out the SMR settings to decide the reception fc
before setting bit RE to 1.

Note that the RDRF, FER, PER, and OER flag
are not affected when bit RE is cleared to 0, ar
their previous state

3 MPIE 0 R/W

Reserved

2 TEIE 0 R/W

Transmit End Interrupt Enable

When this bit is set to 1, the TEI3 interrupt req
enabled. TEI3 can be released by clearing bit
0 and clearing bit TEND to 0 in SSR, or by cle:
TEIE to 0.
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D

11: Reserved

Clock synchronous mode:

00: Internal clock (SCKS pin functions as cloc
01: Reserved

10: External clock (SCK3 pin functions as clo
11: Reserved
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[Setting conditions]

e When the TE bitin SCRis 0

e When data is transferred from TDR to TSR
[Clearing conditions]

e When 0 is written to TDRE after reading TL
¢ When the transmit data is written to TDR

6 RDRF 0 R/(W)*

Receive Data Register Full

Indicates that the received data is stored in RC

[Setting condition]

e When serial reception ends normally and r
data is transferred from RSR to RDR

[Clearing conditions]

¢ When 0 is written to RDRF after reading R

When data is read from RDR

If an error is detected in reception, or if the RE
SCR has been cleared to 0, RDR and bit RDR
affected and retain their previous state.

Note that if data reception is completed while t
is still set to 1, an overrun error (OER) will occi
the receive data will be lost.
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data It held perore the overrun error occurrea
received after the error is lost. Reception can
continued with bit OER set to 1, and in clock

synchronous mode, transmission cannot be ¢
either.

FER

Framing Error

[Setting condition]

¢ When a framing error occurs in reception
[Clearing condition]

e When 0 is written to FER after reading FE

When bit RE in SCR is cleared to 0, bit FER i
affected and retains its previous state.

Note that, in 2-stop-bit mode, only the first stc
checked for a value of 1, and the second stor
checked. When a framing error occurs, the re
is transferred to RDR but bit RDRF is not set.
Reception cannot be continued with bit FER :
clock synchronous mode, neither transmissio
reception is possible when bit FER is set to 1
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still transferred to RDR, but bit RDRF is no
Reception cannot be continued with bit PE|
1. In clock synchronous mode, neither tran.
nor reception is possible when bit PER is s

2 TEND 1 R

Transmit End

[Setting conditions]

e When the TE bitin SCRis 0

e When TDRE = 1 at transmission of the last
1-byte serial transmit character

[Clearing conditions]

e When 0 is written to TDRE after reading TI

¢ When the transmit data is written to TDR

1 MPBR 0 R

Reserved

This bit is always read as 0 and cannot be mo«

0 MPBT 0 R/W

Reserved

The write value should always be 0.

Note: * Only 0 can be written to clear the flag.
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[Asynchronous Mode and ABCSBit is(]

_ )
32x22"x B

B (bit rate obtained from n, N, ¢) — R (bit rate in left-hand column in table 14.2)

Error (%) =
R (bit rate in left-hand column in table 14.2)

[Asynchronous Mode and ABCSBit is 1]

6
16 x 22" x B

B (bit rate obtained from n, N, ¢) — R (bit rate in left-hand column in table 14.3

Error (%) =
R (bit rate in left-hand column in table 14.3)

[Legend]

B: Bit rate (bit/s)

N: BRR setting for baud rate generator (0 < N < 255)

o: Operating frequency (Hz)

n: Baud rate generator input clock number (n=0, 2, or 3)
(Therelation between n and the clock is shown in table 14.4)
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100 U.106
51 0.16

100
54
26
13

600 - - — o 1 0.00
1200 - - = 0 0 000
2400 - = — - - = 0.16
4800 - - = - - = 12 0.16
9600 - - = - - = - - —
19200 - - = - - = - - = - -
31250 - - = - - = 0 1 0.00 - =
38400 - - = - - = - - — - =

oO|Oo|O|C
N
)]

OO |O|[O|C

Table14.2 Examplesof BRR Settingsfor Various Bit Rates (Asynchronous Mode
ABCSBItis0) (2)

2.4576 MHz 3 MHz 3.6864 MHz 4 MH
Bit Rate Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N
110 2 43 -0.83 2 52 0.50 2 64 0.70 2 70
150 2 31 0.00 2 38 0.16 2 47 0.00 2 51
200 2 23 0.00 2 28 1.02 2 35 0.00 2 38
250 2 18 1.05 2 22 1.90 2 28 -0.69 2 30
300 0 255 0.00 2 19 —2.34 2 23 0.00 2 25
600 0 127 0.00 0 155 0.16 0 191  0.00 0 207
1200 0 63 0.00 0 77 0.16 0 95 0.00 0 103
2400 0 31 0.00 0 38 0.16 0 47 0.00 0 51
4800 0 15 0.00 0 19 —2.34 0 23 0.00 0 25
9600 0 7 0.00 0 9 -2.34 0 11 0.00 0 12
19200 0 3 0.00 0 4 -2.34 0 5 0.00 — —
31250 — —_ — 0 2 0.00 — — — 0 3

38400 0 1 0.00 0.00 — —

|
|
|
o
N
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o10,0] 0 217 V.2l ) o0 UL.UU z 19 1.7 z 19
1200 0 108 0.21 0 127 0.00 0 129 0.16 0 155
2400 0 54 -0.70 0 63 0.00 0 64 0.16 0 77
4800 0 26 1.14 0 31 0.00 0 32 -1.36 0 38
9600 0 13 -248 0 15 0.00 0 15 1.73 0 19
19200 0 6 —2.48 0 0.00 0 1.73 0

31250 — — — 0 -1.70 0 0.00 0

38400 — — — 0 0.00 0 1.73 0

Table14.2 Examplesof BRR Settingsfor Various Bit Rates (Asynchronous M ode

ABCSBIt is0) (4)

6.144 MHz 7.3728 MHz 8 MHz 9.8304 MHz 1
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%) n N
110 2 108 0.08 2 130 -0.07 2 141 0.03 2 174 026 2 1
150 2 79 0.00 2 95 0.00 2 103 0.16 2 127 0.00 2 1
200 2 59 0.00 2 71 0.00 2 77 0.16 2 95 0.00 2 9
250 2 47 0.00 2 57 -0.69 2 62 -0.79 2 76 -0.26 2
300 2 39 0.00 2 47 0.00 2 51 0.16 2 63 0.00 2 6
600 2 19 0.00 2 23 0.00 2 25 0.16 2 31 0.00 2 3
1200 0 159 0.00 0 191 0.00 0 207 0.16 0 255 0.00 2 1!
2400 0 79 0.00 0 95 0.00 0 103 0.16 0 127 0.00 0 1
4800 0 39 0.00 0 47 0.00 0 51 0.16 0 63 0.00 0 6
9600 0 19 0.00 0 23 0.00 0 25 0.16 0 31 0.00 0 3
19200 0 0.00 0 11 0.00 0 12 0.16 0 15 0.00 o 1
31250 0 2.40 _—— - 0o 7 0.00 0o 9 -170 0 9
38400 0 0.00 0 5 0.00 _ - — o 7 0.00 0o 7

RENESAS
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U/ U. 10
103 0.16
51 0.16

cl/
108
54
26
13

600 - - -
1200 S —
2400 - - -
4800 —_ = = —_ = = 25 0.16
9600 _- = - _- = - 12 0.16
19200 L — - - — - - -

31250 —_ = - _ - - 0 3 0.00 — —
38400 - - — - - — U — - —

o|o|c

o|=|u
o
o
S

o

o

o
o|lo|o|o|c

OO0 |O0|O|C

Table14.3 Examplesof BRR Settingsfor Various Bit Rates (Asynchronous Mode
ABCSBItis1) (2)

2.4576 MHz 3 MHz 3.6864 MHz 4 MH
Bit Rate Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N
110 2 86 0.31 2 106 -0.44 2 130 -0.07 2 141
150 2 63 0.00 2 77 0.16 2 95 0.00 2 103
200 2 47  0.00 2 58 -0.69 2 71 0.00 2 77
250 2 37 1.05 2 46 -0.27 2 57 -0.69 2 62
300 2 31 0.00 2 38 0.16 2 47 0.00 2 51
600 0 255 0.00 2 19 -2.34 2 23 0.00 2 25
1200 0 127 0.00 0 155 0.16 0 191 0.00 0 207
2400 0 63 0.00 0 77 0.16 0 95 0.00 0 103
4800 0 31 0.00 0 38 0.16 0 47 0.00 0 51
9600 0 15 0.00 0 19 -2.34 0 23 0.00 0 25
19200 0 7 0.00 0 9 —2.34 0 11 0.00 0 12
31250 0 4 -1.70 O 5 0.00 — — — 0 7
38400 0 3 0.00 0 4 —2.34 0 5 0.00 — —
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ouv < .14 < ol L.V < —1.90 <

1200 0 217 0.21 0 255 0.00 2 15 1.73 2 19
2400 0 108 0.21 0 127 0.00 0 129 0.16 0 155
4800 0 54 -070 O 63 0.00 0 64 0.16 0 77
9600 0 26 114 0 31 0.00 0 32 -136 O 38
19200 0 13 -248 0 15 0.00 0 15 1.73 0 19
31250 _ = — 0 9 -1.70 O 9 0.00 0 11
38400 0 6 248 0 7 0.00 0 7 1.73 0 9

Table14.3 Examplesof BRR Settingsfor Various Bit Rates (Asynchronous M ode

ABCSBIt is1) (4)

6.144 MHz 7.3728 MHz 8 MHz 9.8304 MHz 1
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%) n N
110 2 217 0.08 3 64 0.70 3 70 0.03 3 86 0.31 3 8
150 2 159 0.00 2 191 0.00 2 207 0.16 2 255 0.00 3 6
200 2 119 0.00 2 143 0.00 2 155 0.16 2 191 0.00 2 1
250 2 95 000 2 114 0.17 2 124 0.00 2 1583 -026 2 1
300 2 79 000 2 95 0.00 2 103 0.16 2 127 0.00 2 1
600 2 39 000 2 47 0.00 2 51 0.16 2 63 0.00 2 6
1200 2 19 000 2 23 0.00 2 25 0.16 2 31 0.00 2 3
2400 0 159 0.00 O 191 0.00 0 207 0.16 0 255 0.00 2 1
4800 0 79 000 0 95 0.00 0 103 0.16 0 127 0.00 0 1
9600 0 39 000 0 47 0.00 0 51 0.16 0 63 0.00 0 6
19200 0 19 0.00 0 23 0.00 0 25 0.16 0 31 0.00 0 3
31250 0 11 240 0 14 -1.70 0 15 0.00 0O 19 170 0 1
38400 0 9 0.00 0 11 0.00 0 12 0.16 0 15 0.00 0 1
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Table14.5 Maximum Bit Rate for Each Frequency (Asynchronous M ode)

Maximum Bit Rate (bit/s) Setting
¢ (MHz) ABCS =0 ABCS =1 n N
0.0328* 1025 2050 0 0
0.0384* 1200 2400 0 0
2 62500 125000 0 0
2.097152 65536 131072 0 0
2.4576 76800 153600 0 0
3 93750 187500 0 0
3.6864 115200 230400 0 0
4 125000 250000 0 0
4.194304 131072 262144 0 0
4.9152 153600 307200 0 0
5 156250 312500 0 0
6 187500 375000 0 0
6.144 192000 384000 0 0
7.3728 230400 460800 0 0
8 250000 500000 0 0
9.8304 307200 614400 0 0
10 312500 625000 0 0

Note: * When CKS1 =0 and CKS0 =1 in SMR
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e - v JJg U
10k —_ - — —_ = — 0 49 0.
25k —_ - — —_ = — 0 19 0.
50k —_ = — —_ = — 0 9 0.
100k —_ - — —_ - — 0 4 0.
250k _ = — —_ - — 0 1 0.
500k —_ - — —_ - — o 0 o
M _ - — _ - — — - —
Note: * Continuous transmission/reception is not possible.
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10k 0 99 0.00 0 199 0.00 0 249 0.0
25k 0 39 0.00 0 79 0.00 0 99 0.0
50k 0 19 0.00 0 39 0.00 0 49 0.0
100k 0 9 0.00 0 19 0.00 0 24 00
250k 0 3 0.00 0 7 0.00 0 9 0.0
500k 0 1 0.00 0 3 0.00 0 4 0.0
M o* 0* 0.00* 0 1 0.00 _ = —
Note: * Continuous transmission/reception is not possible.
The value set in BRR is given by the following formula:
N=— & 4
4x22"x B

B: Bit rate (bit/s)

N: BRR setting for baud rate generator (0 < N < 255)

o: Operating frequency (Hz)

n: Baud rate generator input clock number (n =0, 2, or 3)

(The relation between n and the clock is shown in table 14.7.)
Table14.7 Relation between n and Clock
SMR Setting

n Clock CKs1 CKSO
0 ) 0 0
0 d,* 0 1
2 ¢/16 1 0
3 $/64 1 1

Note: * In subactive or subsleep mode, the SCI3 can be operated only when the CPU

clock is ¢,
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1 RNl W WA

This bit is always read as 0 and cannot be mc

SPC3

R/W

P32/TXD3/IrTXD Pin Function Switch

Selects whether pin P32/TXD3/IrTXD is used
as TXD3/IrTXD.

0: P32 1/O pin
1: TXD3/IrTXD output pin
Set the TE bit in SCR after setting this bit to 1

3,2

AllO

Reserved

These bits are always read as 0 and cannot k
modified.

SCINV1

R/W

TXD3/IrTXD Pin Output Data Inversion Switc

Selects whether output data of the TXD3/IrTX
inverted or not.

0: Output data of TXD3/IrTXD pin is not inver
1: Output data of TXD3/IrTXD pin is inverted.

SCINVO

R/W

RXD3/IrRXD Pin Input Data Inversion Switch

Selects whether input data of the RXD3/IrRX
inverted or not.

0: Input data of RXD3/IrRXD pin is not inverte
1: Input data of RXD3/IrRXD pin is inverted.

Note:

When the serial port control register is modified, the data being input or output u
point is inverted immediately after the modification, and an invalid data change is
output. When modifying the serial port control register, modification must be mad
in which data changes are invalidated.
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1: TXD3/IrTXD and RXD3/IrRXD pins function
and IrRXD

6 IrCKS2 0 R/W
5 IrCKS1 0 RW
4 IrCKSO 0 R/W

IrDA Clock Select

If the IrDA function is enabled, these bits set tt
pulse width when encoding the IrTXD output p

000: Bit rate x 3/16
001: ¢/2

010: ¢/4

011: ¢/8

100: ¢/16

101: Setting prohibited
11x: Setting prohibited

3to0 — AllO —

Reserved

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

[Legend] x: Don't care.
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LCTICULS UIC VdolL CIVLA UL LT DIL PTHOUU 1T
asynchronous mode.

This setting is enabled only in asynchronous
(COM bit in SMR3 is 0).

0: Operates on a basic clock with a frequency
times the transfer rate

1: Operates on a basic clock with a frequency
times the transfer rate

Clear the ABCS bit to 0, when the IrDA functi
enabled.

2to0 — AllO — Reserved

These bits are always read as 0 and cannot k
modified.

144  Operation in Asynchronous Mode

Figure 14.2 shows the general format for asynchronous serial communication. One frarr
of astart bit (low level), followed by data (in LSB-first order), a parity bit (high or low |
finally stop bits (high level). In asynchronous mode, synchronization is performed at the
edge of the start bit during reception. The data is sampled on the 8th pulse of a clock wi
frequency 16 times the bit period, so that the transfer datais latched at the center of eact
When the ABCS bit in SEMR is 1, the datais sampled on the 4th pulse of a clock with ¢
frequency eight times the bit period. Inside the SCI 3, the transmitter and receiver are inc
units, enabling full duplex. Both the transmitter and the receiver also have a double-buf
structure, so data can be read or written during transmission or reception, enabling conti
transfer. Table 14.8 shows the 16 data transfer formats that can be set in asynchronousr
format is selected by the settingsin SMR as shown in table 14.9.
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the SCK 3 pin can be selected as the SCI3's serial clock source, according to the setting o
COM bit in SMR and the CKEO and CKE1 bitsin SCR. When an external clock isinput
SCK3 pin, the clock frequency should be 16 times the bit rate used (when the ABCS bit i
is 1, the clock frequency should be eight times the bit rate used). For details on selection
clock source, see table 14.10. When the SCI3 is operated on an internal clock, the clock ¢
output from the SCK3 pin. The frequency of the clock output in this caseis equal to the k
and the phase is such that the rising edge of the clock is in the middle of the transfer data
shown in figure 14.3.

e LU LULLLL

Serial data |0|DO|D1|D2|D3|D4|D5|D6|D7|0/1|1 1

1 character (frame)

< -
v >

Figure 14.3 Relationship between Output Clock and Transfer Data Phase
(Asynchronous M ode) (Example with 8-Bit Data, Parity, Two Stop Bits)
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! R ! ! ! ! ! ! ! ! ! !
I I | | I I I
| | | | | | |
0 1 START 8-bit data P | sTOP
1 1 1 1 1 1 1
| | | | | | |
0 1 START 8-bit data P | STOP | ST
1 1 1 T T T T T T T
0 1 |START| 5-bit data | sTOP ‘ : : :
I
T T T T T T T T T T
0 1 |START| 5-bit data | STOP | STOP I : : :
| | | + + + + t t + . .
I I
1 0 |START| 7-bit data | STOPl | |
| | | | | | | | |
- - - I
1 0 START 7-bit data STOP | STOP | |
I I | | | | | I |
I I I | | | | | | | I |
1 0 |Setting prohibited | | | | | | | | |
| | | | | | | | | | | |
| | | | | | | | | | | |
1 0 ISetting prohibited | | | | | | | | |
I I I | | | | | | | I |
I ] ] T T T | T
1 1 |START 7-bit data p | stop :
T T T T T T T T T
1 1 |START| 7-bit data | P | STOP I STOP |
| | I |
1 1 |STARTI 5-bit data | P | STOP |‘ | | |
| | | | | | | | | | | |
. . . . | |
1 1 START 5-bit data P STOP | STOP | |
L L L |
[Legend]
START: Start bit
STOP: Stop bit
P: Parity bit
Rev. 3.00 May 15, 2007 Pag
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1 0 Yes

0 1 0 0 Setting prohibited
17
1 0 5-bit data No
17
1 0 0 Setting prohibited
1—
1 0 5-bit data Yes
1—
1 X 0 X X Clock 8-bit data No
synchronous
mode

[Legend] x: Don’t care.
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UUlputlo UIC oClidl LIVUL

1 v v VIVLUA SyTHicimtornious  1nicitidi
1 0 mode External Inputs the serial clock
0 1 1 Reserved (Do not specify these combinations)
1 0 1
1 1 1
Note: * When the ABCS bit in SEMR is 1, inputs a clock with a frequency eight times

rate.

RENESAS
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Clear TE and RE bits in SCR to 0

Set CKE1 and CKEO bits in SCR3

Set data transfer format in SMR

Set value in BRR

Wait

(1

(2]

(3]

1-bit interval elapsed?

Set SPC3 bit in SPCR to 1

Set TE and RE bits in
SCRto 1, and set RIE, TIE
and TEIE bits.

<Initialization completion>

No

(4]

(2]
(3]

[4]

MFlE, and bits e and RE, 10 0.

When the clock output is selected in
asynchronous mode, clock is output
immediately after CKE1 and CKEOQ
settings are made. When the clock
output is selected at reception in clock
synchronous mode, clock is output
immediately after CKE1, CKEO, and RE
are setto 1.

Set the data transfer format in SMR.

Write a value corresponding to the bit
rate to BRR. Not necessary if an
external clock is used.

Wait at least one bit interval, then set the
TE bit or RE bit in SCR to 1. Setting bits
TE and RE enables the TXD3 and RXD3
pins to be used. Also set the RIE, TIE,
and TEIE bits, depending on whether
interrupts are required. In asynchronous
mode, the bits are marked at
transmission and idled at reception to
wait for the start bit.

Figure14.4 Sample SCI3 Initialization Flowchart
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. The SCI3 checks the TDRE flag at the timing for sending the stop bit.
. If the TDRE flag is O, the datais transferred from TDR to TSR, the stop bit is sent, ¢
serial transmission of the next frameis started.

. If the TDRE flag is 1, the TEND flag in SSR is set to 1, the stop bit is sent, and then
state” is entered, in which 1 isoutput. If the TEIE bit in SCRis set to 1 at thistime,
interrupt request is generated.

. Figure 14.6 shows a sample flowchart for transmission in asynchronous mode.

Start Transmit Parity Stop Start Transmit Parity Stop N
bit data bit  bit bit data bit  bit s

Serial 1+ 1o foo|Dp1]  |p7floa]| 1] o |pofD1]| b7 [oq] 4
data ¥ it

| 1 frame | 1 frame |

| | |
TDRE I | I
TEND 1 f M f m |
LSl TXI3 interrupt  TDRE flag TXI3 interrupt request TEI3 interrupt reqt
operation request cleared to 0 generated generated
User generated Data written
processing to TDR

Figure14.5 Example SCI3 Operation in Transmission in AsynchronousM
(8-Bit Data, Parity, One Stop Bit)
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[2]

All data transmitted?

Read TEND flag in SSR

(3]

Break output?

Clear PDR to 0 and set PCR to 1

Clear SPC3 bit in SPCR and
TE bit in SCR to 0*

|
<End>

[3] To output a break in serial transmission,
after setting PCR to 1 and PDR to 0,
clear the SPC3 bit in SPCR and the TE
bit in SCR to 0.

Note: * When the SPC3 bit in SPCR is cleared tc
the pin functions as an I/O port.

Figure14.6 Sample Serial Transmission Flowchart (Asynchronous M ode)
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Stop bit check
The SCI3 checks that the stop bit is 1. If two stop bits are used, only thefirst is chec
Status check

The SCI3 checks that bit RDRF is set to 0, indicating that the receive data can be tra
from RSR to RDR.

. If an overrun error occurs (when reception of the next data is completed while the R
istill setto 1), the OER hit in SSRisset to 1. If the RIE bitin SCRis set to 1 at thi:
ERI3 interrupt request is generated. Receive datais not transferred to RDR.

. If aparity error is detected, the PER bit in SSRis set to 1 and receive datais transfer
RDR. If the RIE bit in SCRis set to 1 at thistime, an ERI3 interrupt request is gener
. If aframing error is detected (when the stop bit is 0), the FER bit in SSRissetto 1
dataistransferred to RDR. If the RIE bit in SCRis set to 1 at thistime, an ERI3 inte
request is generated.

. If reception is completed successfully, the RDRF bit in SSRis set to 1, and receive
transferred to RDR. If the RIE bit in SCR is set to 1 at thistime, an RXI3 interrupt r
generated. Continuous reception is possible because the RX13 interrupt routine read:
receive datatransferred to RDR before reception of the next receive data has been c
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Figure14.7 Example SCI3 Operation in Reception in Asynchronous M od

(8-Bit Data, Parity, One Stop Bit)

Table 14.11 shows the states of the SSR status flags and receive data handling when are
error is detected. If areceive error is detected, the RDRF flag retains its state before recei
data. Reception cannot be resumed while areceive error flag is set to 1. Accordingly, cle:
OER, FER, PER, and RDRF bits to 0 before resuming reception. Figure 14.8 shows a sar

flowchart for serial data reception.

Table14.11 SSR Status Flags and Receive Data Handling

SSR Status Flag

RDRF*  OER FER PER Receive Data Receive Error Type

1 1 0 0 Lost Overrun error

0 0 1 0 Transferred to RDR Framing error

0 0 0 1 Transferred to RDR Parity error

1 1 1 0 Lost Overrun error + frami

1 1 0 1 Lost Overrun error + parit)

0 0 1 1 Transferred to RDR Framing error + parit

1 1 1 1 Lost Overrun error + frami
+ parity error

Note: * The RDREF flag retains the state it had before data reception. However, note tf

is read after an overrun error has occurred in a frame because reading of the r
data in the previous frame was delayed, the RDRF flag will be cleared to 0.
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i L=l g P
Read RDRF flag in SSR | the error. After performing the

appropriate error processing, €
that the OER, PER, and FER fl
all cleared to 0. Reception can
resumed if any of these flags a
1. In the case of a framing errc
break can be detected by readi
value of the input port correspc
the RXD3 pin.

(3]

Clear RE bitin SCR to 0

<End>

Figure 14.8 Sample Serial Data Reception Flowchart (Asynchronous M ode
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Yes
Break?

Framing error processing

No

Parity error processing

-

Clear OER, PER, and
FER flags in SSR to 0

<End>

Figure14.8 Sample Serial Data Reception Flowchart (Asynchronous M ode)
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read or written during transmission or reception, enabling continuous data transfer.

8-bit

. i One unit of transfer data (character or frame) o,

SynchronizationIllllllllllllllllll
clock

' LSB MSB
Serial data i XBito X Bit1 X Bit2 X Bit 3 X Bit4 X Bit5 X Bit6 X Bit7 X 4
[ ' l

Don’t care Don’t care

Note: * High except in continuous transfer

Figure 14.9 Data Format in Clock Synchronous Communication

145.1 Clock

Either an internal clock generated by the on-chip baud rate generator or an external
synchronization clock input at the SCK3 pin can be selected, according to the setting of
bit in SMR and CKEQ and CKEL1 bitsin SCR. When the SCI3 is operated on an internal
serial clock is output from the SCK3 pin. Eight serial clock pulses are output in the tran;
character, and when no transfer is performed the clock is fixed high.

14.5.2 SCI3 Initialization

Before transmitting and receiving data, the SCI3 should be initialized as described in a
flowchart in figure 14.4.
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5.

7.

TTHIVUGL 110 VUGl qJC\lIIIw, v Oyllbl nuvinasou vviuan u ICIII'JUI. CIUUIN VVTIUHT UoL UL AT UALUL

has been specified. Serial dataistransmitted sequentially from the LSB (bit 0), from 1
pin.
The SCI3 checks the TDRE flag at the timing for sending the MSB (bit 7).
If the TDRE flag is cleared to 0, datais transferred from TDR to TSR, and serial trar
of the next frame is started.
If the TDRE flag isset to 1, the TEND flag in SSR is set to 1, and the TDRE flag me
the output state of the last bit. If the TEIE bit in SCRisset to 1 at thistime, aTEI3 il
request is generated.
The SCK3 pin isfixed high.

Figure 14.11 shows a sample flowchart for serial data transmission. Even if the TDRE fle
cleared to O, transmission will not start while areceive error flag (OER, FER, or PER) is
Make sure that the receive error flags are cleared to O before starting transmission.

Serial

S VAWV WAV WAWVAVAVANE
Seral Bito X Bit1 X X Bit7 )X Bito X Bit1 X ;X Bit6 X Bit7

1 frame 1 frame
TDRE I | |
Ten _ | i | .. [
LSl TXI3 TDRE flag TXI3 interrupt request TEI3 interrupt req|
operation interrupt cleared generated generated
request to0
generated .
User Data written
processing to TDR

Figure14.10 Example of SCI3 Operation in Transmission in Clock Synchronou:
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Write transmit data to TDR

[2] All data transmitted?

No

—

Read TEND flag in SSR

No

Yes

Clear TE bitin SCR to 0

<End>

vviicll vata o wiittcii (v 1Yy, icv 1uinie i

is automatically cleared to 0.

Figure14.11 Sample Serial Transmission Flowchart (Clock Synchronous M
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RDRF flag remainsto be set to 1.
If reception is completed successfully, the RDRF bit in SSR is set to 1, and receive dz

transferred to RDR. If the RIE bit in SCR is set to 1 at thistime, an RXI3 interrupt re

generated.

U\ N\ S\

3;?' X Bitz X Bito Xj? X Bit7z X Bito X Bit1 X ?:X Bit6 X Bit7
) )

1 frame 1 frame
RDRF | | | ”
((
1)
/| [
{ {(
/ | )Y )7
LSl RXI3 RDREF flag RXI3 interrupt ERI3 inter
operation interrupt cleared request generated generated
request to 0 overrun er
User generated RDR data has Overrun el
processing RDR data read not been read processing

(RDRF = 1)

Figure14.12 Example of SCI3 Reception Operation in Clock Synchronous M

Reception cannot be resumed while areceive error flag is set to 1. Accordingly, clear the
FER, PER, and RDRF bitsto 0 before resuming reception. Figure 14.13 shows a sample

for serial datareception.
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No

Yes

[4]

vicdliTu (v v
[4] If an overrun error occurs, read the
flag in SSR, and after performing th
appropriate error processing, clear
Yes flag to 0. Reception cannot be resu
the OER flag is set to 1.

Read receive data in RDR

Data reception continued?

[3]

Clear RE bitin SCR to 0

<End>

Start overrun error processing )

Overrun error processing |
Clear OER flag in SSR to 0 |
<End>

Figure 14.13 Sample Serial Reception Flowchart (Clock Synchronous Mo
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( Start transmission/reception )
I
Set SPC3 bit in SPCR to 1
| - | [1] Read SSR and check that the TDRE
> flag is set to 1, then write transmit data
: to TDR.
Read TDRE flag in SSR 1
| 91 | m When data is written to TDR, the
TDRE flag is automatically cleared to
No 0.
[2] Read SSR and check that the RDRF
flag is set to 1, then read the receive
Yes data in RDR.
X " When data is read from RDR, the
| Write transmit data to TDR | RDRF flag is automatically cleared to
IEEE—— 0.
[3] To continue serial transmission/
| Read OER flag in SSR [ reception, before the MSB (bit 7) of
the current frame is received, finish
reading the RDRF flag, reading RDR.
Also, before the MSB (bit 7) of the

[4] current frame is transmitted, read 1
( Overrun error processing) from the TDRE flag to confirm that
writing is possible. Then write data to
TDR.
Read RDRF flaginSSR | 2] When data is written to TDR, the

TDRE flag is automatically cleared to
0. When data is read from RDR, the
RDREF flag is automatically cleared to
0.
[4] If an overrun error occurs, read the
Yes OER flag in SSR, and after performing
- - the appropriate error processing, clear
Read receive data in RDR the OER flag to 0.
Transmission/reception cannot be
resumed if the OER flag is set to 1.
For overrun error processing, see
[3] figure 14.13.

No

| Clear TE and RE bits in SCR to 0 |

<End>

Figure14.14 Sample Flowchart of Simultaneous Serial Transmit and Receive Op
(Clock Synchronous M ode)
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of 9600 bps, which can be modified as required. The IrDA interface provided by this LS
incorporate the capability of automatic modification of the transfer rate; the transfer rate
modified through programming.

IrDA SCI3
- ) TXD
TXD3/IFTXD = Phase inversionf|— Pulse encoder |-
RXD3/IrRXD Phase inversion |—»| Pulse decoder RXD,,

Figure14.15 1rDA Block Diagram
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frequency of system clock ¢ is 10 MHz, being equal to or greater than 1.41 ps, the high-I
width at minimum can be specified as 1.6 ps.

For serial data of level 1, no pulses are output.

-—— UART frame Lol
Start e Data > Stop
bit bit

0 1 0 1 0 0 1 1 0 1

Transmission ‘ T Reception

-——————— IR frame B
Start [« Data | Stop
bit bit

| | 0 1 ” o 1 ” 0 o 1 1 ” 0 1
Bit . Pulse width is 1.6 us to
cycle 3/16 bit cycle

Figure14.16 IrDA Transmission and Reception
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Table 14.12 shows possible settings for bits IrCKS2 to IrCK SO (minimum pulse width),
L SI's operating frequencies and bit rates, for making the pulse width shorter than 3/16 ti
rate in transmission.

Table 14.12 IrCKS2to IrCK S0 Bit Settings

Operating Bit Rate (bps) (Upper Row) / Bit Interval x 3/16 (us) (Lower F
Frequency 2400 9600 19200 38400
¢ (MHz) 78.13 19.53 9.77 4.88

2 010 010 010 010
2.097152 010 010 010 010
2.4576 010 010 010 010

3 011 011 011 011
3.6864 011 011 011 011
4.9152 011 011 011 011

5 011 011 011 011

6 100 100 100 100
6.144 100 100 100 100
7.3728 100 100 100 100

8 100 100 100 100
9.8304 100 100 100 100
10 100 100 100 100
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Transmission End TEI Setting TEND in SSR
Receive Error ERI Setting OER, FER, and PER in SSR

Each interrupt request can be enabled or disabled by means of bits TIE and RIE in SCR.

When the TDRE bit in SSRis set to 1, a TXI3 interrupt is requested. When the TEND bi
issetto 1, aTEI3 interrupt is requested. These two interrupts are generated during transn

Theinitia value of the TDRE flag in SSRis 1. Thus, when the TIE bitin SCRissetto 1
transferring the transmit datato TDR, a TXI3 interrupt request is generated even if the tr:
datais not ready. Theinitial value of the TEND flag in SSRis 1. Thus, when the TEIE bi
is set to 1 before transferring the transmit datato TDR, a TEI3 interrupt request is genera
if the transmit data has not been sent. It is possible to make use of the most of these inter:
requests efficiently by transferring the transmit datato TDR in the interrupt routine. To p
the generation of these interrupt requests (TX13 and TEI3), clear the enable bits (TIE and
that correspond to these interrupt requests to O, after transferring the transmit datato TDF

When the RDRF bit in SSRis set to 1, an RXI3 interrupt is requested, and if any of bits (
PER, and FER is set to 1, an ERI3 interrupt is requested. These two interrupt requests are
generated during reception.

The SCI3 can carry out continuous reception using an RX13 and continuous transmission
TXI3.
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TIE

completion of the previous transmission)
and the transmit data placed in TDR is
transferred to TSR, bit TDRE is set to 1.
If bit TIE is set to 1 at this time, a TXI3 is
enabled and an interrupt is requested.
(See figure 14.17 (b).)

transmit data to TDR and clear
to 0. Continuous transmission ¢
performed by repeating the abc
operations until the data transfe
TSR has been transmitted.

TEI31

TEND
TEIE

When the last bit of the character in TSR

is transmitted, if bit TDRE is set to 1, bit
TEND is setto 1. If bit TEIE is setto 1 at
this time, a TEI3 is enabled and an

interrupt is requested. (See figure 14.17

(©).)

A TEI3 indicates that the next t
data has not been written to TC
the last bit of the transmit chare
TSR is transmitted.

RENESAS
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TDR (next transmit data) TDR

TSR (transmission in progress) TSR (transmission completed, tr

TXD3 pin o<—| TXD3 pin O~—f i

TDRE =0 TDRE <1
(TXI3 request when TIE = 1)

Figure14.17 (b) TDRE Setting and TXI Interrupt

TDR TDR

TSR (transmission in progress) TSR (transmission complete

TXD3 pin O<—| | TXD3 pin O<—| |

TEND =0 TEND <1
(TEI3 request when TEIE = 1,

Figure14.17 (c) TEND Setting and TEI Interrupt
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When the SPC3 bit in SPCR is 0, the TXD3 pin functions as an I/O port whose directiot
output) and level are determined by PCR and PDR, regardless of the TE setting. This cz
to set the TXD3 pin to the mark state (high level) or send a break during data transmissi
maintain the communication line at the mark state until the SPC3 bit in SPCRis set to 1
PCR and PDR to 1. Asthe SPC3 hit in SPCR is cleared to O at this point, the TXD3 pin
asan /0O port, and 1 is output from the TXD3 pin. To send a break during data transmis
set PCR to 1 and PDR to 0, and then clear the SPC3 and TE bitsto 0. When the TE bit i
to O directly after the SPC3 bit is cleared to 0, the transmitter is initialized regardless of

transmission state after the TE bit is cleared, the TXD3 pin functions as an /O port aftel
bit is cleared, and 0 is output from the TXD3 pin.

14.8.3 Receive Error Flagsand Transmit Operations (Clock Synchronous M

Transmission cannot be started when areceive error flag (OER, PER, or FER) isset to ]
the TDRE flag is cleared to 0. Be sure to clear the receive error flags to 0 before starting
transmission. Note also that receive error flags cannot be cleared to 0 even if the RE bit
to 0.
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L i N J ... Formula (1)

Where N: Ratio of bit rateto clock (N = 16)
D: Clock duty (D =0.5t0 1.0)
L: Framelength (L =9to 12)
F: Absolute value of clock rate deviation

Assuming values of F (absolute value of clock rate deviation) = 0 and D (clock duty) = 0
formula (1), the reception margin can be given by the formula.

M = {0.5 — 1/(2 x 16)} x 100 [%] = 46.875%

However, thisis only the computed value, and a margin of 20% to 30% should be allowe
system design.

16 clocks |

8 clocks
0 7 15| 0 7 150
Internal basic ”I””l”I””l“”I””l”I”””l”I”””l”“l”””””””l
clock m
Receive data —:LIEE
(RXD3)

Start bit [ DO [D1

Synchronization | H " "
sampling timing _! L L

Data sampling A i
timing n n

Figure14.18 Receive Data Sampling Timing in Asynchronous M ode
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CKEland CAEU IN SUR 10 1L ana v, respectivery.

In this case, bit COM in SMR should be left 1. The above prevents the SCK3 pin from t
as ageneral input/output pin. To avoid an intermediate level of voltage from being appl
SCK3 pin, the line connected to the SCK3 pin should be pulled up to the V. level viaa
supplied with output from an external device.

(2) When SCK3 Pin Function is Switched from Clock Output to General I nput/C
When stopping data transfer,

1. Issueoneinstruction to clear bits TE and RE to 0 and to set bits CKE1 and CKEQ in
and O, respectively.

2. Clear hit COM in SMRto 0

3. Clear hits CKE1 and CKEOQ in SCR to 0. Note that special careis also needed here t
intermediate level of voltage from being applied to the SCK3 pin.

14.8.6 Relation between Writing to TDR and Bit TDRE

Bit TDRE in the seria status register (SSR) is a status flag that indicates that data for se
transmission has not been prepared in TDR. When datais written to TDR, bit TDRE is«
0 automatically. When the SCI3 transfers data from TDR to TSR, bit TDRE is set to 1.

Data can be written to TDR irrespective of the state of bit TDRE, but if new datais writ
TDR while bit TDRE is cleared to 0, the data previously stored in TDR will be lost if it
been transferred to TSR. Accordingly, to ensure that serial transmission is performed de
you should first check that bit TDRE is set to 1, then write the transmit datato TDR onl
two or more times).
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| Frame 1 | Frame 2 | Frame 3

Communication line Data 1 | Data 2 | Data 3

RDRF | | I

RDR X Data 1 X Data 2
T <A)T LB)

RDR read RDR read

Data 1 is read at point (A)
Data 2 is read at point (B)

Figure14.19 Relation between RDR Read Timing and Data

In this case, only asingle RDR read operation (not two or more) should be performed aft
checking that bit RDRF is set to 1. If two or more reads are performed, the data read the |
should be transferred to RAM, etc., and the RAM contents used. Also, ensure that there i
sufficient margin in an RDR read operation before reception of the next frame is compl et
precise in terms of timing, the RDR read should be completed before bit 7 istransferred i
synchronous mode, or before the STOP hit istransferred in asynchronous mode.
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14.8.10 Oscillator when Serial Communication Interface 3isUsed

When serial communication interface 3 is used, the system clock oscillator or subclock
must be used. Do not use the on-chip oscillator. For details on selecting the system cloc
or on-chip oscillator, see section 4.2.4, On-Chip Oscillator Selection Method. For detail
selecting the subclock oscillator or on-chip oscillator, see section 4.1.1, Oscillator Contt
Register (OSCCR).
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e Can be operated as a master or aslave device

e Choice of eight internal clocks (¢/256, /128, ¢/64, $/32, $/16, ¢/8, $/4, and ¢ ./2) i
external clock as aclock source

o Clock polarity and phase of SSCK can be selected

e Choice of datatransfer direction (MSB-first or L SB-first)
o Receive error detection: overrun error

e Multimaster error detection: conflict error

e Fiveinterrupt sources: transmit-end, transmit-data-empty, receive-data-full, overrun
conflict error

e Continuous transmission and reception of serial data are enabled since both transmit
receiver have buffer structure

o Use of module standby mode enables this module to be placed in standby mode inde
when not used. (The SSU is halted asthe initial value. For details, refer to section 5.
Standby Function.)
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ss| | Selector | SSTRSR |<—|
—>
Interrupt request
L d (TXI, TEI, RXI, OEl, CEIl)
egen

SSMR:  SS mode register
SSCRL: SS control register L
SSCRH:  SS control register H
SSER: SS enable register
SSSR: SS status register
SSTDR: SS transmit data register
SSTRSR: SS shift register
SSRDR: SS receive data register

Figure15.1 Block Diagram of SSU

15.2  Input/Output Pins
Table 15.1 shows the pin configuration of the SSU.

Table15.1 Pin Configuration

Pin Name Abbreviation /O Function

SSU clock SSCK /10 SSU clock input/output

SSU data input/output SSI I/0 SSU data input/output

SSU data input/output SSO 1/0 SSU data input/output

SSU chip select input/output ~ SCS I/0 SSU chip select input/output
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e  SSshift register (SSTRSR)

153.1 SSControl Register H (SSCRH)

SSCRH is aregister that selects a master or aslave device, enables bidirectional mode, -
open-drain output of the seria data output pin, selects an output value of the serial data
selects the SSCK pin, and selects the SCS pin.

Initial
Bit Bit Name Value R/W Description
7 MSS 0 R/W Master/Slave Device Select

Selects whether this module is used as a mast
or a slave device. When this module is used a:
device, transfer clock is output from the SSCK
the CE bit in SSSR is set, this bit is automatice
cleared.

0: Operates as a slave device
1: Operates as a master device
6 BIDE 0 R/W Bidirectional Mode Enable

Selects whether the serial data input pin and tt
pin are both used or only one pin is used. For «
refer to section 15.4.3, Relationship between L
Input/Output and Shift Register. When the SSL
SSCRL is 0, this setting is invalid.

0: Normal mode. Communication is performed
two pins.

1: Bidirectional mode. Communication is perfo
using only one pin.
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Although the value in the last bit of transmit dat:
retained in the serial data output after the end o
transmission, the output level of serial data can
changed by manipulating this bit before or after
transmission. When the output level is changed
SOLP bit should be cleared to 0 and the MOV ir
should be used. If this bit is written during data
erroneous operation may occur. Therefore this
not be manipulated during transmission.

0: Shows serial data output level to low in readi
Changes serial data output level to low in wrif

1: Shows serial data output level to high in read
Changes serial data output level to high in wr

3 SOLP 1 R/W

SOL Write Protect

When output level of serial data is changed, the
instruction is used to set the SOL bit to 1 and cls
bit to 0 or to clear the SOL bit and this bit to 0.

0: In writing, output level can be changed accor
the value of the SOL bit.

1: In reading, this bit is always read as 1. In writ
output level cannot be changed. (See section
Usage Note.)
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setting of this bit.
00: Functions as a port
01: Functions as an SCS input

1x: Functions as an SCS output (however, fun
an SCS input before starting transfer)

[Legend] x: Don't care.

1532

SS Control Register L (SSCRL)

SSCRL is aregister that controls mode, software reset, and open-drain output of the SS
SCSpins.

Bit

Initial
Bit Name Value R/W Description

7

— 0 — Reserved

This bit is always read as 0.
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vwhnen Vioo = 1 and blveE =0 In ooUNH:
Data input: SSI pin, Data output: SSO pin
When MSS = 0 and BIDE = 0 in SSCRH:
Data input: SSO pin, Data output: SSI pin
When BIDE = 1 in SSCRH:

Data input and output: SSO pin

5 SRES 0 R/W Software Reset

When this bit is set to 1, the SSU internal seque
forcibly reset. Then this bit is automatically cleal
register value in the SSU is retained.

4 SCKOS 0 R/W SSCK Pin Open-Drain Output Select

Selects whether the SSCK pin functions as CM(
or NMOS open-drain output.

0: CMOS output
1: NMOS open-drain output

3 CSOS 0 R/W SCS Pin Open-Drain Output Select

Selects whether the SCS pin functions as CMO:
or NMOS open-drain output.

0: CMOS output
1: NMOS open-drain output

2to0 — AllO — Reserved
These bits are always read as 0.
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1: MSB-first

CPOS

R/W

Clock Polarity Select

Selects the clock polarity of SSCK.
0: Idle state = high

1: Idle state = low

CPHS

R/W

Clock Phase Select

Selects the clock phase of SSCK.
0: Data change at first edge

1: Data latch at first edge

4,3

AllO

Reserved
These bits are always read as 0.

CKS2
CKS1
CKS0

R/W
R/W
R/W

Transfer clock rate select

Sets transfer clock rate (prescaler division ratic
the internal clock is selected.

The system clock (¢) is halted in subactive mo
subsleep mode. Select ¢ /2 in these modes.

000: ¢/256
001: ¢/128
010: ¢/64
011: ¢/32
100: ¢/16
101: ¢/8
110: ¢/4
1112 ¢,/2
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5 RSSTP R/W Receive single stop
When this bit is 1, receive operation is complete
receiving one byte.

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

3 TEIE R/W Transmit End Interrupt Enable
When this bit is set to 1, a TEl interrupt request
enabled.

2 TIE R/W Transmit Interrupt Enable
When this bit is set to 1, a TXI interrupt request
enabled.

1 RIE R/W Receive Interrupt Enable
When this bit is set to 1, an RXI and an OEl inte
requests are enabled.

0 CEIE R/W Conflict Error Interrupt Enable

When this bit is set to 1, a CEl interrupt request
enabled.
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SSRDR retains received data before the overr
occurs and the received data after the overrun
occurs is lost. When this bit is set to 1, subseq
reception cannot be continued. When the MSS
SSCRH is 1, this is also applied to serial transi

[Setting condition]

o When the next serial reception is complete
RDRF = 1

[Clearing condition]

e When 0 is written to this bit after reading 1

5,4 — AllO — Reserved
These bits are always read as 0.
3 TEND 0 R/(W)*  Transmit End

[Setting condition]

o When the last bit of data is transmitted, the
is 1

[Clearing conditions]

e When 0 is written to this bit after reading 1

e When data is written in SSTDR

Rev. 3.00 May 15, 2007 Pag
RENESAS REJOC



1 RDRF 0 R/(W)* Receive Data Register Full
[Setting condition]

e When serial reception is completed normally
receive data is transferred from SSTRSR to

[Clearing conditions]
e When 0 is written to this bit after reading 1
o When data is read from SSRDR
0 CE 0 R/(W)* Conflict Error Flag
[Setting conditions]

o When serial communication is started while
=1 and MSS =1, the SCS pin input is low

e When the SCS pin level changes from low tc
during transfer while SSUMS = 1 and MSS -

[Clearing condition]

o When 0 is written to this bit after reading 1

Note: * Only 0 can be written to clear the flag.
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to by the CPU at al times. When the SSU detects that SSTRSR is empty, it transfers the
datawritten in SSTDR to SSTRSR and starts serial transmission. If the next transmit da
already been written to SSTDR during serial transmission, continuous serial transmissic
possible. SSTDR isinitialized to H'00.

1538  SSShift Register (SSTRSR)

SSTRSR is a shift register that transmits and receives serial data. When transmit datais
from SSTDR to SSTRSR, bit 0in SSTDR istransferred to bit 0 in SSTRSR while the M
SSMR is 0 (LSB-first transfer) and bit 7 in SSTDR is transferred to bit 0 in SSTRSR wi
MLSbitin SSMR is 1 (MSB-first transfer). SSTRSR cannot be directly accessed by the

154  Operation

15.4.1 Transfer Clock

Transfer clock can be selected from eight internal clocks and an external clock. When tt
isused, the SSCK pin must be selected as a serial clock by setting the SCKS bit in SSCI
When the MSS bit in SSCRH is 1, an internal clock is selected and the SSCK pinisin tl
state. If transfer is started, the SSCK pin outputs clocks of the transfer rate set in the CK
CKS0 bitsin SSMR. When the MSS bit is 0, an external clock is selected and the SSCK
the input state.
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(hpwhnenovrroo =vU, LFuo =U, and oouUlvlo = U.

SSCK L L I

Y v 4 Y v v 4 4
SSO0, s8I X Bito X_Bit1 X Btz X Bita X Bitd X_ Bits X Bit6 X Bit.

(2) When CPHS =0 and SSUMS = 1:
SSCK

oPOS - 0) 1 N A e e O e N e
oPOS = 1) L r 1 rirririrrlrrp
8so,sst —<_ X l;ito X Esin X ;itz X Yans X 'Bit4 X vBits X vBits X !sit:
ses

(3) When CPHS = 1 and SSUMS = 1:

oroS - 0) [ e 1 e s N e Y e O e N
oPOS = 1) | S Yy S s Yy Oy Yy

v y y v y y y y
880,881 ——_Bito X__Bit1 X_ Btz X_ Bita X_ Bitd X_ Bits X_ Bite X_Bit7 X
SCS ]

Figure15.2 Relationship between Clock Polarity and Phase, and Data
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1
i
< (g)ssu
i
i

A

(8) When SSUMS = 1, BIDE = 0, and MSS = 0:

Shift register
(SSTRSR)

SSO

SSI

(4) When SSUMS = 1 and BIDE = 1:

Shift register
(SSTRSR)

gL

A

Figure15.3 Relationship between Data I nput/Output Pin and Shift Regist
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Clocked 0 X 0 0 In —
Synchroqoug 0 — Out
Communication
Mode 1 In Out
1 0 1 In —
1 0 — Out
1 In Out
Four-Line Bus 1 0 0 0 1 — In
Communication
t -
Mode 0 ou
1 Out In
1 0 1 In —
1 0 — Out
1 In Out
Four-Line Bus 1 1 0 0 1 — In
(B|d|rect|9na[) 1 0 — Out
Communication
Mode 1 0 ! _ In
1 0 — Out

[Legend] x: Don't care.

—: Can be used as a general 1/0 port.
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| Clear TE and RE bits in SSER to 0 |

| Clear SSUMS bit in SSCRL to 0 |

Clear CPOS and CPHS bits to 0 and set
MLS and CKS2 to CKSO0 bits in SSMR

Set SCKS bitin SSCRH to 1
and set MSS and SOOS bits

Clear ORER bit in SSSR to 0

Set the TE and RE bits in SSER to 1
and set RIE, TIE, TEIE, and RSSTP
bits according to transmission/
reception/transmission and reception

End

Figure15.4 Initialization in Clocked Synchronous Communication Mod
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SSTRSR and seria transmission of the next frame is started. If the eighth bit is transmitte
the TDRE flag is 1, the TEND bit in SSSR is set to 1 and the state is retained. If the TEIE
SSERisset to 1 at thistime, a TEI is generated. After transmission is ended, the SSCK p
fixed high.

While the ORER bit in SSSR is set to 1, transmission cannot be performed. Therefore col
the ORER hit is cleared to 0 before transmission.

Figure 15.6 shows a sample flowchart for serial data transmission.

()() (()
SSO Bit 0 X Bit 1 X({ X Bit 7 Bit 0 X Bit 1 X:( X B
) )

- One frame >

One frame

=] )
TDRE («

T A A N A
( ( [
TEND )i )

LSI Operation TXI generated TXI generated TEI ger

User Write data Write data
processing in SSTDR in SSTDR

Figure15.5 Example of Operation in Data Transmission
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(2]

Data transmission [2] Determine whether data transmission
continued?

is continued.

No

B |

Read TEND bit in SSSR | [3] Read 1 from the TEND bit in SSSR

to confirm that data transmission is
completed. After the TEND bit is set to 1

No clear the TEND bit and TE bit in SSER
to 0 and transmit mode is ended.

Yes

Clear TEND bit and
TE bitin SSER to 0

End

Figure15.6 Sample Serial Transmission Flowchart
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When the SSU is set as a master device and reception is ended, received datais read aftel
the RSSTP bit in SSER to 1. Then the SSU outputs eight bits of clocks and operation is s
After that, the RE and RSSTP hits are cleared to 0 and the last received datais read. Note
SSRDR isread while the RE bit is set to 1, received clock is output again.

When the eighth clock riseswhile the RDRF bit is 1, the ORER bit in SSSR is set. Then
overrun error (OEI) is generated and operation is stopped. When the ORER bit in SSSR i
reception cannot be performed. Therefore confirm that the ORER bit is cleared to O befot

reception.

Figure 15.8 shows a sample flowchart for seria data reception.

SSCK

S\

WAAWAWE

SSO

((
)

oo X X o7
R

()() ))
Bit 0 X( X Bit7 (X Bito X(
N

RDRF

<+——One frame——»~|

(
)

RSSTP

(

|<«——One frame——— |

(((

A

7

(

LSl operation

)

User Dummy read
processing on SSRDR

RXI generated

Read data in SSRDR

)

A

RXI generated R’
Set RSSTP to 1Read data
in SSRDR

Figure 15.7 Example of Operation in Data Reception (M SS = 1)
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| Read RDRF |

[4]

No

Read receive data
in SSRDR
]

[
Set RSSTP to 1 |

5|

| Read ORER |

|36 VVhen a recelve error occurs, clear t
ORER flag to 0 after the ORER flag
SSSR is read and an appropriate er
processing is performed. When the
flag is set to 1, transmission/recepti
cannot be started again.

[4] Confirm that the RDRF bit is 1. If the R
bit is 1, receive data in SSRDR is read
SSRDR bit is read, the RDRF bit is aut
cleared.

[5] Before the last one byte of data is rece
set the RSSTP bit to 1 and reception is
after the data is received.

[7] Confirm that the RDRF bit is 1. To end
reception, clear the RE and RSSTP bif
0 and then read the last receive data. |

| RE =0, RSSTP =0 |

Read receive data
in SSRDR

Overrun error
processing

SSRDR bit is read before clearing the
reception is started again.

End

Figure15.8 Sample Serial Reception Flowchart (MSS = 1)

RENESAS
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| Initialization |

[1] | Read TDRE in SSSR [1] After reading SSSR and confirming that
the TDRE bit is 1, write transmit data in
SSTDR. Then the TDRE bit is automatically

cleared to 0.
Write transmit data
in SSTDR
»|
|
[2] | Read RDRF in SSSR | [2] Confirm that the RDRF bit is 1. If the RDRF

bit is 1, receive data in SSRDR is read. If the

SSRDR bit is read, the RDRF bit is automati

Read receive data

in SSRDR
(3] Data transmission [3] Determine whether data transmission is con

continued?

No
Clear TEND to 0 and

[4] clear TE and RE in [4] To end transmit and receive mode, clear the

SSERto 0 TEND bit to 0 and clear the TE and RE bits i

SSER to 0.
End

Figure15.9 Sample Flowchart for Serial Transmit and Receive Operation:
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When the SSU is set as a master device, the chip select line controls output. When the S
as aslave device, the chip select line controls input. When the SSU is set as a master de
chip select line controls output of the SCS pin or controls output of a general port by set
CSS1 bit in SSCRH to 1. When the SSU is set as a dave device, the chip select line sets
pin as an input pin by setting the CSS1 and CSSO bits in SSCRH to 01.

In four-line bus communication mode, the ML S bit in SSMR is set to 1 and transfer isp
in MSB-first order.
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(1]

[2]

Clear TE and RE in SSER to 0

Set SSUMS in SSCRL to 1

Set MLS in SSMR to 1 and
set CPOS, CPHS, and
CKS2 to CKS0

Set SCKS in SSCRH to 1 and
set BIDE, MSS, SOOS, CSS1,
and CSS0

Clear ORER in SSSR to 0

Set TE and RE in SSER to 1 and
set RIE, TIE, TEIE, and RSSTP
according to transmission/reception/
transmission and reception

End

[1] The MLS bit is set to 1 for MSB-first transfer.
The clock polarity and phase are set in the
CPOS and CPHS bits.

[2] In bidirectional mode, the BIDE bit is set
to 1 and input/output of the SCS pin is set
by the CSS1 and CSSO bits.

Figure15.10 Initialization in Four-Line Bus Communication M ode
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TDRE flag to 1 and starts transmission. If the TIE bit in SSER isset to 1 at thistime, a”
generated.

When the TDRE flag is 0 and one frame of data has transferred, datais transferred from
SSTRSR and serial transmission of the next frameis started. If the eighth bit is transmit
the TDRE flag is 1, the TEND bit in SSSR is set to 1 and the state is retained. If the TEI
SSER issetto 1 at thistime, a TEI is generated. After transmission is ended, the SSCK

fixed high and the SCS pin goes high. When continuous transmission is performed with
pin low, the next data should be written to SSTDR before transmitting the eighth bit of |

While the ORER bit in SSSR is set to 1, transmission cannot be performed. Therefore ¢
the ORER hit is cleared to O before transmission.

The difference between this mode and clocked synchronous communication mode is as
when the SSU is set as a master device, the SSO pin isin the Hi-Z state if the SCS pini:
Z state and when the SSU is set as a Slave device, the SSI pinisin the Hi-Z stateif the S
in the high-input state. The sample flowchart for serial data transmission is the same as
clocked synchronous communication mode.
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TEND

LSl operation | T

AN
))

XI generated X

AN
))

| generated TEI gen

User Write data Write data
processing  in SSTDR in SSTDR
(2) When CPOS = 0 and CPHS = 1:
SCS
(output)
SSO — Bit7 X Bit 6 Xj X Bit 0 Bit7 X Bit 6 X X Bit 0
One franm One l‘ramm
)
TDRE I
A A A » A

( ( r
TEND T ) T
LS| operation TXI generated TXI generated TEI gen
User Write data Write data
processing  in SSTDR in SSTDR

Figure15.11 Example of Operation in Data Transmission (M SS = 1)
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SSRDR. If the RIE bit in SSER is set to 1 at thistime, an RX| is generated. If SSRDR i
RDREF bit is automatically cleared to O.

When the SSU is set as a master device and reception is ended, received datais read afte
the RSSTP bit in SSER to 1. Then the SSU outputs eight bits of clocks and operation is
After that, the RE and RSSTP bits are cleared to 0 and the last received datais read. No
SSRDR isread while the RE hit is set to 1, received clock is output again.

When the eighth clock riseswhile the RDRF hit is 1, the ORER bit in SSSR is set. Ther
overrun error (OEI) is generated and operation is stopped. When the ORER hit in SSSR
reception cannot be performed. Therefore confirm that the ORER bit is cleared to O bef
reception.

The set timings of the RDRF and ORER flags differ according to the CPHS setting. The
are shown in figure 15.12. When the CPHS bit is set to 1, the flag is set during the fram:
Therefore care should be taken at the end of reception.

The sample flowchart for serial data reception is the same asthat in clocked synchrono
communication mode.
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|
LSI operation \ RXI generated

User Dummy read on SSRDR
processing

(2) When CPOS =0 and CPHS = 1:
SCS

|
RXI generated ‘

RXI

Read data in SSRDR Set RSSTP to 1Read data in S!

(output)

s TS

(SN

((
1)
ssl — Bit7 X X Bit 0
((
)

(( ((
) N

57 X X oo o7 X X w0
) )

<+—One frame———»

~<——— One frame ——»

(

RDRF « « Y
7 )
\ A A A ((/ A A
RSSTP 4 4 A
LSI operation RXI generated RXI generated RXlI g
User Dummy read on SSRDR Read data in SSRDR Set RSSTP to 1Read data in S!
processing

Figure15.12 Example of Operation in Data Reception (MSS = 1)
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SCS input

Internal SCS
(synchronized)

re

MSS

Transfer start

CE
(Hi-2)
SCS output
[ oo --_._
.<—>: Maximum time of SCS internal synchronizz
~ Arbitration detection

period

Figure15.13 Arbitration Check Timing
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Receive data full RXI (RIE = 1), (RDRF = 1)
Overrun error OEl (RIE=1), (ORER =1)
Conflict error CEl (CEIE=1),(CE=1)

When an interrupt condition shown in table 15.3 is 1 and the | bit in CCR is 0, the CPU €
the interrupt exception handling. Each interrupt source must be cleared during the except
handling. Note that the TDRE and TEND bits are automatically cleared by writing transr
SSTDR and the RDRF bit is automatically cleared by reading SSRDR. When transmit de
written in SSTDR, the TDRE hit is set again at the same time. Then if the TDRE bit is cl
additional one byte of data may be transmitted.

155 Usage Note

When writing 1 to the SOLP bit in SSCRH (to enable write protect) after writing O to it (i
write protect), the SOL bit may be changed without being protected.

To avoid this, before writing 1 to the SOLP bit (to enable write protect), write the current
the SOL bit to itself. With this procedure, the write protect can be performed on the SOL
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¢ Continuous transmission/reception

Since the shift register, transmit data register, and receive data register are independs
each other, the continuous transmission/reception can be performed.

e Use of module standby mode enables this module to be placed in standby mode inde
when not used. (The l1C2 is halted astheinitial value. For details, refer to section 5.
Standby Function.)

I°C bus format

e Start and stop conditions generated automatically in master mode
e Selection of acknowledge output levels when receiving

e Automatic loading of acknowledge bit when transmitting

e Bit synchronization/wait function

In master mode, the state of SCL is monitored per bit, and the timing is synchronize
automatically.

If transmission/reception is not yet possible, set the SCL to low until preparations ar
completed.

e Six interrupt sources

Transmit data empty (including slave-address match), transmit end, receive data full
slave-address match), arbitration lost, NACK detection, and stop condition detectior

e Direct busdrive

Two pins, SCL and SDA pins, function as CMOS outputs in normal operation (whet
port/serial function is selected) and NMOS outputs when the bus drive function is se

Clock synchronous format

e Four interrupt sources
Transmit-data-empty, transmit-end, receive-data-full, and overrun error

Rev. 3.00 May 15, 2007 Pag
RENESAS REJOC



SDA

A
Output ICDRS - SAR
control
Noise canceler Address
comparator
ICDRR
—| Bus state
decision circuit
™| Arbitration
decision circuit ICSR
ICIER
[Legend]
ICCR1 : I’C bus control register 1 L)
ICCR2 : I2C bus control register 2 g'g;e;;gr
ICMR : I°C bus mode register

ICSR: I°C bus status register
ICIER : I°C bus interrupt enable register
ICDRT : I’C bus transmit data register
ICDRR : I°C bus receive data register

ICDRS : I’C bus shift register

SAR: Slave address register

Internal da

Figure16.1 Block Diagram of 1°C Bus Interface 2
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v v
SDAin SDAin

SDA out — SDA out —

(Slave 1) (Slave 2)

Figure 16.2 External Circuit Connections of I/0O Pins

16.2  Input/Output Pins

Table 16.1 shows the pin configuration of the I°C bus interface 2.

Table16.1 Pin Configuration

Name Abbreviation I/O Function
Serial clock pin SCL I/0 IIC serial clock input/output
Serial data pin SDA I/0 IIC serial data input/output
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e |I°C bustransmit data register (ICDRT)
e I°C busreceive dataregister (ICDRR)
e I°C bus shift register (ICDRS)

16.3.1 I’C Bus Control Register 1 (ICCR1)

ICCR1 enables or disables the I°C businterface 2, controls transmission or reception, anc
master or slave mode, transmission or reception, and transfer clock frequency in master r

Initial
Bit Bit Name Value R/W Description
7 ICE 0 R/W  I°C Bus Interface Enable

0: This module is halted. (SCL and SDA pins &
the port/serial function.)

1: This bit is enabled for transfer operations. (S
SDA pins are bus drive state.)

6 RCVD 0 R/W Reception Disable

This bit enables or disables the next operation
TRS is 0 and ICDRR is read.

0: Enables next reception

1: Disables next reception
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ayglice Willl e siave aUllicoss lal 15 SsEL 10 OA
eighth bit is 1, TRS is automatically set to 1.
overrun error occurs in master mode with the
synchronous serial format, MST is cleared to
slave receive mode is entered.

Operating modes are described below accorc
MST and TRS combination. When clock sync
serial format is selected and MST is 1, clock i

00: Slave receive mode
01: Slave transmit mode
10: Master receive mode
11: Master transmit mode

o = N W

CKS3
CKS2
CKSH1
CKSo0

o O O o

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

Transfer Clock Select 3to 0

These bits are valid only in master mode and
set according to the necessary transfer rate (|
table 16.2). These bit are used to specify the
time in slave transmit mode. The data setup t
secured for 10tcyc when CKS3 = 0 and for 2(
CKS3 =1.
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1 ) 1/7.9 KAz 44.0 KAz GJ.0 |
1 $/128 15.6 kHz 39.1 kHz 78.1 |
1 0 0 0 $/56 35.7 kHz 89.3 kHz 179 k
1 $/80 25.0 kHz 62.5 kHz 125 k
1 0 /96 20.8 kHz 52.1 kHz 104 k
1 /128 15.6 kHz 39.1 kHz 78.1 |
1 0 0 /160 12.5 kHz 31.3 kHz 62.5 |
1 /200 10.0 kHz 25.0 kHz 50.0 |
1 0 0/224 8.9 kHz 22.3 kHz 446
1 /256 7.8 kHz 19.5 kHz 39.1 |
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format, this bit has no meaning. With the I°C L
this bit is set to 1 when the SDA level change
high to low under the condition of SCL = high
that the start condition has been issued. This
cleared to 0 when the SDA level changes fror
high under the condition of SCL = high, assur
the stop condition has been issued. Write 1 tc
and 0 to SCP to issue a start condition. Folloy
procedure when also re-transmitting a start c
Write 0 in BBSY and 0 in SCP to issue a stop
To issue start/stop conditions, use the MOV i

6 SCP R/W Start/Stop Issue Condition Disable
The SCP bit controls the issue of start/stop c«
master mode.
To issue a start condition, write 1 in BBSY an
SCP. A repeated start condition is issued in tl
way. To issue a stop condition, write 0 in BBS
SCP. This bit is always read as 1. If 1 is writte
data is not stored.

5 SDAO R/W SDA Output Value Control

This bit is used with SDAOP when modifying
level of SDA. This bit should not be manipula
transfer.

0: When reading, SDA pin outputs low.
When writing, SDA pin is changed to outpt
1: When reading, SDA pin outputs high.

When writing, SDA pin is changed to outpt
(outputs high by external pull-up resistanc
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< — 1 — neserved
This bit is always read as 1, and cannot be mo

1 IICRST 0 R/W 1IC Control Part Reset

This bit resets the control part except for I’C re
this bit is set to 1 when hang-up occurs becaus
communication failure during I°C operation, I°C
part can be reset without setting ports and initi
registers.

0 — 1 — Reserved
This bit is always read as 1, and cannot be mo
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WAIT

0

R/W

Wait Insertion Bit

In master mode with the I°C bus format, this t
whether to insert a wait after data transfer ex«
acknowledge bit. When WAIT is set to 1, afte
the clock for the final data bit, low period is e»
two transfer clocks. If WAIT is cleared to 0, d:
acknowledge bits are transferred consecutive
wait inserted.

The setting of this bit is invalid in slave mode
I?C bus format or with the clock synchronous
format.

54

All1

Reserved

These bits are always read as 1, and cannot |
modified.

3

BCWP

1

R/W

BC Write Protect

This bit controls the BC2 to BCO modification:
modifying BC2 to BCO, this bit should be clea
and use the MOV instruction. In clock synchr
serial mode, BC should not be modified.

0: When writing, values of BC2 to BCO are se
1: When reading, 1 is always read.
When writing, settings of BC2 to BCO are il
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the clock synchronous serial format, these bits
not be modified.

I?C Bus Format Clock Synchronous Serie
000: 9 bits 000: 8 bits
001: 2 bits 001: 1 bits
010: 3 bits 010: 2 bits
011: 4 bits 011: 3 bits
100: 5 bits 100: 4 bits
101: 6 bits 101: 5 bits
110: 7 bits 110: 6 bits
111: 8 bits 111: 7 bits
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" disabled.

1: Transmit data empty interrupt request (TXI
enabled.

6 TEIE 0 R/W Transmit End Interrupt Enable

This bit enables or disables the transmit end i
(TEI) at the rising of the ninth clock while the
in ICSR is 1. TEI can be canceled by clearing
bit or the TEIE bit to 0.

0: Transmit end interrupt request (TEI) is dise
1: Transmit end interrupt request (TEI) is ena

5 RIE 0 R/W Receive Interrupt Enable

This bit enables or disables the receive data 1
interrupt request (RXI) and the overrun error |
request (ERI) with the clock synchronous forr
a receive data is transferred from ICDRS to I(
the RDRF bit in ICSR is set to 1. RXI can be
by clearing the RDRF or RIE bit to 0.

0: Receive data full interrupt request (RXI) an
error interrupt request (ERI) with the clock
synchronous format are disabled.

1: Receive data full interrupt request (RXI) an
error interrupt request (ERI) with the clock
synchronous format are enabled.
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3 STIE 0 R/W

Stop Condition Detection Interrupt Enable

0: Stop condition detection interrupt request (S
disabled.

1: Stop condition detection interrupt request (S
enabled.

2 ACKE 0 R/W

Acknowledge Bit Judgment Select

0: The value of the receive acknowledge bit is
and continuous transfer is performed.

1: If the receive acknowledge bit is 1, continuo
transfer is halted.

1 ACKBR 0 R

Receive Acknowledge

In transmit mode, this bit stores the acknowled
that are returned by the receive device. This bi
be modified.

0: Receive acknowledge = 0
1: Receive acknowledge = 1

0 ACKBT 0 R/W

Transmit Acknowledge

In receive mode, this bit specifies the bit to be
the acknowledge timing.

0: 0 is sent at the acknowledge timing.
1: 1 is sent at the acknowledge timing.
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e When IRo Is set

e When a start condition (including re-transt
been issued

e When transmit mode is entered from rece
in slave mode

[Clearing conditions]
e When 0 is written in TDRE after reading T
e When data is written to ICDRT with an ins

6 TEND 0 R/(W)* Transmit End

[Setting conditions]

e When the ninth clock of SCL rises with the
format while the TDRE flag is 1

e When the final bit of transmit frame is sen
clock synchronous serial format

[Clearing conditions]

e When 0 is written in TEND after reading T

¢ When data is written to ICDRT with an ins

5 RDRF 0 R/(W)* Receive Data Register Full
[Setting condition]
e When a receive data is transferred from I
ICDRR
[Clearing conditions]
e When 0 is written in RDRF after reading F
e When ICDRR is read with an instruction
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3 STOP 0 R/(W)* Stop Condition Detection Flag
[Setting conditions]
¢ In master mode, when a stop condition is d
after the completion of frame transfer

¢ |n slave mode, when a stop condition is de
after the slave address of the first byte, foll
general call and the detection of the start ¢
matches the address set in SAR

[Clearing condition]

e When 0 is written in STOP after reading ST
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[Setting conditions]

¢ If the internal SDA and SDA pin disagree
of SCL in master transmit mode

¢ When the SDA pin outputs high in master
while a start condition is detected

e When the final bit is received with the cloc
synchronous format while RDRF = 1

[Clearing condition]

¢ When 0 is written in AL/OVE after reading
=1

AAS

R/(W)*

Slave Address Recognition Flag

In slave receive mode, this flag is set to 1 if tt
frame following a start condition matches bits
SVAO in SAR.

[Setting conditions]

e When the slave address is detected in sla
mode

o When the general call address is detectec
receive mode.

[Clearing condition]

¢ When 0 is written in AAS after reading AA
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16.3.6 Slave Address Register (SAR)

SAR selects the communication format and sets the slave address. When the chip isin gl
with the I°C bus format, if the upper 7 bits of SAR match the upper 7 bits of the first fran
received after a start condition, the chip operates as the slave device.

Initial
Bit Bit Name Value R/W Description
7t01 SVA6+to AllO R/W Slave Address 6 to 0
SVAO These bits set a unique address in bits SVAG6 t
differing form the addresses of other slave dev
connected to the I°C bus.
0 FS 0 R/W Format Select
0: I’C bus format is selected.
1: Clock synchronous serial format is selected.
16.3.7 I’C Bus Transmit Data Register (ICDRT)

ICDRT is an 8-hit readable/writable register that stores the transmit data. When ICDRT ¢
space in the shift register (ICDRS), it transfers the transmit data which iswritten in ICDF
ICDRS and starts transferring data. If the next transfer data is written to ICDRT during
transferring data of ICDRS, continuous transfer is possible. If the MLS bit of ICMR is
and when the datais written to ICDRT, the MSB/LSB inverted datais read. Theinitial v
ICDRT isH'FF. Theinitial value of ICDRT isH'FF.
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ICDRSto ICDRR after data of one byte isreceived. This register cannot be read directl
CPU.
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(a) 12C bus format (FS = 0)

[ si sia |rw|[ Aa] pata | a | [A&] P |

| 7 : 1 : 1 n : 1 . 1 1 n:'I;Lagsfet[)bgigcount
1 m m: Transfer frame count

(m=>1)
(b) 12C bus format (Repeated start condition, FS = 0)
[s] sta Jrw[ a] pata | [Aa] s sta [rw] A | pata |E
7 : 1 : 1 ni ='= 1 1 7 : 1 : 1 n2 I"I<—1

1 m1i 1 m2

n1 and n2: Transfer bit count (n1 and nZ
m1 and m2: Transfer frame count (m1 a

Figure16.3 1°C Bus Formats

\_/ _\_/'\_/'\_/_ '\_/'\_/'\_/_ AYAvavaE

SLA DATA A DATA A P

Figure16.4 1°C BusTiming
[Legend]

S Start condition. The master device drives SDA from high to low while SCL is hig

SLA: Slave address

R/W: Indicates the direction of data transfer: from the slave device to the master device
R/W is 1, or from the master device to the slave device when R/W is 0.

A: Acknowledge. The receive device drives SDA to low.

DATA: Transfer data

P Stop condition. The master device drives SDA from low to high while SCL is hic
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instruction. (Start condition issued) This generates the start condition.

. After confirming that TDRE in ICSR has been set, write the transmit data (the first
show the slave address and R/W) to ICDRT. At thistime, TDRE is automatically cle
and dataiis transferred from ICDRT to ICDRS. TDRE is set again.

. When transmission of one byte datais completed while TDRE is1, TEND in ICSR |
at the rise of the 9th transmit clock pulse. Read the ACKBR bit in ICIER, and confir
slave device has been selected. Then, write second byte datato ICDRT. When ACK
the slave device has not been acknowledged, so issue the stop condition. To issue th
condition, write 0 to BBSY and SCP using MOV instruction. SCL isfixed low until
transmit datais prepared or the stop condition is issued.

. Thetransmit data after the second byte is written to ICDRT every time TDRE is set.
. Write the number of bytes to be transmitted to ICDRT. Wait until TEND is set (the
byte data transmission) while TDRE is 1, or wait for NACK (NACKFinICSR =1)
receive device while ACKE in ICIER is 1. Then, issue the stop condition to clear TE
NACKF.

. When the STOP hit in ICSR is set to 1, the operation returns to the slave receive mo
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ICDRT Address + RW / /

\

\ —
ICDRS X Address + R/W / /
4 |
User o] Instruction of start [4] Write data to ICDRT (second byte)
processing condition issuance
[3] Write data to ICDRT (first byte) [5] Write data to ICDR

Figure16.5 Master Transmit Mode Operation Timing (1)

SCL
(Master output) 9 1 2 3 4 5 6 7 8 9

SDA \

(Master output) | \ Bit7 XBit6 X Bit5 X Bit4 X Bit3 X Bit2 X Bit1 X Bito /\ \_
| /

SDA
(Slave output)

TDRE

TEND

ICDRT

]
Data n I /
|

ICDRS Data n I/

\

User [5] Write data to ICDRT [6] Issue stop condition. Clear TEND.
processing

[7] Set slave receive

Figure16.6 Master Transmit Mode Operation Timing (2)
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D A S R R =R s = e )

level specified by ACKBT in ICIER to SDA, at the 9th receive clock pulse.

. After the reception of first frame datais completed, the RDRF bit in ICST issetto 1
of 9th receive clock pulse. At thistime, the receive datais read by reading ICDRR, ¢
iscleared to O.

. The continuous reception is performed by reading ICDRR every time RDRF is set. |
receive clock pulse falls after reading ICDRR by the other processing while RDRF i
fixed low until ICDRR is read.

. If next frame is the last receive data, set the RCVD bit in ICCR1 to 1 before reading
This enables the issuance of the stop condition after the next reception.

. When the RDRF bit is set to 1 at rise of the 9th receive clock pulse, issue the stage ¢
. When the STOP hit in ICSR is set to 1, read ICDRR. Then clear the RCVD hit to 0.
. The operation returns to the slave receive mode.
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TRS A \
y Y
RDRF ;

I/
ICDRS Il
/

— \

ICDRR \ X T
User \J \ [3] Read ICDF
processing  [1] Clear TDRE after clearing  [2] Read ICDRR (dummy read)

TEND and TRS

Figure16.7 Master Receive Mode Operation Timing (1)
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J \ AN ——— A

Aok il
v\ ‘ [
ICDRR X Data n-1 \\ X‘Data n /
User \\ W /
processing [5] Read ICDRR after setting RCVD [7] Read ICDRR, [6] Issue stop

and clear RCVD condition

Figure16.8 Master Receive Mode Operation Timing (2)

16.4.4 Slave Transmit Operation

In slave transmit mode, the slave device outputs the transmit data, while the master devi
the receive clock and returns an acknowledge signal. For slave transmit mode operatior
refer to figures 16.9 and 16.10.

The transmission procedure and operations in slave transmit mode are described below.

1.

Set the ICE bit in ICCR1 to 1. Set the MLS and WAIT bitsin ICMR and the CKS3 1
bitsin ICCR1 to 1. (Initial setting) Set the MST and TRS hitsin ICCR1 to select da
mode, and wait until the dave address matches.

When the slave address matches in the first frame following detection of the start co
the slave device outputs the level specified by ACKBT in ICIER to SDA, at therise
clock pulse. At thistime, if the 8th bit data (R/'W) is 1, the TRS and ICSR bitsin IC
set to 1, and the mode changes to slave transmit mode automatically. The continuot
transmission is performed by writing transmit datato ICDRT every time TDRE is s
If TDRE is set after writing last transmit datato ICDRT, wait until TEND in ICSR i
with TDRE = 1. When TEND is set, clear TEND.

Clear TRSfor the end processing, and read ICDRR (dummy read). SCL isfree.
Clear TDRE.
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TEND f
TRS I
il

ICDRT : [ X‘\ Data 1 Data2 |
A I W \
ICDRS ;] [ / X Data 1 XData > I
N[/ /
ICDRR X I / ’
T
pmlcjjsesri hg  [2]Wite data to ICDRT (data 1) [2] Write data to ICDRT (data 2) [2] Write data to IC

——r
—1 |

Figure16.9 Save Transmit Mode Operation Timing (1)
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TEND

TRS

ICDRT / !

ICDRS X [;ata n / :

ICDRR

7 a—

processing [3] Clear TEND [4] Read ICDRR (dummy read)  [5] ¢
after clearing TRS

Figure16.10 Slave Transmit Mode Operation Timing (2)

Rev. 3.00 May 15, 2007 Pag
RENESAS REJOC



the slave device outputs the level specified by ACKBT in ICIER to SDA, at therisec
clock pulse. At the same time, RDRF in ICSR is set to read ICDRR (dummy read). (€
read data show the slave address and R/W, it is not used.)

3. Read ICDRR every time RDRF is set. If 8th receive clock pulse fallswhile RDRF is |
fixed low until ICDRR isread. The change of the acknowledge before reading ICDRI
returned to the master device, is reflected to the next transmit frame.

4. Thelast byte dataisread by reading ICDRR.

SCL
(Master output) 9 1 2 3 4 5 6 7 8 9

SDA

(Master output) _/ \ Bit7 X Bits X Bits X Bit4 X Bit3 X Bit2 \ Bit1 X Bito / \_

SCL
(Slave output)

(Slavil:()aﬁtput) _\_A_/ \L/-
RDRF \ |\_

ICORS THERCE |
|
ICDRR X\
User v
processing [2] Read ICDRR (dummy read) (2] Read |

Figure16.11 Slave Receive Mode Operation Timing (1)
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WS J \ A -

A\ \
ICDRR X \ | ;

User
processing [3] Set ACKBT [3] Read ICDRR  [4] R

Figure16.12 Slave Receive Mode Operation Timing (2)

16.4.6 Clock Synchronous Serial Format

This module can be operated with the clock synchronous serial format, by setting the FS
SARto 1. When the MST bit in ICCR1 is 1, the transfer clock output from SCL is selec
MST is 0, the external clock input is selected.

(1) DataTransfer Format
Figure 16.13 shows the clock synchronous serial transfer format.

The transfer datais output from the rise to the fall of the SCL clock, and the data at the |
of the SCL clock is guaranteed. The ML S bit in ICMR sets the order of datatransfer, in
MSB first or LSB first. The output level of SDA can be changed during the transfer wai
SDAOQ hitin ICCR2.

SDA XBitOXBit1XBit2XBit3XBit4XBit5XBit6XBit7

Figure 16.13 Clock Synchronous Serial Transfer Format
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transferred from ICDRT to ICDRS, and TDRE is set automatically. The continuous
transmission is performed by writing datato ICDRT every time TDRE is set. When ¢
from transmit mode to receive mode, clear TRSwhile TDRE is 1.

scL \ [\ [2\ / 7 8 1 \ /7\ [ \
(osu?:n) \ Bito ) Bit1 X f; X site X Bit7 ) Bito X i | Bite ) Bit7 X]

TRS

I
R4

o /f\ 1 ’ ) \ f \

oorr | JIA] owat/f Datel2 . [ (It
A p p /A .

cons I\ _omer? oz Vil
NN ” v

: [3] Write data [3] Write data i '
processing [3] Write data  [3
to ICDRT to ICDRT to ICDRT
[2] Set TRS

Figure16.14 Transmit Mode Operation Timing
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continually output. The continuous reception is performed by reading ICDRR every
RDREF is set. When the 8th clock isrisen while RDRF is 1, the overrun is detected al
AL/OVE inICSRisset. At thistime, the previous reception datais retained in |CDF

4. To stop receiving when MST =1, set RCVD in ICCR1to 1, then read ICDRR. Ther
fixed high after receiving the next byte data.

(ﬁm) \ Bito ) Bit1 ) f X Bits X Bit7 Y Bito X f Y Bite X Bit7 ) Bito
7 U

MST

p ) [

TRS _7 .
|
|

RDRF
gg f «
ICDRS [ X Daat [Data 2 ] \
’ s; At g A
ICDRR / P X / Data1 X
P U
User / v ,
processing 2] SetMST [3] Read ICDRR @3]

(when outputting the clock)

Figure16.15 Receive Mode Operation Timing
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SCL or SDA
input signal

Latch

Latch

System clock

|

Sampling
clock

period

Match detector

Internal
— SCL or SD
signal

s

s

Figure16.16 Block Diagram of Noise Conceler

16.4.8 Example of Use

Flowcharts in respective modes that use the I°C bus interface 2 are shown in figures 16.1°

16.20.

Rev. 3.00 May 15, 2007 Page 340 of 516

REJ09B0152-0300

RENESAS



TENU=1T ¢ J

Yes

| Read ACKBRinICIER |

ACKBR=0 ?
Transmi
mode?
Ye

Yes
it

i
S

[6]

| Write transmit data in ICDRT | :| 7

[

Read TDRE in ICSR |

o>

Yes -
<l

Yes

| Write transmit data in ICDRT |

—,I -

Read TEND in ICSR__|

L
Lo >
Yes -

Clear TEND in ICSR |

Clear STOP in ISCR___|

Write 0 to BBSY
and SCP

Read STOP in ICSR

Yes

Set MST to 0 and TRS
to 0in ICCR1

Clear TDRE in ICSR |

[8]

0]

[10]

]

2]

[13]

[14]

[15]

[9] Set the last byte of transmit data.

[10] Wait for last byte to be transmitted.

[11] Clear the TEND flag.

[12] Clear STOP flag.

[13] Issue the stop condition.

[14] Wait for the creation of stop condition.

[15] Set slave receive mode. Clear TDRE.

Figure16.17 Sample Flowchart for Master Transmit Mode
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[9] Wait for the last byte to be receive.

[10] Clear STOP flag.

[11] Issue the stop condition.

[12] Wait for the creation of stop condition.

Set ACKBT in ICIER to 1
] 71

[13] Read the last byte of receive data.

| Set RCVD in ICCR1 to 1 | [14] Clear RCVD.

|
| Read ICDRR | :l 18] [15] Set slave receive mode.

— -

| Read RDRFinICSR |

Yes
[Ccearstopinicsk ] | 1ol
1

| Write 0 to BBSY | 1

and SCP
—_—
I

| Read STOPinICSR |

Yes

| Read ICDRR |
1

Clear RCVD in ICCR1to 0
I

Clear MST in ICCR1to 0

3]

[14]

Note: * Do not activate an interrupt during the execution of steps [1] to [!
[15]

| IS IS E—

For single-byte reception, skip steps [2] to [6] after step [1]. Ther
step [7]. Dummy-read in step [8].

End

Figure 16.18 Sample Flowchart for Master Receive Mode
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4
Yes Y [9] Clear the TDRE flag.
Write transmit data

in ICDRT

—

| Read TENDinICSR |

No @ 5]

Yes -
[ CeartenDinicsR_| | (6]
[ Clear TRS M ICORT 50 ] Jm
[ Dummy road ICDRR | T
[ Cioar TORE I 1GSR | Jw@
End

Figure16.19 Sample Flowchart for Slave Transmit Mode
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Last receive
-1?

J 5] [8] Read the (last byte - 1) of receive data.

]

[9] Wait the last byte to be received.

Read ICDRR

[10] Read for the last byte of receive data.

Set ACKBT in ICIER to 1 7]
| J

[ Read ICDRR | @
———— }

| Read RDRFinICSR |

Yes
[ Read ICDRR | ] 1o
For single-byte reception, skip steps [2] to [6] after
End step [1]. Then, jump to step [7]. Dummy-read in stej

Figure16.20 Sample Flowchart for Slave Receive Mode
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lransmit Data empty 1Al (IvRe=1)<(l1E=1) O O
Transmit End TEI (TEND =1) - (TEIE = 1) o) o)
Receive Data Full RXI (RDRF=1).(RIE=1) o) o)
STOP Recognition STPI (STOP =1) «(STIE =1) o x
NACK Receive NAKI {(NACKF =1) + (AL=1)} - o) x
Arbitration (NAKIE =1) o o
Lost/Overrun

When interrupt conditions described in table 16.3 are 1 and the | bit in CCR is 0, the CF
executes interrupt exception processing. Interrupt sources should be cleared in the excey
processing. TDRE and TEND are automatically cleared to O by writing the transmit dat:
ICDRT. RDRF are automatically cleared to O by reading ICDRR. TDRE is set to 1 agai
same time when transmit datais written to ICDRT. When TDRE is cleared to O, then ar

data of one byte may be transmitted.
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Figure 16.21 shows the timing of the bit synchronous circuit and table 16.4 shows the tin
SCL output changes from low to Hi-Z then SCL is monitored.

SCL monitor
timing reference

clock
scL —=VIH XK

|
N
| | T |_
Internal SCL 4@J ...................... _‘: -

|

Figure16.21 Timing of Bit Synchronous Cir cuit

Table16.4 Timefor Monitoring SCL

CKS3 CKS2 Time for Monitoring SCL
0 0 7.5 teye

1 19.5 teye
1 0 17.5 teyc

1 41.5 teye
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4. HHTTIally TUyt Ul UIT O L VELUNTICO 1Eo0 Jidl Y Adl iU TUTTYTEl UUT LU UIE O L YUS TUAU |
capacitor and pull-up resistor) than the period defined in section 16.6, Bit Synchronc

2. When the slave device elongates the low level period between the eighth and ninth c
activates the bit synchronous circuit.

16.7.2 Note on Setting WAIT Bit in 12C BusMode Register (ICMR)

The WAIT bit in the 1°C bus mode register (ICMR) should be set to 0. Note that if the V
set to 1, when a dave device holds the SCL signal low more than one transfer clock cyc
the eighth clock, the high level period of the ninth clock may be shorter than a given per

16.7.3 Restriction on Transfer Rate Setting in Multimaster Operation

In multimaster operation, if the |1 C transfer rate setting in this LS| is slower than those ¢
masters, SCL may be output with an unexpected width. To avoid this phenomenon, set 1
rate by 1/1.8 or faster than the fastest rate of the other masters. For example, if the faste
rate of the other mastersis set to 400 kbps, the |1C transfer rate in this LS| should be set
kbps (= 400/1.18) or more.
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16.7.5 Usage Note on Master Receive M ode

In master receive mode, SCL isfixed low on the falling edge of the 8th clock while the R
isset to 1. When ICDRR isread around the falling edge of the 8th clock, the clock is onl
low in the 8th clock of the next round of data reception. The SCL is then released from it
state without reading ICDRR and the 9th clock is output. As aresult, some receive datai
To avoid this phenomenon, the following actions should be performed:

¢ Read ICDRR in master receive mode before the rising edge of the 8th clock.
e Set RCVD to 1in master receive mode and perform communication in units of one b
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High-speed conversion: 12.4 us per channel (at 10-MHz operation)
Sample and hold function
Conversion start method

A/D conversion can be started by software and external trigger.

e Interrupt source

An A/D conversion end interrupt request can be generated.

Use of module standby mode enables this module to be placed in standby mode inde

when not used. (The A/D converter is halted astheinitia value. For details, refer to
5.4, Module Standby Function.)

ANO o——»
AN1 o—»
AN2 o—p
AN3 o—»
AN4 o——p-|
AN5 o—»

Multiplexer

AVCC o—»

VSS o—»

Reference
voltage

[Legend]
AMR:
ADSR:
ADRR:
IRRAD:

A/D mode register
A/D start register
A/D result register

PN
AMR
ADSR
[72]
a
<
3
AVcc =
£
_ Comparator Y 2
L [
Y
< Il ADRR || >
N
L » IRR/

A/D conversion end interrupt request flag

Figure17.1 Block Diagram of A/D Converter

ADCMS3AA_000020020900
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Analog input pin 1 AN1 Input

Analog input pin 2 AN2 Input
Analog input pin 3 ANS3 Input
Analog input pin 4 AN4 Input
Analog input pin 5 AN5 Input
External trigger input pin  ADTRG Input External trigger input that control

conversion start.

17.3 Register Descriptions
The A/D converter has the following registers.

e A/D result register (ADRR)
o A/D moderegister (AMR)
o A/D start register (ADSR)

17.3.1 A/D Result Register (ADRR)

ADRR is a 16-hit read-only register that storesthe results of A/D conversion. The datais
the upper 10 bits of ADRR. ADRR can be read by the CPU at any time, but the ADRR v
during A/D conversion is undefined. After A/D conversion is completed, the conversion |
stored as 10-bit data, and this datais retained until the next conversion operation starts. T
value of ADRR is undefined. This register must be read in words.
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CALUTTIA U IBHGI ipgut.

0: Disables the A/D conversion start by the e
trigger input.

1: Starts A/D conversion at the rising or falling
the ADTRG pin

The edge of the ADTRG pin is selected by th
ADTRGNEG bit in IEGR.

CKS1
CKSO0

RW
R/W

Clock Select

Select the A/D conversion clock source.

00: /8
(conversion time = 124 states (max.)
(reference clock = ¢)

01: o/4
(conversion time = 62 states (max.)
(reference clock = ¢)

10: ¢/2
(conversion time = 31 states (max.)
(reference clock = ¢)

11: ¢w/2
(conversion time = 31 states (max.)
(reference clock = ¢,,)

While CKS1 and CKSO are all 1 in subactive |
subsleep mode, the A/D converter can be use
when the CPU operating clock is ¢w.

Rev. 3.00 May 15, 2007 Pag

RENESAS REJOS



10017 ANO
101x: No channel selected
11xx: No channel selected

The channel selection should be made while t
bit is cleared to 0.

[Legend] x: Don't care.

17.3.3

A/D Start Register (ADSR)

ADSR starts and stops the A/D conversion.

Initial
Bit Bit Name Value R/W Description
7 ADSF 0 R/W When this bit is set to 1, A/D conversion is stal
When conversion is completed, the converted
set in ADRR and at the same time this bit is cls
0. If this bit is written to 0, A/D conversion can
forcibly terminated.
6 LADS 0 R/W Ladder Resistance Select
0: Ladder resistance operates while the A/D cc
is idle.
1: Ladder resistance is halted while the A/D co
is idle.
The ladder resistance is always halted in stanc
mode, watch mode, or module standby mode,
reset.
5t00 — All 1 — Reserved

These bits are always read as 1 and cannot be
modified.
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<. Wwhen A/D converson 1s compieted, the resuit Istransierred 10 the A/D result regiSte

3. On completion of conversion, the IRRAD flag in IRR2 isset to 1. If the IENAD bit |
issetto 1 at thistime, an A/D conversion end interrupt request is generated.

4. The ADSF bit remains set to 1 during A/D conversion. When A/D conversion ends,
bit is automatically cleared to O and the A/D converter enters the wait state.

17.4.2 External Trigger Input Timing

The A/D converter can also start A/D conversion by input of an external trigger signal. |
trigger input is enabled at the ADTRG pin when the ADTSTCHG bitin PMRB is set to
TRGE bitin AMR is set to 1. Then when the input signal edge designated in the ADTR
in IEGR is detected at the ADTRG pin, the ADSF bit in ADSR will be set to 1, starting
conversion.

Figure 17.2 shows the timing.

Note: * The ADTRG input pin is shared with the TEST pin. Therefore when the pin
the ADTRG pin, reset should be cleared while the O-fixed signal isinput to t
pin. Then the ADTSTCHG hit should be set to 1 after the TEST signal isfix

' Uy oe

ADTRG E
(when : |

ADTRGNEG = 0) \»

ADSF

A/D conversion

-

Figure17.2 External Trigger Input Timing
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Retained*® Retained*”

ADRR Retained**  Functions Functions Retained Functions/  Functions/  Retained

Retained**  Retained**

Notes: 1. Undefined at a power-on reset.

2. Function if ¢w/2 is selected as the internal clock. Halted and retained otherwis

175 Exampleof Use

An example of how the A/D converter can be used is given below, using channel 1 (pin £
the analog input channel. Figure 17.3 shows the operation timing.

1.

o ok~ w

Bits CH3 to CHO in the A/D mode register (AMR) are set to 0101, making pin AN1
analog input channel. A/D interrupts are enabled by setting bit IENAD to 1, and A/C
conversion is started by setting bit ADSF to 1.

When A/D conversion is completed, bit IRRAD isset to 1, and the A/D conversion't
stored in ADRR. At the same time bit ADSF is cleared to 0, and the A/D converter ¢
idle state.

Bit IENAD =1, so an A/D conversion end interrupt is requested.
The A/D interrupt handling routine starts.

The A/D conversion result is read and processed.

The A/D interrupt handling routine ends.

If bit ADSF is set to 1 again afterward, A/D conversion starts and steps 2 through 6 take |
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"aIemyos AQ UolNOBX® UOIONIISUl SBJBDIPUIT 4 :BION

w::mm‘_ UOISISAUOD peay AN

1) INS8J UOISIBAU0D /Y

d4dav

/

ayess Bunesado

w~co_w_w>coo an v#

SIPI

\K%/co_w‘_wéoo an ATm_U_

| (1Nw) 1 1euueUD

ﬁ

aes t

aes t

SUBIS UOISIBAUOD /Y

4sav

aes t

avNal

\
N

(avydl) Wdnusyu

Figure 17.3 Example of A/D Conversion Operation
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Yes
Read ADRR data

Perform A/D conversion?

Figure17.4 Flowchart of Procedurefor Using A/D Converter (Polling by Softy

| Set A/D conversion speed and input channel |
|

| Enable A/D conversion end interrupt |
|

| Start A/D conversion |

N
A/D conversion end Yes
interrupt generated?

No |

Clear IRRAD bitin IRR2100 |
|
[ Read ADRR data [

Yes

Perform A/D conversion?

Figure17.5 Flowchart of Procedurefor Using A/D Converter (InterruptsUs
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when the digital output changes from the minimum voltage val ue 0000000000 to 00
(seefigure 17.7).

Full-scale error

The deviation of the analog input voltage value from the ideal A/D conversion chare
when the digital output changes from 1111111110to 1111111111 (seefigure 17.7).
Nonlinearity error

The error with respect to the ideal A/D conversion characteristics between zero volte
full-scale voltage. Does not include offset error, full-scale error, or quantization erro
Absolute accuracy

The deviation between the digital value and the analog input value. Includes offset
scale error, quantization error, and nonlinearity error.
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010 “— Quantization error

Analog
input voltage

Figure17.6 A/D Conversion Accuracy Definitions (1)

Digital output Full-scale error

i

Ideal A/D conversion
characteristic 7

/" — Nonlinearity
/ error

’
’
’

~~— Actual A/D conversion
,/ characteristic

[ FS

T Analog
Offset error input voltage

Figure17.7 A/D Conversion Accuracy Definitions (2)
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the signal source Impeaance Is ignored. However, as alow-passTilter errect 1S obtained
case, it may not be possible to follow an analog signal with alarge differential coefficie
mV/us or greater) (see figure 17.8). When converting a high-speed analog signal, alow:
impedance buffer should be inserted.

17.7.2 I nfluences on Absolute Accuracy

Adding capacitance resultsin coupling with GND, and therefore noisein GND may adv
affect absolute accuracy. Be sure to make the connection to an electrically stable GND.

Careisaso required to ensure that filter circuits do not interfere with digital signalsor
antennas on the mounting board.

This LSI A/D converter
Sensor output equivalent circuit
impedance
to 10 kQ 10 kQ
AAA AAA

Sensor input YW

\AAl
1 Low-pass J‘

Cin= -L
1 filter I E 15 pF I I
1 Cto0.1uF '

48 pF

Figure17.8 Example of Analog Input Circuit
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SXteen types of VOoIlages IS PoSssinie.

result can be selected.

Two analog input channels

Each channel includes its own comparator.

When the internal power supply is selected, the hysteresis characteristics of the com

Use of module standby mode enabl es this module to be placed in standby mode inde

when not used. (A comparator is halted as the initial value. For details, refer to sectic
Module Standby Function.)

COMPO

COMP1
VCref

Comparator

Comparator

\Selector/
o

VS'M

—
l_q 1 CMCRO
] CMCR1
26/30 %4R ™
R
25/30 % || Interrupt
R generator
24
/30 %
10/30 Interrupt
%R request
9/30
9R | [Legend]

5

CMDR: Compare data register

CMCRO0: Compare control register 0
CMCR1: Compare control register 1

Internal data bus

Figure18.1 Block Diagram of Comparators

ADCMS3AA_000020020900

RENESAS
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18.3 Register Descriptions

The comparators have the following registers. For details on register addresses and regist
during each processing, refer to section 20, List of Registers.

e Compare control registers 0, 1 (CMCRO, CMCR1)
e Compare dataregister (CMDR)

18.3.1 Compare Control Registers0, 1 (CMCRO, CMCR1)

CMCRO0 and CMCRL control the comparators.

Initial
Bit Bit Name  Value R/W Description
7 CME 0 R/W Comparator Enable

0: Comparator halted
1: Comparator operates

6 CMIE 0 R/W Comparator Interrupt Enable
0: Disables a comparator interrupt

1: Enables a comparator interrupt
5 CMR 0 R/W Comparator Reference Voltage Select
0: Selects internal power supply as reference \

1: Reference voltage is input from VCref pin
For the combination of the CMR and CMLS bit
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R/VW

vviivil Vivitt — v Aalilv Viviy — 1, vV

IL wil vo Ao

When CMR = 1, CRS3 to CRSO settings are |

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

VIH
11/30Vce
12/30Vcce
13/30Vcce
14/30Vcc
15/30Vcce
16/30Vcce
17/30Vcc
18/30Vcc
19/30Vcce
20/30Vce
21/30Vcc
22/30Vce
23/30Vce
24/30Vcc
25/30Vce
26/30Vcce

VIL
9/30Vce
10/30Vcce
11/30Vcce
12/30Vcce
13/30Vcce
14/30Vcc
15/30Vcce
16/30Vcc
17/30Vcce
18/30Vcc
19/30Vcce
20/30Vce
21/30Vce
22/30Vcc
23/30Vce
24/30Vcc

For the selectable range by the CRS bits, see
21, Electrical Characteristics.
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1 Setting prohibited

18.3.2 Compare Data Register (CMDR)

CMDR stores the result of comparing the analog input pin and reference voltage.

Initial

Bit Bit Name Value R/W Description
7,6 — AllO — Reserved

These bits are always read as 0.
5 CMF1 0 R/(W)*' COMP1 Interrupt Flag

[Setting condition]

When COMP1 interrupt occurs

[Clearing condition]

0 is written to CMF1 after reading CMF1 = 1
4 CMFO 0 R/(W)*' COMPO Interrupt Flag

[Setting condition]

When COMPO interrupt occurs

[Clearing condition]

0 is written to CMFO after reading CMFO = 1

3,2 — AllO — Reserved
These bits are always read as 0.
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Notes: 1. Only O can be written 10 clear the flag.

2. Depends on the pin state and reference voltage.

184  Operation

184.1 Operation Sequence

The operation sequence of a comparator is as follows:

1.

7.

When using V Cref, the pins to be used are enabled by the corresponding port mode
For details, see section 8, 1/0O Ports.

Select the reference voltage (CMR setting: internal power supply or V Cref).

When the internal power supply is selected as the reference voltage, select the hyste
characteristics (CML S setting) and reference voltage (CRS3 to CRSO setting).

Set the comparator enable bit (CME).

After setting CME, wait for the conversion time (see section 21, Electrical Charactel
that the comparator becomes stabilized.

Read from CDR.

After reading the CMF flag, write 0 to it (reading the CMF flag can be performed
simultaneously with step 5).

If aninterrupt isto be generated, set the comparator interrupt enable bit (CMIE).

Note: Steps 2 and 3 can be done simultaneously by writing to the entire register.
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17/30 Vce

CDR (CMLS = 0) I : |
CDR (CMLS = 1) | [

Figure18.2 HysteresisNon-Hysteresis Selection by CDR

18.4.3 Interrupt Setting

When the CDR bit is read while the comparator interrupt is enabled and both the CME ar
bitsareset to 1, it islatched in the internal latch. When a difference occurs between the
the latch and the CDR bit, the interrupt is generated. While the CDR bit is being read, the
is masked.
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(6]

(7]

Clear the CMF bit in the interrupt handler. When reading the CMF bit for clearing it, the CDR bit is
also read since those bits are in the same register. Therefore, the output of the internal latch is
updated. Go to step [5] to continue use of the interrupt.

Clear the CMIE bit to clear the interrupt setting and clear the CME bit to stop the comparator.
Clearing the CMIE bit negates the internal interrupt enable signal.

The interrupt flag may be set depending on the internal states of the comparator, pin states, the
timing of setting the internal interrupt enable signal shown in step [4], and the timing of the CDR bit
latched. To avoid this, execute steps [2] to [4] continuously or ensure that the CMF bit is cleared
using the | bit in CCR as shown in figure 18.4.

When CMR = 0 and CMRS3 to CMRSO0 = B'1000 (VIH = 19/30 Vcc)

19/30VCC fmmmmmm oo

Voltage on

| COMP
Conversion time —-—<— —>E—:-<— Conversion time
CDR (CMLS = 0) |\
h Hl
L[] : : 7]
CMIE . | j \ j \
) : ' 7]
Interrupt enable signal ' | ' '
Stabilization time ) E E
(conversion time) 1 : :
CDR read signal ; : I_I
2[4 [6] C [6]
Internal latch W ; | : |
for comparator ] T I

Y [6]

CMF ;
5] [6] 5] (6]

Figure18.3 Procedurefor Setting Interrupt (1)
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| Clear | bitin CCR to 0 | Enable interrupts by the | bit.

Figure18.4 Procedurefor Setting Interrupt (2)

185 Usage Notes

1. The COMP pin whose channel is operating as a comparator becomes a comparator ar
input pin. It cannot be used for any other function.

2. When external input is used as the reference voltage (CMRO = 1 or CMR1 = 1), the V
cannot be used for any other function.

3. To stop the operation of a comparator, clear the CMEQ and CMEL bitsin CMCRO an
CMCR1 to 0, before clearing the COMPCKSTP bit in CKSTPR2 to 0.

4. If the LSI enters the standby mode or watch mode when a comparator is operating, th
operation of the comparator is maintained. Since the comparator operates even in star
mode or watch mode, it returns to the same mode after the specified interrupt is cance
though the current for the comparator is consumed.

If acomparator is not required to return to the standby mode or watch mode when an
is canceled and the current consumption needs to be reduced, stop the comparator by
the CMEO and CMEZ1 bitsin CMCRO0 and CMCRL to 0 before shifting the mode.
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uy)
m
(0]

Voltage

-

detector

¢ —CK  3pjt | COUT
R  counter
R
* S

-

Internal
reset sign

Figure19.1 Power-On Reset Circuit
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The capacitance (Cggs) which is connected to the RES pin can be computed using the fol|
formula; where the RES rising timeist. For the on-chip resistor (Rp), see section 21, Ele
Characteristics. The power supply rising time (t_vtr) should be shorter than half the RES
time (t). The RES rising time (t) is also should be longer than the oscillation stabilization
(trc).

Cres= (t>trc, t>t_vtrx 2)

Rp
Note that the power supply voltage (Vcc) must fall below Vpor = 100 mV and rise after
the RES pin is removed. To remove charge on the RES pin, it is recommended that the di
should be placed near Vcc. If the power supply voltage (Vcc) rises from the point above’
power-on reset may not occur.

tovtr

SELLEN
Vce —://

| t_vtrx 2

Internal reset

I ter t_out (eight states
signal ! — 1 — (eig )

Figure19.2 Power-On Reset Circuit Operation Timing
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The number of access states is indicated.

. Register bits
Bit configurations of the registers are described in the same order as the register add
Reserved bits are indicated by — in the bit name column.

When the bit number isin the bit name column, it indicates that the entire register is
to acounter or data.

When registers consist of 16 bits, bits are described from the MSB side.

. Register statesin each operating mode
Register states are described in the same order as the register addresses.

The register states described here are for the basic operating modes. If there is a spex
for an on-chip peripheral module, refer to the section on that on-chip peripheral moc
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D A i

Erase block register 1 EBR1 H'F023 ROM 8
Flash memory enable register FENR H'FO2B ROM 8
RTC interrupt flag register RTCFLG H'F067 RTC 8
Second data register/free running RSECDR H'F068 RTC 8
counter data register

Minute data register RMINDR  H'F069 RTC 8
Hour data register RHRDR H'FOBA RTC 8
Day-of-week data register RWKDR  H'F06B RTC 8
RTC control register 1 RTCCR1  H'F06C RTC 8
RTC control register 2 RTCCR2 H'FO6D RTC 8
Clock source select register RTCCSR H'FO6F RTC 8
I?C bus control register 1 ICCR1 H'FO78 lic2 8
I’C bus control register 2 ICCR2 H'F079 lnca 8
I’C bus mode register ICMR H'FO7A lc2 8
I’C bus interrupt enable register ICIER H'FO7B lic2 8
I’C bus status register ICSR H'FO7C lnca 8
Slave address register SAR H'FO7D lic2 8
I’C bus transmit data register ICDRT H'FO7E lc2 8
I’C bus receive data register ICDRR H'FO7F lc2 8
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Compare control register 1 CMCR1 H'FODD Comparator 8
Compare data register CMDR H'FODE Comparator 8
SS control register H SSCRH H'FOEO SSu*! 8
SS control register L SSCRL H'FOE1 SSu*! 8
SS mode register SSMR H'FOE2 SSU*! 8
SS enable register SSER H'FOE3 SSU*! 8
SS status register SSSR H'FOE4 SSU*! 8
SS receive data register SSRDR H'FOEQ SSu*! 8
SS transmit data register SSTDR H'FOEB SSu*! 8
Timer mode register W TMRW H'FOFO Timer W 8
Timer control register W TCRW H'FOF1 Timer W 8
Timer interrupt enable register W TIERW H'FOF2 Timer W 8
Timer status register W TSRW H'FOF3 Timer W 8
Timer 1/O control register 0 TIORO H'FOF4 Timer W 8
Timer I/O control register 1 TIOR1 H'FOF5 Timer W 8
Timer counter TCNT H'FOF6 Timer W 16
General register A GRA H'FOF8 Timer W 16
General register B GRB H'FOFA Timer W 16
General register C GRC H'FOFC Timer W 16
General register D GRD H'FOFE Timer W 16
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. e

A e

[

SCI3

Serial mode register 3 SMRS3 H'FF98 8
Bit rate register 3 BRR3 H'FF99 SCI3 8
Serial control register 3 SCR3 H'FF9A SCI3 8
Transmit data register 3 TDRS3 H'FFoB SCI3 8
Serial status register 3 SSR3 H'FFIC SCI3 8
Receive data register 3 RDR3 H'FF9D SCI3 8
Serial extended mode register SEMR H'FFA6 SCI3 8
IrDA control register IrCR H'FFA7 IrDA 8
Timer mode register WD TMWD H'FFBO WDT*® 8
Timer control/status register WD1 TCSRWD1 H'FFB1 WDT*® 8
Timer control/status register WD2 TCSRWD2 H'FFB2 WDT*® 8
Timer counter WD TCWD H'FFB3 WDT*® 8
A/D result register ADRR H'FFBC A/D 1
converter
A/D mode register AMR H'FFBE A/D 8
converter
A/D start register ADSR H'FFBF A/D 8
converter
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Port pull-up control register 1 PUCR1 H'FFEO I/O ports 8
Port pull-up control register 3 PUCRS3 H'FFE1 I/O ports 8
Port control register 1 PCR1 H'FFE4 1/O ports 8
Port control register 3 PCR3 H'FFE6 I/0 ports 8
Port control register 8 PCR8 H'FFEB 1/O ports 8
Port control register 9 PCR9 H'FFEC 1/0O ports 8
System control register 1 SYSCR1 H'FFFO System 8
System control register 2 SYSCR2 H'FFF1 System 8
Interrupt edge select register IEGR H'FFF2 Interrupts 8
Interrupt enable register 1 IENR1 H'FFF3 Interrupts 8
Interrupt enable register 2 IENR2 H'FFF4 Interrupts 8
Oscillator control register OSCCR H'FFF5 System 8
Interrupt flag register 1 IRR1 H'FFF6 Interrupts 8
Interrupt flag register 2 IRR2 H'FFF7 Interrupts 8
Clock stop register 1 CKSTPR1 H'FFFA System 8
Clock stop register 2 CKSTPR2 H'FFFB System 8

Notes: 1. SSU: Synchronous serial communication unit
2. AEC: Asynchronous event counter

3. WDT: Watchdog timer

RENESAS
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EBR1 — — — EB4 EB3 EB2 EB1 EBO

FENR FLSHE — — — — — — —
RTCFLG FOIFG WKIFG DYIFG HRIFG MNIFG 1SEIFG 05SEIFG  025SEIFG
RSECDR BSY sc12 sct1 SC10 SC03 SC02 SCo1 SC00
RMINDR BSY MN12 MN11 MN10 MNO3 MNO2 MNO1 MNOO
RHRDR BSY — HR11 HR10 HRO3 HRO2 HRO1 HR0O
RWKDR BSY — — — — wK2 WK1 WKO
RTCCR1 RUN 12/24 PM RST INT — — —
RTCCR2 FOIE WKIE DYIE HRIE MNIE 1SEIE 05SEIE 025SEIE
RTCCSR — RCS6 RCS5 SUB32K  RCS3 RCs2 RCS1 RCSO0
ICCR1 ICE RCVD MST TRS CKs3 CcKs2 CKS1 CKSO0
ICCR2 BBSY scp SDAO SDAOP scLo — IICRST —

ICMR MLS WAIT — — BCWP BC2 BC1 BCO
ICIER TIE TEIE RIE NAKIE STIE ACKE ACKBR ACKBT
ICSR TDRE TEND RDRF NACKF STOP ALOVE  AAS ADZ
SAR SVA6 SVAS5 SVA4 SVA3 SVA2 SVA1 SVAO FS
ICDRT ICDRT7  ICDRT6 ICDRTS ~ ICDRT4  ICDRT3  ICDRT2 ICDRT1 ICDRTO
ICDRR ICDRR7  ICDRR6  ICDRR5  ICDRR4  ICDRR3  ICDRR2  ICDRR1 ICDRRO
PFCR — — — Ssus IRQ1ST IRQ1S0 IRQOST IRQOSO
PUCR8 — — — PUCR84  PUCR83  PUCR82  — —
PUCR9 — — — — PUCRE3 ~ PUCR92  PUCR91  PUCR90
PODR9 — — — — P930DR  P920DR  P910DR  P90ODR
TMB1 TMB17 TMB16 — — — TMB12 TMB11 TMB10
TCB1 (RY/ Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TLB1 (W)
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SSTDR Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0
TMRW CTS — BUFEB BUFEA — PWMD PWMC PWMB
TCRW CCLR CKS2 CKS1 CKSO0 TOD TOC TOB TOA
TIERW QVIE — — — IMIED IMIEC IMIEB IMIEA
TSRW OVF — — — IMFD IMFC IMFB IMFA
TIORO — 10B2 10B1 10B0 — I0A2 I0A1 I0A0
TIOR1 — 10D2 10D1 10D0 — 10C2 10C1 10C0
TCNT TCNT15 TCNT14 TCNT13 TCNT12 TCNT11 TCNT10 TCNT9 TCNTS8
TCNT7 TCNT6 TCNT5 TCNT4 TCNT3 TCNT2 TCNT1 TCNTO
GRA GRA15 GRA14 GRA13 GRA12 GRA11 GRA10 GRA9 GRAS8
GRA7 GRA6 GRA5 GRA4 GRA3 GRA2 GRA1 GRAO
GRB GRB15 GRB14 GRB13 GRB12 GRB11 GRB10 GRB9 GRB8
GRB7 GRB6 GRB5 GRB4 GRB3 GRB2 GRB1 GRBO
GRC GRC15 GRC14 GRC13 GRC12 GRC11 GRC10 GRC9 GRC8
GRC7 GRC6 GRC5 GRC4 GRC3 GRC2 GRC1 GRCO
GRD GRD15 GRD14 GRD13 GRD12 GRD11 GRD10 GRD9 GRD8
GRD7 GRD6 GRD5 GRD4 GRD3 GRD2 GRD1 GRDO
ECPWCR ECPWCR15 ECPWCR14 ECPWCR13 ECPWCR12 ECPWCR11 ECPWCR10 ECPWCR9 ECPWCRS8
ECPWCR7 ECPWCR6 ECPWCR5 ECPWCR4 ECPWCR3 ECPWCR2 ECPWCR1 ECPWCRO
ECPWDR ECPWDR15 ECPWDR14 ECPWDR13 ECPWDR12 ECPWDR11 ECPWDR10 ECPWDR9 ECPWDRS8
ECPWDR7 ECPWDR6 ECPWDR5 ECPWDR4 ECPWDR3 ECPWDR2 ECPWDR1 ECPWDRO
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SCR3 TIE RIE TE RE MPIE TEIE CKE1 CKEO
TDR3 TDR7 TDR6 TDR5 TDR4 TDR3 TDR2 TDR1 TDRO
SSR3 TDRE RDRF OER FER PER TEND MPBR MPBT
RDR3 RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDR1 RDRO
SEMR — — — — ABCS — — —
IrCR IrE IrCKS2 IrCKS1 IrCKSO — — — —
TMWD — — — — CKS3 CKs2 CKs1 CKS0
TCSRWD1 B6WI TCWE B4WI TCSRWE B2wI WDON BOWI WRST
TCSRWD2 OVF B5WI WT/AT B3WI IEOVF — — —
TCWD TCW7 TCW6 TCW5 TCW4 TCW3 TCW2 TCW1 TCWO
ADRR ADR9 ADR8 ADR7 ADR6 ADR5 ADR4 ADR3 ADR2
ADR1 ADRO — — — — — _
AMR — TRGE CKs1 CKSO0 CH3 CH2 CH1 CHO
ADSR ADSF LADS — — — — — —
PMR1 — — IRQAEC FTCI AEVL CLKOUT TMOW AEVH
PMR3 — — — — — — — VCref
PMRB — — — — ADTSTCHG — IRQ1 IRQO
PDR1 — — — — — P12 P11 P10
PDR3 — — — — — P32 P31 P30
PDR8 — — — P84 P83 P82 — —
PDR9 — — — — P93 P92 P91 P90
PDRB — — PB5 PB4 PB3 PB2 PB1 PBO
PUCR1 — — — — — PUCR12 PUCR11 PUCR10
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IENR1 IENRTC — — — — IENEC2 IEN1 IENO
IENR2 — IENAD — — — IENTB1 — IENEC
OSCCR SUBSTP RFCUT SUBSEL — — — OSCF —

IRR1 — — — — — IRREC2 IRRI1 IRRIO
IRR2 — IRRAD — — — IRRTB1 — IRREC
CKSTPR1 — S3CKSTP — ADCKSTP  — TB1CKSTP  FROMCKSTP  RTCCKST
CKSTPR2 — TWCKSTP IICCKSTP ~ SSUCKSTP ~ AECCKSTP WDCKSTP  COMPCKSTP —

Notes: 1. SSU: Synchronous serial communication unit
2. AEC: Asynchronous event counter
3. WDT: Watchdog timer

RENESAS
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RSECDR

RMINDR

RHRDR

RWKDR

RTCCR1

RTCCR2

RTCCSR

Initialized

ICCR1

Initialized

ICCR2

Initialized

ICMR

Initialized

ICIER

Initialized

ICSR

Initialized

SAR

Initialized

ICDRT

Initialized

ICDRR

Initialized

1IC

PFCR

Initialized

Sy

PUCR8

Initialized

PUCR9

Initialized

PODR9

Initialized

1/C

TMB1

Initialized

TCB1/TLB1

Initialized

Tir
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SSRDR Initialized — — — —
SSTDR Initialized — — — _
TMRW Initialized — — — _ T
TCRW Initialized — — _ _
TIERW Initialized — — — —
TSRW Initialized — — — —
TIORO Initialized — — — _
TIOR1 Initialized — — — —
TCNT Initialized — — _ _
GRA Initialized — — — —
GRB Initialized — — _ _
GRC Initialized — — — _
GRD Initialized — — — —
ECPWCR Initialized — — — _ A
ECPWDR Initialized — — — —
SPCR Initialized — — _ _
AEGSR Initialized — — — —
ECCR Initialized — — — —
ECCSR Initialized — — — _
ECH Initialized — — — —
ECL Initialized — — _ _

RENESAS
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TMWD Initialized — — — — — — Wi

TCSRWD1 Initialized —— — — — — _
TCSRWD2 Initialized — — — — — —
TCWD Initialized — — — — _ _
ADRR — — — — - — — Al
AMR Initialized —— — — — — — col
ADSR Initialized — — — — — _
PMR1 Initialized — — — — — — 1/0
PMR3 Initialized — — — — — —
PMRB Initialized — — — — — —
PDR1 Initialized  — — — — — —
PDR3 Initialized — — — — — _
PDR8 Initialized — — — — — _
PDR9 Initialized —— — — — — _
PDRB Initialized —— — — — — —
PUCRA1 Initialized — — — — _ _
PUCR3 Initialized —— — — — — _
PCR1 Initialized — — — — — _
PCR3 Initialized — — — — — _
PCR8 Initialized — — — — — _
PCR9 Initialized — — — — _ _
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CKSTPR1 Initialized —
CKSTPR2 Initialized —

Notes: — is not initialized.

1. SSU: Synchronous serial communication unit
2. AEC: Asynchronous event counter
3. WDT: Watchdog timer
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Analog power supply voltage AV, —-0.3to +4.3 Vv
Input voltage Other than port B \ -0.3to V_+0.3 Vv

in

Port B AV -0.3t0AV_+0.3  V

Operating temperature T oo —201to +75 °C
(general
specifications)**

—40 to +85

(wide temperature
range
specifications)**

Storage temperature T -55to +125 °C

stg
Notes: 1. Permanent damage may occur to the LSI if absolute maximum ratings are ex
Normal operation should be under the conditions specified in Electrical Chare
Exceeding these values can result in incorrect operation and reduced reliabili

2. The operating temperature range for flash memory programming/erasing is T
+75°C.
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_§4.o|. ....... doe ' b
b P

i
1.8 27 3.6 Vcc (V) 1.8 27 36\
¢ All operating modes
* Refer to note

* Active (high-speed) mode
¢ Sleep (high-speed) mode

R,sc/32 used (reference value)
8125 -------

f,y (kHz)

(2) System clock oscillator selected (4-MHz version)

f,y (kHz)
w
N
~
(o2}
oo

fosc (MHZ)
N
[=2N\V]

1 i i 1
1.8 2.7 3.6 Voo (V) 18 2.7 36V

¢ Active (high-speed) mode e All operating modes
e Sleep (high-speed) mode * Refer to note

R,s/32 used (reference value)
8125 -------

w (kHz)

I H I
1.8 27 3.6\
* All operating modes

Note: * When using a resonator, hold the Vcc level in the range from 2.2 V to 3.6 V until the oscillation
stabilization time has elapsed after switching on.

Figure21.1 Power Supply Voltage and Oscillation Freguency Range (1)
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oy (kH2)

1.8

* All operating modes

Note: * When using a resonator, hold the Vcc level in the range from 2.2 V to 3.6 V until the oscillation

stabilization time has elapsed after switching on.

2.7 3.6

Figure21.2 Power Supply Voltage and Oscillation Frequency Range (2
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18 2.7 36 Vco (V) 18 2.7 36 Ve
* Active (high-speed) mode * Subactive mode
* Sleep (high-speed) mode * Subsleep mode (other tha

¢ Watch mode (other than C

1250 |- oo - - - R
] e
’N\ 1 1 1
< i i i
= . . .
e i i i
' ' ' Rosc/32 used (reference value)
i b . 8125 -------
1 1 1 N
' ' ' T
. . . 3
i i i o
oo JZ R T -] R S
1 HE— i -
1.8 2.7 3.6 Vcc (V) 1.8 27 3.6
* Active (medium-speed) mode * Subactive mode
* Sleep (medium-speed) mode * Subsleep mode (other tha

e Watch mode (other than C

Figure21.3 Power Supply Voltage and Oper ating Frequency Range (1)
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o (kHz)

1.8 2.7 3.6 Vcec (V) 1.8 27 3.6

* Active (high-speed) mode ¢ Subactive mode
e Sleep (high-speed) mode ¢ Subsleep mode (other thz
* Watch mode (other than (
525 | -------
R,so/32 used (reference value)
3125 ------- r
. . . . 8125
1 [ 1 N
| | I T
1 1 1 {,
o
! ! ! s 1A72p------- . : !
H i H i i i
1.8 2.7 3.6 Vce (V) 1.8 27 36
* Active (medium-speed) mode * Subactive mode
* Sleep (medium-speed) mode * Subsleep mode (other tha

e Watch mode (other than C

Figure21.4 Power Supply Voltage and Operating Frequency Range (2)
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1.8 2.7 3.6 Vcc (V)
 Active (high-speed) mode
* Sleep (high-speed) mode

Rosc used (reference value)

¢ (kHz)

¢ Active (medium-speed) mode
¢ Sleep (medium-speed) mode

1.8 27 3.6 Vcc (V)

o sus (KH2)

R,sc/32 used (reference value)

1.8
¢ Subactive mode
¢ Subsleep mode (other tha
* Watch mode (other than C

2.7 3.6 V

1.8

¢ Subactive mode
¢ Subsleep mode (other tha
¢ Watch mode (other than C

2.7 3.6 V¢

Figure21.5 Power Supply Voltage and Operating Frequency Range (3)
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0 sug (kHZ
o
w
N
(6]

|
1.8 27 36
e All operating modes

(2) System clock oscillator selected (4-MHz version)

o (MHz)
N S
o N

¢ sus (kHz)

i i ]
1.8 27 3.6 AVcc (V) 1.8 27 3.6
« Active (high-speed) mode ¢ All operating modes
* Sleep (high-speed) mode

R,s/32 used (reference value)

81.25 f--------

 sus (KH2)

18 27 36
¢ All operating modes

Figure21.6 Analog Power Supply Voltage and Operating Frequency Rang
A/D Converter (1)
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Rosc/32 used (reference value)

Ogyg (kHz

1.8 2.7

* All operating modes

3.6 £

Figure21.7 Analog Power Supply Voltage and Operating Frequency Range

A/D Converter (2)
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voltage

NMI*°, AEVL,
AEVH, ADTRG,
SCKS3, IRQAEC

IRQ0**, IRQT** 0.9V,

— AV, +03

RXD3, IrRXD 0.8V,

—  V,+03

OscC1 0.9V,

—  V,+03

X1 0.9V,

— V. +03

P10 to P12, 0.8V,
P30 to P32,
P82 to P84,
P90 to P93,
SSl, $SO,
SSCK, SCS,
FTCI, FTIOA,
FTIOB, FTIOC,
FTIOD,
E7_0to E7_2,
SCL, SDA

— Ve + 0.3

PBO to PB5 0.8V

— AV, +03

RENESAS
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FIVI0 Flg, —VU.o UV.eVe
P30 to P32,
P82 to P84,
P90 to P93,
SCL, SDA,
PBO to PB5,
SSI, SSO,
SSCK, SCS,
FTCI, FTIOA,
FTIOB, FTIOC,
FTIOD,
E7 0to E7_2,
SCL, SDA
Output Vo P10 to P12, =l =1.0mA Ve—1.0 —
high P30 to P32, Vec=2.7Vt0 3.6V
voltage P90 to P93 —lo,=0.1 mA Vo —0.3 —
P82 to P84 =l =1.0mA Vee—1.0 —
Vi=27Vt03.6V
=l =0.1 mA V,—0.3 —
Output low V. P10 to P12, loe =0.4 mA — 0.5
voltage P30 to P32,
P90 to P93
P82 to P84 lo. =15 mA, — 1.0
Vece=27Vto3.6V
lo. =10 mA, — 0.5
Vec=22Vto3.6V
loe =8 mA — 0.5
SCL, SDA lo, =3.0 mA — 0.4
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Pull-up MOS -,
current

P10to P12,
P30 to P32,
P82 to P84,
P90 to P93

180

pA

Input (o
capacitance

All input pins
except power
supply pin

f=1MHz, —
V,=0V,
Ta =25°C

15.0

pF

Active mode |

supply
current

OPE1

VCC

Active (high- —
speed) mode,

Ve =18V,

fose =2 MHZz

osc

1.1

mA

Active (high- —
speed) mode,

Ve =3V,

fsc =R

osc osc

1.2

Active (high- —
speed) mode,
Vee=3V,

fose = 4.2 MHz

osc

2.6

4.0

Active (high- —
speed) mode,
V=3V,

fosc = 10 MHz

6.0

10.0

RENESAS
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AClive (meaium-
speed) mode,
V=3V,

fose = 10 MHz,
¢,./64

osc

.o

Sleep mode
supply
current

SLEEP

cc

V=18V,
f. =2 MHz

osc

0.9

V=3V,
foso = 4.2 MHz

osc

2.0

3.2

V=3V,
foe = 10 MHz

4.2

6.4

Subactive
mode supply
current

suB

VCC

V=27V,
32-kHz crystal
resonator (¢, =

4u/8)

7.0

Vee=27V,
32-kHz crystal
resonator (¢g,; =

dw/2)

25

V=27V,
on-chip

oscillator/32 (dgys

= ¢y, = Rosc/32)

80

V=27V,
32-kHz crystal
resonator (¢g,; =

)

45

75
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32-kHz crystal
resonator (¢g; =

)

Watch mode |,y Ve V=18V, — 0.5 — pA
supply Ta =25°C,
current 32-kHz crystal

resonator

V=27V, — 1.5 5.0

32-kHz crystal

resonator
Standby ey Ve Vi=3.0V, — 0.1 — HA
mode supply Ta = 25°C,
current 32-kHz crystal

resonator not

used

32-kHz crystal — 1.0 5.0

resonator not

used
RAM data Vi Ve 1.5 — — \
retaining
voltage
Permissible |, Output pins — — 0.5 mA
output low except port 8
current Port 8 — — 150
(per pin)
Permissible > 1, Output pins — — 20.0 mA
output low except port 8
current (total) Port 8 _ _ 45.0
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Active (high-speed) Vo Only CPU operates V, System cloc

mode (lpe,) oscillator: C
Active (medium-speed) resonator
mode (lope,) Subclock os
Sleep mode Vee Only on-chip timers  V, Pin X1 = G
operate
Subactive mode Vee Only CPU operates V., System cloc
Subsleep mode Ve Only on-chip timers V. oscillator: Ci
operate, CPU stops resonator
Subclock os

Watch mode Ve Only timer base Ve

operates, CPU stops Crystal reso

Standby mode Vee CPU and timers both V., System cloc
stop, SUBSTP =1 oscillator: Ci
resonator

Subclock os
Pin X1 = Cn
resonator

2. Excludes current in pull-up MOS transistors and output buffers.
Used for the determination of user mode or boot mode when the reset is relea:

4. When bits IRQ0S1 and IRQ0SO are set to B'01 or B'10, and bits IRQ1S1 and |
are set to B'01 or B'10, the maximum value is given V. + 0.3 (V).

@
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System clock fosc 0SC1,08C2 v, =27Vto36V 4.0 — 10.0 MHz
oscillation (10-MHZ version)
frequency V,=18Vto36V 20  — 4.2
(4-MHz version)
OSC clock (dpg0) tose 0SC1,08C2 v, =27Vto36V 100 — 250 ns
cycle time (10-MHz version)
V,=18Vto36V 238 — 500
(4-MHz version)
System clock (¢) oo 1 — 64 tosc
cycle time V,=27Vto36V — — 16 us
(10-MHz version)
V,=18Vto36V — — 32
(4-MHz version)
On-chip oscillator ~ t..s. 0.3 — 26 MHz
oscillation
frequency
On-chip oscillator  t.¢. 0.38 — 33 ps
clock cycle time
Subclock oscillator  f,, X1, X2 — 32.768 — kHz
oscillation or 38.4
frequency
Watch clock (¢,,) tw X1, X2 — 30.50r — ps
cycle time 26.0
Subclock (¢gys) tuboye 1 — 8 ty
cycle time
Instruction cycle 2 — — tye
time subcyc
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Utner than above

On-chip At switching on — 15 25 ys
oscillator
X1, X2 V,=22Vto36V — — 2 s
Other than above — 4 —_
External clock high  t, OscC1 V,,=27Vt036V 40 — — ns
width (10-MHz version)
V,=18Vt036V 95 — —
(4-MHz version)
X1 — 15.26 or — us
13.02
External clock low  t.,, OSC1 V,=27Vto36V 40 — — ns
width (10-MHz version)
V,=18Vto36V 95 — —
(4-MHz version)
X1 — 15.26 or — us
13.02
External clock rising t., OSCH1 Vee=27V1036V — — 10 ns
time (10-MHz version)
V,=18Vto36V — — 24
(4-MHz version)
X1 — — 55.0 ns
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moae

Input pin high width t,, IRQO, IRQT, 2 — —
NMI, IRQAEC, t
ADTRG, FTCI,
FTIOA, FTIOB,
FTIOC, FTIOD

cye

subcyc

AEVL, AEVH V =27Vto36V 50 — — ns
(10-MHz version)

V,,=1.8Vto3.6V 110 — —
(4-MHz version)

Input pin low width  t, IRQO, IRQT, 2 — — t.
NMI, IRQAEC, Eoibee
ADTRG, FTCI,
FTIOA, FTIOB,
FTIOC, FTIOD
AEVL, AEVH V_=27Vt036V 50 — — ns

(10-MHz version)

V,,=1.8Vto36V 110 — —
(4-MHz version)

Notes: 1. Selected with the SA1 and SAO bits in the system control register 2 (SYSCRC
2. For details on the power-on reset characteristics, refer to table 21.10 and figL
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A A ad ~

(clock synchronous) t

subcyc

Receive data setup time taxs 400.0 — — ns Fig
(clock synchronous)

Receive data hold time ton 400.0 — — ns Fig
(clock synchronous)
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Clock faling ~ Master o SSCK — — 1 e
time Slave — — 1.0 us
Data input setup time ty SSO 1 — — oo
SSi
Data input hold time t, SSO 1 — — -
SSI
SCS setup Slave teno SCS i, + — — ns
time 100
SCS hold Slave e SCS i, + — — ns
time 100
Data output delay time  t_, SSO — — 1 -
SSI
Slave access time tsa Ssi — — 1, + ns
100
Slave out release time  t_, SSI — — i, + ns
100

RENESAS

Rev. 3.00 May 15, 2007 Pag
REJOS



Pulse width of spike  t, — L1 ns
on SCL and SDA to

be suppressed

SDA input bus-free  t, 5t,, — ns
time

Start condition input  t_, 3t — ns
hold time

Repeated start toras 3t — ns
condition input setup

time

Stop condition input  t 3t,, — ns
setup time

Data-input setup time t ¢ 1, +20 — ns
Data-input hold time  t,, 0 — ns
Capacitive load of Cb 0 400 pF
SCL and SDA

Falling time of SCL  t — 300 ns
and SDA output
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supply voltage

Analog input AV, -03 — AV, \
voltage 0.3
Analog power Al AV, =30V — — 1.0 mA
supply current Al.., _ 600 — VA *
Ref
AISTOPZ - - 5 HA *?
Analog input  C,, — — 15.0 pF
capacitance
Permissible R — — 10.0 kQ
signal source
impedance
Resolution — — 10 Bits
(data length)
Nonlinearity AV, =27Vto36V — — +3.5 LSB Ot
error Vie=27V1t03.6V sul
op!
AV,.=20Vto36V — — +5.5
Vi=20Vto3.6V
Subclock operating — — +5.5 Sul
suk
cor
Other than above — — +7.5 e
Quantization — — +0.5 LSB

error

RENESAS
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Conversion AV, =2.7Vt0o36V 124
time Vee=27V1036V

124

us

Syster
oscilla
select

31

62

124

On-ch
is sele
Refere

(fHOSC =

807

¢SUB =

945

¢SUB = :

992

Osup =
Refere

(fnosc =

Other than 29.5
AV,,=27Vto3.6V
Voe=27Vt036V

124

Syster
oscilla
selecte

31

62

124

On-ch
is sele
Refere

(fnosc =

807

¢SUB = :

945

dse =

992

¢SUB = ‘
Refere

(fHOSC =

Notes: 1. Connect AV, to V., when the A/D converter is not used.

2. Al

3' AISTOPZ
ladder resistor while the A/D converter is idle.

STOP1

4. Conversion time is 29.5 ps.

is the current flowing through the ladder resistor while the A/D converter
is the current flowing at a reset, in standby mode or watch mode, throug
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re

Conversion time — — 15 us
External input reference VCref pin 0.9 — 09xV, V
voltage
Internal resistance compare 0.9 — 26/30 x V,, V
voltage
Comparator input voltage =~ COMPO and COMP1 -0.3 — AV, +03 V

pins
Ladder resistance — 3 — MQ R

Vi

21.2.6 Watchdog Timer Characteristics
Table 21.9 shows the watchdog timer characteristics.

Table21.9 Watchdog Timer Characteristics

V,.=18V1t036V,V,=0.0V, unless otherwise specified.

Applicable Values
Iltem Symbol Pins Test Condition Min. Typ. Max. Unit
On-chip tove 0.2 0.4 — s

oscillator
overflow time

Note: * Indicates that the period from when the counter starts with 0 to when the coul
reaches 255 and an internal reset occurs while the on-chip oscillator is select
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Item Sympol Test Condition Min.  Typ. Max. Unit Notes
Reset voltage V_rst 0.7Vcc 0.8Vcec 0.9Vce V
Power supply t_vtr The Vcc rising time should be
rising time shorter than half the RES rising
time.
Reset count time  t_out 0.8 — 4.0 us
3.2 — 26.7 On-chip
is select
(referen
Count starttime  t_cr Adjustable by the value of the
external capacitor connected to
the RES pin.
Pull-up resistance R 60 100 — kQ
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ncin SYyHoor - Lonuiuauon i, Typ:- viaA

Programming time (per 128 bytes)* "**+* t, — 7 200
Erasing time (per block)* "**+° t. — 100 120
Maximum programming count Nyec 1?0'0 190000 —
*8x1 *
100 10000 —
#8x 12 *9
Data retention time tome 104 — —
Programming Wait time after setting SWE bit*' X 1 — —_
Wait time after setting PSU bit*' y 50 — —
Wait time after setting P bit*'** z1 1<n<6 28 30 32
z2 7<n<1000 198 200 202
z3 Additional- 8 10 12

programming

Wait time after clearing P bit*'
Wait time after clearing PSU bit*'
Wait time after setting PV bit*'

o |= [

Wait time after dummy write*'

Wait time after clearing PV bit*’
Wait time after clearing SWE bit*'
Maximum programming count* '***°

=LA R NG NN
I
I

z|o|=3

— — 100
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D R~ ~

Maximum erasing count*"*’ N — — 120

Notes: 1.
2.

10.

11.
12.

Make the time settings in accordance with the programming/erasing algorithn
The programming time for 128 bytes. (Indicates the total time for which the P
flash memory control register 1 (FLMCR1) is set. The programming-verifying
not included.)

The time required to erase one block. (Indicates the total time for which the E
flash memory control register 1 (FLMCR1) is set. The erasing-verifying time i
included.)

Programming time maximum value (t, (max.)) = wait time after setting P bit (z
maximum programming count (N)

Set the maximum programming count (N) according to the actual set values c
and z3, so that it does not exceed the programming time maximum value (t, (
The wait time after setting P bit (z1, z2) should be changed as follows accord
value of the programming count (n).
Programming count (n)

1<n<6 z1 =30 ps

7<n<1000 z2 =200 ps
Erasing time maximum value (t. (max.)) = wait time after setting E bit (z) x me
erasing count (N)

Set the maximum erasing count (N) according to the actual set value of (z), s
does not exceed the erasing time maximum value (t, (max.)).

The minimum number of times in which all characteristics are guaranteed foll
reprogramming. (The guarantee covers the range from 1 to the minimum valt

Reference value at 25°C. (Guideline showing programming count over which
functioning will be retained under normal circumstances.)

Data retention characteristics within the range indicated in the specifications,
the minimum programming count.

Applies to an operating voltage range when reading data of 2.7 to 3.6 V.
Applies to an operating voltage range when reading data of 1.8 to 3.6 V.
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—V.v W I-'\Vcc V.9 v

Operating temperature Tonr —201t0 +75 °C
(general

specifications)

—40 to +85

(wide temperature
range specifications)

Storage temperature T —55to +125 °C

stg

Note: * Permanent damage may occur to the chip if absolute maximum ratings are e
Normal operation should be under the conditions specified in Electrical Chare
Exceeding these values can result in incorrect operation and reduced reliabili
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_§4.o|. ....... doe ' b
b P

i
1.8 27 3.6 Vcc (V) 1.8 27 36\
¢ All operating modes
* Refer to note

* Active (high-speed) mode
¢ Sleep (high-speed) mode

R,sc/32 used (reference value)
8125 -------

f,y (kHz)

(2) System clock oscillator selected (4-MHz version)

f,y (kHz)
w
N
~
(o2}
oo

fosc (MHZ)
N
[=2N\V]

1 i i 1
1.8 2.7 3.6 Voo (V) 18 2.7 36V

¢ Active (high-speed) mode e All operating modes
e Sleep (high-speed) mode * Refer to note

R,s/32 used (reference value)
8125 -------

w (kHz)

I H I
1.8 27 3.6\
* All operating modes

Note: * When using a resonator, hold the Vcc level in the range from 2.2 V to 3.6 V until the oscillation
stabilization time has elapsed after switching on.

Figure21.8 Power Supply Voltage and Oscillation Frequency Range (1)
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oy (kH2)

1.8

* All operating modes

Note: * When using a resonator, hold the Vcc level in the range from 2.2 V to 3.6 V until the oscillation

stabilization time has elapsed after switching on.

2.7 3.6

Figure21.9 Power Supply Voltage and Oscillation Frequency Range (2
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18 2.7 36 Vco (V) 18 2.7 36 Ve
* Active (high-speed) mode * Subactive mode
* Sleep (high-speed) mode * Subsleep mode (other tha

¢ Watch mode (other than C

1250 |- oo - - - R
] e
’N\ 1 1 1
< i i i
= . . .
e i i i
' ' ' Rosc/32 used (reference value)
i b . 8125 -------
1 1 1 N
' ' ' T
. . . 3
i i i o
oo JZ R T -] R S
1 HE— i -
1.8 2.7 3.6 Vcc (V) 1.8 27 3.6
* Active (medium-speed) mode * Subactive mode
* Sleep (medium-speed) mode * Subsleep mode (other tha

e Watch mode (other than C

Figure21.10 Power Supply Voltage and Operating Frequency Range (1)
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o (kHz)

1.8 2.7 3.6 Vcec (V) 1.8 27 3.6

* Active (high-speed) mode ¢ Subactive mode
e Sleep (high-speed) mode ¢ Subsleep mode (other thz
* Watch mode (other than (
525 | -------
R,so/32 used (reference value)
3125 ------- r
. . . . 8125
1 [ 1 N
| | I T
1 1 1 {,
o
! ! ! s 1A72p------- . : !
H i H i i i
1.8 2.7 3.6 Vce (V) 1.8 27 36
* Active (medium-speed) mode * Subactive mode
* Sleep (medium-speed) mode * Subsleep mode (other tha

e Watch mode (other than C

Figure21.11 Power Supply Voltage and Operating Fregquency Range (2
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1.8 2.7 3.6 Vcc (V)
 Active (high-speed) mode
* Sleep (high-speed) mode

Rosc used (reference value)

¢ (kHz)

¢ Active (medium-speed) mode
¢ Sleep (medium-speed) mode

1.8 27 3.6 Vcc (V)

o sus (KH2)

R,sc/32 used (reference value)

1.8
¢ Subactive mode
¢ Subsleep mode (other tha
* Watch mode (other than C

2.7 3.6 V

1.8

¢ Subactive mode
¢ Subsleep mode (other tha
¢ Watch mode (other than C

2.7 3.6 V¢

Figure21.12 Power Supply Voltage and Operating Fregquency Range (3)
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0 sug (kHZ
o
w
J
(6]

\
1.8 2.7 36
¢ All operating modes

(2) System clock oscillator selected (4-MHz version)

o (MHz)
N S
o N

¢ sus (kHz)

i i ]
1.8 27 3.6 AVcc (V) 1.8 27 3.6
« Active (high-speed) mode ¢ All operating modes
* Sleep (high-speed) mode

R,s/32 used (reference value)

81.25 f--------

 sus (KH2)

18 27 36
¢ All operating modes

Figure21.13 Analog Power Supply Voltage and Operating Frequency Rang
A/D Converter (1)
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Rosc/32 used (reference value)

Ogyg (kHz

i 1 1
1.8 27 3.6/
* All operating modes

Figure21.14 Analog Power Supply Voltage and Operating Frequency Range
A/D Converter (2)
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voltage

NMI, AEVL,
AEVH, ADTRG,
SCKS3, IRQAEC

IRQ0**, IRQT* 0.9V,

— AV, +03

RXD3, IFRXD 0.8V,

—  V,+03

0SC1 0.9V,

—  V,+03

X1 0.9V,

— V. +03

P10 to P12, 0.8V,
P30 to P32,
P82 to P84,
P90 to P93,
SSl, SSO,
SSCK, SCS,
FTCI, FTIOA,
FTIOB, FTIOC,
FTIOD,
E7_0to E7_2,
SCL, SDA

—  V,+03

PBO to PB5 0.8V,

—  AV,+03

RENESAS
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F1U 10 Flg, —V.o UV.eVe
P30 to P32,
P82 to P84,
P90 to P93,
SCL, SDA,
PBO to PB5,
SSl, SSO,
SSCK, SCS,
FTCI, FTIOA,
FTIOB, FTIOC,
FTIOD,
E7_Oto E7_2
Output Vo P10 to P12, Iy, =1.0mA Vi—1.0 —
high P30 to P32, Vec=27Vto3.6V
voltage P90 to P93 —ly,=0.1 mA Vo —0.3 —
P82 to P84 ~loy = 1.0 MA Ve —1.0 —
Vee=27V1t03.6V
=l =0.1 mA V,—0.3 —
Output low V. P10 to P12, lo. = 0.4 mA — 0.5
voltage P30 to P32,
P90 to P93
P82 to P84 lo. =15 mA, — 1.0
Vec=27Vto3.6V
lo. =10 mA, — 0.5
Vec=22Vto3.6V
lo. =8 MA — 0.5
SCL, SDA lo,=3.0mA — 0.4
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Pull-up MOS
current

P

P10to P12,
P30 to P32,
P82 to P84,
P90 to P93

180

pA

Input
capacitance

CIN

All input pins
except power
supply pin

f=1MHz, —
V,=0V,
Ta =25°C

15.0

pF

Active mode
supply current

OPE1

VCC

Active (high- —
speed) mode,

Ve =18V,

fose =2 MHZz

osc

0.5

Active (high- —
speed) mode,

Ve =3V,

fsc =R

osc osc

0.6

Active (high- —
speed) mode,

Ve =3V,

fose = 4.2 MHz

osc

2.0

3.0

Active (high- —
speed) mode,

Ve =3V,

fose = 10 MHz

4.5

6.8

mA Ma

* Tk

10-

RENESAS
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Yosc' ¥ T

Active (medium-speed) — 0.5 0.7 *1x2
mode, 10-MI
V=3V,
f . =10 MHz,
$oe/64
Sleep mode g o V=18V, — 0.3 — mA  Max.
supply current fose = 2 MHZ =11
Ve =3V, — 1.0 1.5 * 1
fose = 4.2 MHz 4-MH
V=3V, — 1.8 2.7 *1x2
f oo =10 MHz 10-MI
Subactive lsus w V=18V, — 4.0 — pA  xT?
mode supply 32-kHz crystal resonator Refer
current (s = 6,/2)
V=27V, — 36 — * 1
32-kHz crystal resonator Refer
(¢sus = ¢w/8)
V=27V, — 7.4 — *1x2
32-kHz crystal resonator Refer
(¢SUB = ¢wl2)
V=27V, — 40 — *1%2
on-chip oscillator/32 Refer
(¢sua =0y = Rosclsz)
V=27V, — 13 25 *1x2
32-kHz crystal resonator
(Bsus = dw)
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Watch mode lwarcn Ve V=18V, — 0.4 — LA
supply current Ta =25°C,
32-kHz crystal
resonator
V=27V, — 1.5 5.0
32-kHz crystal
resonator
Standby mode |y, Ve Ve=3.0V, — 0.1 — pA
supply current Ta =25°C,
32-kHz crystal
resonator not used
32-kHz crystal — 1.0 5.0
resonator not used
RAM data Vi Ve 1.5 — — Vv
retaining
voltage
Permissible o Qutput pins — — 0.5 mA
output low except port 8
current Port 8 — — 150
(per pin)
Permissible 2o Output pins — — 200 mA
output low except port 8
current (total) Port 8 _ _ 45.0

RENESAS
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Active (high-speed) Vee Only CPU operates V. System cloc
mode (lope,) oscillator: Ci
Active (medium-speed) resonator
mode (lope,) Subclock os
Sleep mode Vee Only on-chip timers  V, Pin X1 = G
operate
Subactive mode Vee Only CPU operates V., System cloc
Subsleep mode - Only on-chip timers  V, oscillator: Ci
operate, CPU stops resonator
Watch mode Ve Only timer base v, CS)UthIO|Ck 0s
operates, CPU stops rystal reso
Standby mode Ve CPU and timers both V, System cloc
stop, SUBSTP =1 oscillator: C
resonator
Subclock os
Pin X1 = Cn
resonator

2. Excludes current in pull-up MOS transistors and output buffers.

3. When bits IRQ0S1 and IRQO0SO0 are set to B'01 or B'10, and bits IRQ1S1 and |

are set to B'01 or B'10, the maximum value is given V, + 0.3 (V).
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Item Symbol PFIns Test Condition Min. Typ. Max.  Unit
System clock fosc 0SC1,08C2 Vv, =27Vto36V 4.0 — 10.0 MHz
oscillation (10-MHz version)
frequency V,=18Vto36V 20  — 4.2
(4-MHz version)
OSC clock (dpse)  tose 0SC1,08C2 v, =27Vto36V 100 — 250 ns
cycle time (10-MHz version)
V,,=18Vto36V 238 — 500
(4-MHz version)
System clock (¢) 1t 1 — 64 tosc
cycle time V,=27Vt036V — — 16 us
(10-MHz version)
V,=18Vto36V — — 32
(4-MHz version)
On-chip oscillator  t.¢. 0.3 — 2.6 MHz
oscillation
frequency
On-chip oscillator ~ t.¢; 0.38 — 3.3 ps
clock cycle time
Subclock oscillator  f,, X1, X2 — 32.768 — kHz
oscillation or 38.4
frequency
Watch clock (¢,,) ty X1, X2 — 30.50r — us
cycle time 26.0
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Lrystal resonator - ouv ouv
(V,,=27V1t03.6V)
Crystal resonator — 600 1000
(Vo=22V1t03.6V)
Other than above — — 50 ms
On-chip At switching on —_ 15 25 ys
oscillator
X1, X2 V,=22Vto36V — — 2 s
Other than above — 4 —
External clock high t, 0OSCH1 V,,=27Vto36V 40 — — ns
width (10-MHz version)
V,=18Vto36V 95 — —
(4-MHz version)
X1 — 15.26 or — us
13.02
External clock low  tg, OSCH V,,=27Vto36V 40 — — ns
width (10-MHz version)
V,=18Vto36V 95 — —
(4-MHz version)
X1 —_ 15.26 or — us
13.02
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(4-\VIinz version)

X1 — — 55.0 ns
RES pin low width  t.. RES At switching on or t.+20 — — us
other than below Xt
Active mode or sleep 20 toe
mode
Input pin high width t, IRQO, IRQ1, 2 — — oo
NMI, IRQAEC, tuboye
ADTRG, FTCI,
FTIOA, FTIOB,
FTIOC, FTIOD
AEVL, AEVH Vv =27Vto36V 50 — — ns

(10-MHz version)

V,.=18Vto36V 110 — —
(4-MHz version)

Input pin low width t, IRQO, 1RQT, 2 — — t
NMI, IRQAEC,
ADTRG, FTCI,
FTIOA, FTIOB,
FTIOC, FTIOD

AEVL, AEVH Vv, =27Vto36V 50 — — ns
(10-MHz version)

cyc

subcyc

V,=18Vto36V 110 e —
(4-MHz version)

Notes: 1. Selected with the SA1 and SAO bits in the system control register 2 (SYSCR:
2. For details on the power-on reset characteristics, refer to table 21.21 and figu
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- bt hd
(clock synchronous) tubere

Receive data setup time taxs 400.0 — — ns Fi
(clock synchronous)

Receive data hold time b 4000 — — ns Fi
(clock synchronous)
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Clock faling ~ Master  t., SSCK — — 1 -
time Slave — — 1.0 us
Data input setup time [ SSO 1 — — -
SSi
Data input hold time t, SSO 1 — — -
SSI
SCS setup Slave t e SCS .+ — — ns
time 100
SCS hold Slave te SCS i, + — — ns
time 100
Data output delay time  t_, SSO — — 1 -
SSI
Slave access time tsa Ssi — — 1, .+ ns
100
Slave out release time  t_, SSI — — 1, + ns
100

RENESAS
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Pulse width of spike  t, — L1 ns
on SCL and SDA to

be suppressed

SDA input bus-free  t, 5t,, — ns
time

Start condition input  t_, 3t — ns
hold time

Repeated start toras 3t — ns
condition input setup

time

Stop condition input  t 3t,, — ns
setup time

Data-input setup time t ¢ 1, +20 — ns
Data-input hold time  t,, 0 — ns
Capacitive load of Cb 0 400 pF
SCL and SDA

Falling time of SCL  t — 300 ns
and SDA output
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supply voltage

Analog input AV, ANO to AN5 -0.3 — AV, V
voltage +0.3
Analog power Al AV, AV, =30V — — 1.0 mA
supply current Al AV, _ 600 — VA *
Refe
valu
Al sTOP2 AVcc - - 5 HA *
Analog input  C,, ANO to AN5 — — 15.0 pF
capacitance
Permissible R — — 10.0 kQ
signal source
impedance
Resolution — — 10 Bits
(data length)
Nonlinearity AV,,=27Vto36V — — +3.5 LSB Othe
error Vee=27V1t03.6V subc
AV, =20Vto36V — — 455 ope!
Vi=20Vto3.6V
Subclock operating — — +5.5 Sube
subs
conv
31/,
Other than above — — %75 *
Quantization — — +0.5 LSB
error

RENESAS
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Conversion AV, ,=27Vto36V 124 — 124 ps Syster
time Vi=27Vto3.6V oscilla
select
31 62 124 On-ch
is sele
Refere
(fHOSC =
— 807 — gus =
- 945 - ¢sus =
— 992 — s =
Refere
(fROSC =
Other than 295 — 124 Syster
AV, ,=27Vto36V oscilla
V,=27V1to3.6V select
31 62 124 On-chi
is sele
Refere
(fROSC =
— 807 — G =
— 945 — Ggus =
— 992 — G =
Refere
(fHOSC =
Notes: 1. Connect AV, to V. when the A/D converter is not used.
2. Alg,,, is the current flowing through the ladder resistor while the A/D convertet

3' AlSTOP2
ladder resistor while the A/D converter is idle.

4. Conversion time is 29.5 ps.

is the current flowing at a reset, in standby mode or watch mode, throug
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wit
res

Conversion time

External input reference

voltage

0.9

Internal resistance
compare voltage

0.9

Comparator input voltage

COMPO and COMP1 0.3

Ladder resistance

21.4.6 Watchdog Timer Characteristics

Table 21.20 shows the watchdog timer characteristics.

Table 21.20 Watchdog Timer Characteristics

V,.=18V1t036V,V, =0.0V, unlessotherwise specified.

Test Condition

nef
15 us
0.9 x Vg, \
26/30 x V,, V
AV, +03 V
— MQ  Re
val
Values

Typ. Max. Unit

Item Symbol
On-chip tove
oscillator

overflow time

0.4 — s

Note: * Indicates that the period from when the counter starts with 0 to when the coul
reaches 255 and an internal reset occurs while the on-chip oscillator is select
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Item Sympol Test Condition Min.  Typ. Max. Unit Notes
Reset voltage V_rst 0.7Vcc 0.8Vcec 0.9Vce V
Power supply t_vtr The Vcc rising time should be
rising time shorter than half the RES rising
time.
Reset count time  t_out 0.8 — 4.0 us
3.2 — 26.7 On-chip
is select
(referen
Count starttime  t_cr Adjustable by the value of the
external capacitor connected to
the RES pin.
Pull-up resistance R 60 100 — kQ
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A% I N o

Figure21.15 Clock Input Timing

tREL

Figure21.16 RES Low Width Timing

NMI, IRQO, IRQT,
ADTRG, IRQAEC
AEVL, AEVH,

FTCI, FTIOA to FTIOD

Figure21.17 Input Timing

SCK3

Figure21.18 SCK3Input Clock Timing
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I ¢ A X X

Note: * Output timing referenced levels

Output high Voy=1/2Vcc + 0.2 V
Output low Vo =08V
Load conditions are shown in figure 21.27.

Figure21.19 SCI3 Input/Output Timingin Clock Synchronous Maode

V,yorV,
SSCK IH OH

[\
e Y T

top -

> (inPUt) X_ : ::EX:

‘tSU* <—tH—>

Figure21.20 SSU Input/Output Timingin Clock Synchronous Mode
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SSI (input)

ral
ton "l I‘- top

|
S

——

X X

<-tSU-> <—tH—>

Figure21.21 SSU Input/Output Timing
(Four-Line Bus Communication M ode, Master, CPHS = 1)

SCS (output)

SSCK (output)
CPOS =1

SSCK (output)
CPOS =0

SSO (output)

SSI (input)

Vin or Voy
Vi or Vg,

<tH|->

[
]

bl [« o] [<tase
I pWaNs

<-tH|->

_\ <o
_J

1
L

WA VAW

~to™ —tsucve—»|

—O] ]

A

torr

|-

top~| |«

XL p
N 7

!

~tsor| [+t

Figure21.22 SSU Input/Output Timing
(Four-Line Bus Communication Mode, Master, CPHS = Q)
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/% I

SS (output) __Z

tsy "| |<- ty —

[

=

tsa

ton

>

top

¥
)

Figure21.23 SSU Input/Output Timing
(Four-Line Bus Communication Mode, Slave, CPHS = 1)

SCS (input)

SSCK (input)
CPOS =1

SSCK (input)
CPOS =0

SSO (input)

SSI (output)

_SS Vi or Voy
it ViorVo

— 7 :

[ tLEW ‘tHI"

| g

)

tFALL

<—tLo->

<ty

~t.6]

-

\

tsa™]

tsu>| |[=—1ty

tOD

Figure21.24 SSU Input/Output Timing
(Four-Line Bus Communication Mode, Slave, CPHS = 0)
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Note: * S, P, and Sr represent the following:
S: Start condition
P: Stop condition
Sr: Repeated start condition

Figure 21.25 1°C BusInterface Input/Output Timing

Internal reset

Figure21.26 Power-On Reset Circuit Reset Timing
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30 pF 12 kQ

Figure21.27 Output Load Condition

21.7 Recommended Resonators

(1) Recommended Crystal Resonators

Frequency (MHz) Manufacturer Part No.
4.194304 NIHON DEMPA KOGYO CO., LTD. NR-18
10 NIHON DEMPA KOGYO CO., LTD. NR-18

(2) Recommended Ceramic Resonators

Frequency (MHz) Manufacturer Part No.

2 Murata Manufacturing Co., Ltd. CSTCC2M00G53-B0
CSTCC2M00G56-B0

4.19 Murata Manufacturing Co., Ltd. CSTLS4M19G53-B0
CSTLS4M19G56-B0

10 Murata Manufacturing Co., Ltd. CSTLS10M0G53-B0

CSTLS10M0G56-BO

Figure21.28 Recommended Resonators
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General source register

Rn General register

ERd General destination register (address register or 32-bit register)

ERs General source register (address register or 32-bit register)

ERn General register (32-bit register)

(EAd) Destination operand

(EASs) Source operand

PC Program counter

SP Stack pointer

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

disp Displacement

- Transfer from the operand on the left to the operand on the right, or trans
the state on the left to the state on the right

+ Addition of the operands on both sides

- Subtraction of the operand on the right from the operand on the left

x Multiplication of the operands on both sides

+ Division of the operand on the left by the operand on the right

A Logical AND of the operands on both sides

v Logical OR of the operands on both sides

@ Logical exclusive OR of the operands on both sides

- NOT (logical complement)

(), <> Contents of operand

Note: General registers include 8-bit registers (ROH to R7H and ROL to R7L) and 16-bit

(RO to R7 and EO to E7).
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VIUV.D Nno, MU

mnoo — NUo

MOV.B @ERs, Rd

@ERs — Rd8

MOV.B @(d:16, ERs), Rd

@(d:16, ERs) — Rd8

MOV.B @(d:24, ERs), Rd

@(d:24, ERs) — Rd8

MOV.B @ERs+, Rd

W| 0 |W|W|T

@ERs — Rd8
ERs32+1 — ERs32

Ld Bad Bad Rxd K

Ld Bad Bad Rud K
o|lo|o|O|C

MOV.W @(d:16, ERs), Rd

@(d:16, ERs) — Rd16

MOV.W @(d:24, ERs), Rd

@(d:24, ERs) — Rd16

MOV.B @aa:8, Rd B @aa:8 — Rd8 T|2|o
MOV.B @aa:16, Rd B @aa:16 — Rd8 T)1T|o
MOV.B @aa:24, Rd B @aa:24 — Rd8 T(T|o
MOV.B Rs, @ERd B Rs8 — @ERd T(T]|o
MOV.B Rs, @(d:16, ERd) B Rs8 — @(d:16, ERd) T|T|o
MOV.B Rs, @(d:24, ERd) B Rs8 — @(d:24, ERd) T(T|o
MOV.B Rs, @—ERd B ERd32-1 — ERd32 T|T|o
Rs8 — @ERd

MOV.B Rs, @aa:8 B Rs8 — @aa:8 T|1T|o
MOV.B Rs, @aa:16 B Rs8 — @aa:16 T|T|o
MOV.B Rs, @aa:24 B Rs8 — @aa:24 T|T|o
MOV.W #xx:16, Rd w #xx:16 — Rd16 T(T]|o
MOV.W Rs, Rd w Rs16 — Rd16 T(T]|o
MOV.W @ERs, Rd w @ERs — Rd16 T(T|o

w T(T|o

w (T o

w T|T|o

MOV.W @ERs+, Rd

@ERs — Rd16
ERs32+2 —» @ERd32

MOV.W @aa:16, Rd

@aa:16 — Rd16

MOV.W @aa:24, Rd

@aa:24 — Rd16

MOV.W Rs, @ERd

Rs16 — @ERd

MOV.W Rs, @(d:16, ERd)

Rs16 — @(d:16, ERd)

MOV.W Rs, @(d:24, ERd)

z|=2|g|=2|=

Rs16 — @(d:24, ERd)

Ld Bad Bd Bud Kad

Ld Bad Bad Bad Kad
o|lo|o|o|oO
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MOV.L ERs, ERd L ERs32 — ERd32 —|—1T|T|0
MOV.L @ERs, ERd L @ERs — ERd32 —|—|T[T|o0
MOV.L @(d:16, ERs), ERd | L 6 @(d:16, ERs) — ERd32 —|—|T|T|o0
MOV.L @(d:24, ERs), ERd | L 10 @(d:24, ERs) — ERd32 —|—|T|%|o0
MOV.L @ERs+, ERd L @ERs — ERd32 —|[—|T|T]|o
ERs32+4 — ERs32
MOV.L @aa:16, ERd L @aa:16 — ERd32 —|—|T|T|o0
MOV.L @aa:24, ERd L @aa:24 — ERd32 —|—|T|%|o0
MOV.L ERs, @ERd L ERs32 — @ERd —[—|T[T]|o
MOV.L ERs, @(d:16, ERd) | L 6 ERs32 — @(d:16, ERd) —|—|T|%|o0
MOV.L ERs, @(d:24, ERd) | L 10 ERs32 — @(d:24, ERd) —|—|T|T|o
MOV.L ERs, @-ERd L ERd32-4 — ERd32 —[—|T|T]|o
ERs32 —» @ERd
MOV.L ERs, @aa:16 L ERs32 - @aa:16 —|—[T]T o0
MOV.L ERs, @aa:24 L ERs32 - @aa:24 — =TT |0
POP POP.W Rn w @SP - Rn16 —[—|T[T]|o
SP+2 — SP
POP.L ERn L @SP — ERn32 —[—|T[T]|o
SP+4 — SP
PUSH [PUSH.W Rn w SP-2 - SP —l—=121l2 o
Rn16 —» @SP
PUSH.L ERn L SP-4 - SP —|—(T[T]o
ERn32 - @SP
MOVFPE |MOVFPE @aa:16, Rd B Cannot be used in Cannot be used in
this LSI this LSI
MOVTPE |MOVTPE Rs, @aa:16 B Cannot be used in Cannot be used in
this LSI this LS|
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ADD.W Rs, Ra W 2 RA16+Rs16 — RA16 ML 4
ADD.L #xx:32, ERd L ERd32+#xx:32 — @(T]T|7T
ERd32
ADD.L ERs, ERd L 2 ERd32+ERs32 — @T]|T]|2
ERd32
ADDX |ADDX.B #xx:8, Rd B Rd8+#xx:8 +C — Rd8 T1T10]|T
ADDX.B Rs, Rd B 2 Rd8+Rs8 +C — Rd8 T1T(@|°
ADDS |ADDS.L #1, ERd L 2 ERd32+1 — ERd32 R [ i
ADDS.L #2, ERd L 2 ERd32+2 — ERd32 ——=—=]-
ADDS.L #4, ERd L 2 ERd32+4 — ERd32 — ===
INC |INC.BRd B 2 Rd8+1 — Rd8 —|T(T|T
INC.W #1, Rd w 2 Rd16+1 — Rd16 —|T(T2
INC.W #2, Rd w 2 Rd16+2 — Rd16 —|T(T|T
INC.L #1, ERd L 2 ERd32+1 — ERd32 —|T(T|T
INC.L #2, ERd L 2 ERd32+2 — ERd32 A
DAA |DAA Rd B 2 Rd8 decimal adjust L RO RO I
— Rd8
SUB [SUB.BRs, Rd B 2 Rd8-Rs8 — Rd8 T2
SUB.W #xx:16, Rd w Rd16-#xx:16 — Rd16 Mm{T|T|?T
SUB.W Rs, Rd w 2 Rd16-Rs16 — Rd16 MmT|T|T
SUB.L #xx:32, ERd L ERd32-#xx:32 — ERd32 @772
SUB.L ERs, ERd L 2 ERd32-ERs32 — ERd32 @|T(T|2
SUBX |SUBX.B #xx:8, Rd B Rd8-#xx:8-C — Rd8 T1T10]|T
SUBX.B Rs, Rd B 2 Rd8-Rs8-C — Rd8 T1T10]|T
SUBS [SUBS.L #1, ERd L 2 ERd32-1 — ERd32 —|—=—=]—
SUBS.L #2, ERd L 2 ERd32-2 — ERd32 —|—=—=]-
SUBS.L #4, ERd L 2 ERd32-4 — ERd32 R [ i
DEC |DEC.BRd B 2 Rd8-1 — Rd8 —|T(T|2
DEC.W #1, Rd w 2 Rd16-1 — Rd16 —|T(T|T
DEC.W #2, Rd w 2 Rd16-2 — Rd16 —|T(T|T
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(unsigned multplication)

MULXU. W Rs, ERd W Rd16 x Rs16 — ERd32 —|—|—]—
(unsigned multiplication)
MULXS|MULXS. B Rs, Rd B Rd8 x Rs8 — Rd16 —|2|T|—
(signed multiplication)
MULXS. W Rs, ERd W Rd16 x Rs16 — ERd32 —[T|T |-
(signed multiplication)
DIVXU [DIVXU. B Rs, Rd B Rd16 + Rs8 — Rd16 —|®) (7| —
(RdH: remainder,
RdL: quotient)
(unsigned division)
DIVXU. W Rs, ERd W ERd32 + Rs16 — ERd32 — @) || —
(Ed: remainder,
Rd: quotient)
(unsigned division)
DIVXS [DIVXS. B Rs, Rd B Rd16 + Rs8 — Rd16 — @[] —
(RdH: remainder,
RdL: quotient)
(signed division)
DIVXS. W Rs, ERd w ERd32 + Rs16 — ERd32 — @[] —
(Ed: remainder,
Rd: quotient)
(signed division)

CMP [CMP.B #xx:8, Rd B Rd8-#xx:8 0N ON RO I
CMP.B Rs, Rd B Rd8-Rs8 TIT|T|T
CMP.W #xx:16, Rd w Rd16-#xx:16 Mm|TIT|T
CMP.W Rs, Rd w Rd16-Rs16 Mm|TIT|T
CMP.L #xx:32, ERd L ERd32—#xx:32 @|T|T]|?T
CMP.L ERs, ERd L ERd32-ERs32 @|T|T]|?T
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EXTU.L ERd 0 — (<bits 31 to 16> Tlo
of ERd32)
EXTS |EXTS.W Rd (<bit 7> of Rd16) — Tlo
(<bits 15 to 8> of Rd16)
EXTS.L ERd (<bit 15> of ERd32) — Tlo
(<bits 31 to 16> of
ERd32)
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AND.W Rs, Ra W 2 RA16ARS16 — RA16 R
AND.L #xx:32, ERd L ERd32A#xx:32 — ERd32 T|T|o
AND.L ERs, ERd L 4 ERA32AERs32 — ERd32 T|T|o
OR |OR.B #xx:8, Rd B Rd84xx:8 — Rd8 T|T1o
OR.B Rs, Rd B 2 Rd8Rs8 — Rd8 T|T|o
OR.W #xx:16, Rd w Rd16v#xx:16 — Rd16 T|T|o
OR.W Rs, Rd w 2 Rd16vRs16 — Rd16 T|T|o
OR.L #xx:32, ERd L ERd32v#xx:32 — ERd32 TiT]|o
OR.L ERs, ERd L 4 ERd32vERs32 — ERd32 T|T|o
XOR [XOR.B #xx:8, Rd B Rd8®#xx:8 — Rd8 T(T]o
XOR.B Rs, Rd B 2 Rd8®Rs8 — Rd8 T{T]|o
XOR.W #xx:16, Rd W Rd16®#xx:16 — Rd16 T(T]o
XOR.W Rs, Rd w 2 Rd16®Rs16 — Rd16 Ti{T]|o
XOR.L #xx:32, ERd L ERd32@®#xx:32 — ERd32 T{T|o
XOR.L ERs, ERd L 4 ERA32®ERs32 — ERd32 T{T]|o
NOT [NOT.BRd B 2 - Rd8 — Rd8 T{T]|o
NOT.W Rd w 2 - Rd16 — Rd16 T{T]|o
NOT.L ERd L 2 - Rd32 — Rd32 Ti{T]|o
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SHAR [oHFAR.B Rd B 2 —|—]|14d (L]0
SHAR.W Rd w 2 l_ —=TzT1z 7o
SHAR.L ERd L 2 vSB LSB —[=Tz1z1o

SHLL |SHLL.B Rd B 2 —[=Tz]z 7o
SHLL.W Rd w 2 I —[=]zlz7o
SHLL.L ERd L 2 mSB LB [—[—[2]2]o0

SHLR |SHLR.B Rd B 2 —=lzs1z7o
SHLR.W Rd wl |2 o~ ] 111zl
SHLR.L ERd L 2 MSB LsB [ B

ROTXL [ROTXL.B Rd B 2 —[=Tz]z 7o
ROTXL.W Rd w 2 |II =1t 11 o
ROTXL.L ERd L 2 MSB<~——1LsB [—|_[1]1 o0

ROTXR|ROTXR.B Rd B 2 —|=lslz7o
ROTXR.W Rd w 2 I|| =Ttz o
ROTXR.L ERd L 2 MSB —* LSB I

ROTL |ROTL.BRd B 2 —[=]z1z7o
ROTL.W Rd w 2 ;. —[=]z1z7o
ROTL.L ERd L 2 mMsB +——1sB [_[_[sz2 0

ROTR |ROTR.B Rd B 2 —[=Tz]z 7o
ROTR.W Rd w 2 l;] —[=]z1z7o
ROTR.L ERd L 2 MSB — LSB —[=]zlz]o0

RENESAS
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BsEl Rn, RA

RANG of RAY) < 1

BSET Rn, @ERd

Rn8 of @ERd) « 1

BSET Rn, @aa:8

Rn8 of @aa:8) « 1

BCLR

BCLR #xx:3, Rd

BCLR #xx:3, @ERd

#xx:3 of @ERd) « 0

BCLR #xx:3, @aa:8

#xx:3 of @aa:8) « 0

BCLR Rn, Rd

(
(
(
(#xx:3 of Rd8) « 0
(
(
(

Rn8 of Rd8) « 0

BCLR Rn, @ERd

(Rn8 of @ERd) « 0

BCLR Rn, @aa:8

(Rn8 of @aa:8) < 0

BNOT

BNOT #xx:3, Rd

0| 0|0 |0 | 0|00 0|0 ®

(#xx:3 of Rd8) «
= (#xx:3 of Rd8)

BNOT #xx:3, @ERd

(#xx:3 of @ERd) «
- (#xx:3 of @ERd)

BNOT #xx:3, @aa:8

(#xx:3 of @aa:8) «
- (#xx:3 of @aa:8)

BNOT Rn, Rd

(Rn8 of Rd8) «
- (Rn8 of Rd8)

BNOT Rn, @ERd

(Rn8 of @ERd) «
- (Rn8 of @ERd)

BNOT Rn, @aa:8

(Rn8 of @aa:8) «
- (Rn8 of @aa:8)

BTST

BTST #xx:3, Rd

- (#xx:3 of Rd8) — Z

BTST #xx:3, @ERd

- (#xx:3 of @ERd) — Z

BTST #xx:3, @aa:8

- (#xx:3 of @aa:8) —» Z

BTST Rn, Rd

- (Rn8 of @Rd8) — Z

BTST Rn, @ERd

- (Rn8 of @ERd) — Z

BTST Rn, @aa:8

- (Rn8 of @aa:8) —» Z

L d Bad Red Rad Bad Kd

BLD

BLD #xx:3, Rd

0| 0|0 |0 || @@

(#xx:3 of Rd8) — C
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BST

BST #xx:3, Rd

C — (#xx:3 of Rd8)

BST #xx:3, @ERd

C — (#xx:3 of @ERd24)

BST #xx:3, @aa:8

C — (#xx:3 of @aa:8)

BIST

BIST #xx:3, Rd

- C — (#xx:3 of Rd8)

BIST #xx:3, @ERd

- C — (#xx:3 of @ERd24)

BIST #xx:3, @aa:8

- C — (#xx:3 of @aa:8)

BAND

BAND #xx:3, Rd

CA(#xx:3 of Rd8) — C

BAND #xx:3, @ERd

CAa(#xx:3 of @ERd24) — C

BAND #xx:3, @aa:8

CA(#xx:3 of @aa:8) > C

BIAND

BIAND #xx:3, Rd

Ch - (#xx:3 of Rd8) — C

BIAND #xx:3, @ERd

Ch - (#xx:3 of @ERd24) — C

BIAND #xx:3, @aa:8

Ch = (#xx:3 of @aa:8) - C

BOR

BOR #xx:3, Rd

Cv(#xx:3 of Rd8) —» C

BOR #xx:3, @ERd

Cv(#xx:3 of @ERd24) —» C

BOR #xx:3, @aa:8

Cv(#xx:3 of @aa:8) > C

BIOR

BIOR #xx:3, Rd

Cv = (#xx:3 of Rd8) — C

BIOR #xx:3, @ERd

Cv = (#xx:3 of @ERd24) — C

BIOR #xx:3, @aa:8

Cv = (#xx:3 of @aa:8) - C

BXOR

BXOR #xx:3, Rd

Co(#xx:3 of Rd8) - C

BXOR #xx:3, @ERd

Ca(#xx:3 of @ERd24) — C

BXOR #xx:3, @aa:8

Co(#xx:3 of @aa:8) - C

BIXOR

BIXOR #xx:3, Rd

C® - (#xx:3 of Rd8) —» C

BIXOR #xx:3, @ERd

C® - (#xx:3 of @ERA24) — C

BIXOR #xx:3, @aa:8

0| 0|0 || 0| WD OD |0 |0 |0 | 0|00 OD|0|0 |0 | 0| 00|00 |@

C® - (#xx:3 of @aa:8) > C
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BRN di16 (BF di10) — 4

BHI d:8 — 2 CvZ=0
BHI d:16 — 4

BLS d:8 — 2 CvzZ=1
BLS d:16 — 4

BCC d:8 (BHS d:8) — 2 c=0
BCC d:16 (BHS d:16) — 4

BCS d:8 (BLO d:8) — 2 cC=1
BCS d:16 (BLO d:16) — 4

BNE d:8 — 2 Z=0
BNE d:16 — 4

BEQd:8 — 2 Z=1
BEQd:16 — 4

BVC d:8 — 2 V=0
BVC d:16 — 4

BVS d:8 — 2 V=1
BVS d:16 — 4

BPL d:8 — 2 N=0
BPL d:16 — 4

BMI d:8 — 2 N=1
BMI d:16 — 4

BGE d:8 — 2 NeV =0
BGE d:16 — 4

BLT d:8 — 2 NeV =1
BLT d:16 — 4

BGT d:8 — 2 Zv (NeV) =0
BGT d:16 — 4

BLE d:8 — 2 Zv (NeV) =1
BLE d:16 — 4
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BSR d:16 4 PC —» @-SP — =
PC « PC+d:16
JSR [JSR @ERn PC —» @-SP — =
PC < ERn
JSR @aa:24 4 PC —» @-SP — =
PC « aa:24
JSR @ @aa:8 2 PC —» @-SP — =
PC « @aa:8
RTS [RTS 2 |PC « @SP+ — =
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PC « @SP+

SLEEP |SLEEP — Transition to power- .
down state
LDC |LDC #xx:8, CCR B #x0¢8 = CCR Tjrryege
LDC Rs, CCR B Rs8 - CCR e
LDC @ERs, CCR w 4 @ERs - CCR rjrryege
LDC @(d:16, ERs), CCR | W 6 @(d:16. ERs) > CCR rjr|ryege
LDC @(d:24, ERs), CCR | W 10 @(d:24, ERs) - CCR T[T |T]|?
LDC @ERs+, CCR w @ERs - CCR slelels e
ERs32+2 — ERs32
LDC @aa:16, CCR w @aa:16 - CCR tir)r|re
LDC @aa:24, CCR w @aa:24 - CCR tir)r|Te
STC |STC CCR, Rd B CCR — Rds — ===
STC CCR, @ERd w 4 CCR - @ERd — = l=l==
STC CCR, @(d:16, ERd) " 6 CCR — @(d:16, ERd) — |||
STC CCR, @(d:24, ERd) " 10 CCR — @(d:24, ERd) — |||~
STC CCR, @—-ERd w ERd32-2 - ERd32 ol el el el e
CCR — @ERd
STC CCR, @aa:16 w CCR - @aa:16 —|==l==
STC CCR, @aa:24 w CCR - @aa:24 gl il Bl il
ANDC |ANDC #xx:8, CCR B CCRn#xx:8 - CCR TII[T[T|7
ORC |ORC #xx:8, CCR B CCRv#xx:8 — CCR T e
XORC |XORC #xx:8, CCR B CCR@®#xx:8 - CCR Tjrrjre
NOP |NOP — PC  PC+2 el el el
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R4L-1 — R4L
until R4L=0
else next

EEPMOV. W —

N

if R4 = 0 then — ===
repeat @R5 — @R6
R5+1 — R5
R6+1 — R6
R4-1 —» R4
until R4=0
else next

Notes: 1. The number of states in cases where the instruction code and its operands al
in on-chip memory is shown here. For other cases, see appendix A.3, Numbe
Execution States.

2. nisthe value set in register R4L or R4.
(1) Setto 1 when a carry or borrow occurs at bit 11; otherwise cleared to 0.
) Setto 1 when a carry or borrow occurs at bit 27; otherwise cleared to 0.
) Retains its previous value when the result is zero; otherwise cleared to 0.
(4) Setto 1 when the adjustment produces a carry; otherwise retains its prev
)

The number of states required for execution of an instruction that transfer
synchronization with the E clock is variable.

(6) Setto 1 when the divisor is negative; otherwise cleared to 0.
(7) Setto 1 when the divisor is zero; otherwise cleared to 0.
(8) Setto 1 when the quotient is negative; otherwise cleared to 0.
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€
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anvy HOX H0 ans dNO aav AOW 24
anvy HOX dH0 ans dNO aav AOW 6L
\d 7 dg 7 SAg 7 ong 034 aNg Sielc] 004 sT4g IHg Ndg vd4g 8G
sva El
sdans 03a 03d sdans al
03a Yi
AN 93N nix3 7 7 nix3 7 1ON 1ON L)
od d104d dXx104d dXx104d €l
od 1L0H X104 X104 ck
HS HYHS dTHS H1HS L
HS IVHS TIHS TIHS Ok
vva 40
7 saav ONI 7 7 ONI 7 saav g0
ONI Y0
d33is 0L1S/0an NOW 10

d 7 \4 7 6 8 L 7 9 7 g 14 € 7 4 7 8 0 Im_._< HY/

18 [HE | IV [HY
kg pug | aMhq st ©9Pp02 uonINIISU|
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BSET #0, @FFO0

From table A .4:
I=L=2, J=K=M=N=0

From table A.3:
S =2, S_ =2

Number of states required for execution=2x2+2x2=8

When instruction is fetched from on-chip ROM, branch address is read from on-chip RC
on-chip RAM is used for stack area.

JSR @@ 30

From table A .4:
1=2, J=K=1, L=M=N=0

From table A.3:
S=§5=5=2

Number of states required for execution=2x2+1x2+1x2=8
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Note: * Depends on which on-chip peripheral module is accessed. See section 20.1, F
Addresses (Address Order).
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ADDX

ADDX #xx:8, Rd
ADDX Rs, Rd

AND

AND.B #xx:8, Rd
AND.B Rs, Rd
AND.W #xx:16, Rd
AND.W Rs, Rd
AND.L #xx:32, ERd
AND.L ERs, ERd

N w

ANDC

ANDC #xx:8, CCR

-y

BAND

BAND #xx:3, Rd
BAND #xx:3, @ERd
BAND #xx:3, @aa:8

Bcc

BRA d:8 (BT d:8)
BRN d:8 (BF d:8)
BHI d:8

BLS d:8

BCC d:8 (BHS d:8)
BCS d:8 (BLO d:8)
BNE d:8

BEQ d:8

BVC d:8

BVS d:8

BPL d:8

BMI d:8

BGE d:8

[XCJ \C T \C TR \C TR O G R S R S e\ I \° I\ \C I B \ T v}

RENESAS
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DLo U.10(bLU U.10)

BNE d:16

<

2

BEQd:16 2

BVC d:16 2

BVS d:16 2

BPL d:16 2

BMI d:16 2

BGE d:16 2

BLT d:16 2

BGT d:16 2

BLE d:16 2

BCLR BCLR #xx:3, Rd 1
BCLR #xx:3, @ERd 2

BCLR #xx:3, @aa:8 2

BCLR Rn, Rd 1

BCLR Rn, @ERd 2

BCLR Rn, @aa:8 2

BIAND BIAND #xx:3, Rd 1
BIAND #xx:3, @ERd 2

BIAND #xx:3, @aa:8 2

BILD BILD #xx:3, Rd 1
BILD #xx:3, @ERd 2

BILD #xx:3, @aa:8 2
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BIAUR #XX!5, @aa.o

BLD

BLD #xx:3, Rd
BLD #xx:3, @ERd
BLD #xx:3, @aa:8

NN

BNOT

BNOT #xx:3, Rd
BNOT #xx:3, @ERd
BNOT #xx:3, @aa:8
BNOT Rn, Rd
BNOT Rn, @ERd
BNOT Rn, @aa:8

[\CIE \V]

NN

BOR

BOR #xx:3, Rd
BOR #xx:3, @ERd
BOR #xx:3, @aa:8

NN

BSET

BSET #xx:3, Rd
BSET #xx:3, @ERd
BSET #xx:3, @aa:8
BSET Rn, Rd
BSET Rn, @ERd
BSET Rn, @aa:8

[\SIEN \V]

BSR

BSR d:8
BSR d:16

N NN

BST

BST #xx:3, Rd
BST #xx:3, @ERd
BST #xx:3, @aa:8

ST

RENESAS
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DBAUR #XX.9, €aa.o < |

CMP CMP.B #xx:8, Rd 1
CMP.B Rs, Rd 1
CMP.W #xx:16, Rd 2
CMP.W Rs, Rd 1
CMP.L #xx:32, ERd 3
CMP.L ERs, ERd 1
DAA DAA Rd 1
DAS DAS Rd 1
DEC DEC.B Rd 1
DEC.W #1/2, Rd 1
DEC.L #1/2, ERd 1
DIVXS DIVXS.B Rs, Rd 2
DIVXS.W Rs, ERd 2
DIVXU DIVXU.B Rs, Rd 1

DIVXU.W Rs, ERd

e

EEPMOV  EEPMOV.B 2 2n+2*’
EEPMOV.W 2 2n+2*'
EXTS EXTS.W Rd 1
EXTS.L ERd 1
EXTU EXTU.W Rd 1
EXTU.L ERd 1
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Joh @@aao

LDC

LDC #xx:8, CCR

LDC Rs, CCR
LDC@ERs, CCR
LDC@(d:16, ERs), CCR
LDC@(d:24,ERs), CCR
LDC@ERs+, CCR
LDC@aa:16, CCR
LDC@aa:24, CCR

Mov

MOV.B #xx:8, Rd

MOV.B Rs, Rd

MOV.B @ERs, Rd
MOV.B @(d:16, ERs), Rd
MOV.B @(d:24, ERs), Rd
MOV.B @ERs+, Rd
MOV.B @aa:8, Rd
MOV.B @aa:16, Rd
MOV.B @aa:24, Rd
MOV.B Rs, @Erd
MOV.B Rs, @(d:16, ERd)
MOV.B Rs, @(d:24, ERd)
MOV.B Rs, @-ERd
MOV.B Rs, @aa:8

- DN

-

w N

A~ N

RENESAS
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NMIUV.VV &2 ad. 10, nU <
MOV.W @aa:24, Rd
MOV.W Rs, @ERd
MOV.W Rs, @(d:16,ERd)
MOV.W Rs, @(d:24,ERd)
MOV.W Rs, @-ERd
MOV.W Rs, @aa:16
MOV.W Rs, @aa:24
MOV.L #xx:32, ERd
MOV.L ERs, ERd

MOV.L @ERs, ERd
MOV.L @(d:16,ERs), ERd
MOV.L @(d:24,ERs), ERd
MOV.L @ERs+, ERd
MOV.L @aa:16, ERd
MOV.L @aa:24, ERd
MOV.L ERs,@ERd
MOV.L ERs, @(d:16,ERd)
MOV.L ERs, @(d:24,ERd)
MOV.L ERs, @-ERd
MOV.L ERs, @aa:16
MOV.L ERs, @aa:24

i I\ R V)

- W w N

MOVFPE  MOVFPE @aa:16, Rd**

NN WO D O WO N D O N G W N

MOVTPE  MOVTPE Rs,@aa:16**

SN \C R \C TR \C R \C R \C R \C R \C I \C B OB S V)
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NOT

NOT.B Rd
NOT.W Rd
NOT.L ERd

OR

OR.B #xx:8, Rd
OR.B Rs, Rd
OR.W #xx:16, Rd
OR.W Rs, Rd
OR.L #xx:32, ERd
OR.LERs, ERd

ORC

ORC #xx:8, CCR

POP

POP.W Rn
POP.L ERn

PUSH

PUSH.W Rn
PUSH.L ERn

ROTL

ROTL.B Rd
ROTL.W Rd
ROTL.L ERd

ROTR

ROTR.B Rd
ROTR.W Rd
ROTR.L ERd

ROTXL

ROTXL.B Rd
ROTXL.W Rd
ROTXL.L ERd

RENESAS
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SHAR SHAR.B Rd 1

SHAR.W Rd 1
SHAR.L ERd 1
SHLL SHLL.B Rd 1
SHLL.W Rd 1
SHLL.L ERd 1
SHLR SHLR.B Rd 1
SHLR.W Rd 1
SHLR.L ERd 1
SLEEP SLEEP 1
STC STC CCR, Rd 1
STC CCR, @ERd 2
STC CCR, @(d:16,ERd) 3
STC CCR, @(d:24,ERd) 5
STC CCR,@-ERd 2
STC CCR, @aa:16 3
STC CCR, @aa:24 4
SUB SUB.B Rs, Rd 1
SUB.W #xx:16, Rd 2
SUB.W Rs, Rd 1
SUB.L #xx:32, ERd 3
SUB.L ERs, ERd 1
SUBS SUBS #1/2/4, ERd 1
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AUR.L ERS, ERA z

XORC XORC #xx:8, CCR 1

Notes: 1. n: Specified value in R4L and R4. The source and destination operands are ¢
n+1 times respectively.

2. It cannot be used in this LSI.
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Instructions

MOVFPE, [ [N (NI [ [ — — | =

MOVTPE
Arithmetic ADD, CMP BWLIBWL| — | — | — | — — | =
operations SuB WL lBWLl — | — [ — [ = —

ADDX, SUBX B B B I [ p— — | =

ADDS, SUBS — L B I [ p— — | —

INC, DEC — |IBWL| — | — | — | — — | =

DAA, DAS — B B I [ p— — | =

MULXU, — |BW| — | — | — | — — | —

MULXS,

DIVXU,

DIVXS

NEG — |IBWL| — | — | — | — — | =

EXTU, EXTS — |WL| — | — | — | — — | =
Logical AND, OR, XOR — |IBWL| — | — | — | — — | =
operations NOT — BwL| — | — | — | — — | —
Shift operations — [BWL| — | — | — | — — | —
Bit manipulations — B B — — —_ _ _
Branching BCC, BSR [ [N (I [ S — — | =
instructions JMP, JSR — O — | | — —

RTS [ [N (NI [ [ — — 1O
System TRAPA [ [N (U [ [ — — | =
control RTE — — N R —
instructions

SLEEP [ [N (NI [ S — — | —

LDC B B W | W| W/ | W W | W

STC — B W | W | W| W W | W

ANDC, ORC, B — | = = = | = — | =

XORC

NOP — — | = = | = —_ | =
Block data transfer instructions — — — | = = | — — | —
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PDR1:
PCR1:
PMR1:
PUCRT:

Port data register 1

| o

CH s

©

PDR12 g

[}

=

Vss
— PCR12
VvV

AEC
I ! IRQ
Port control register 1 ) : =
Port mode register 1 < AEC

Port pull-up control register 1

FigureB.1(a)

Port 1 Block Diagram (P12)

RENESAS
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PDR11 |
PCR11 |
g >

AECh
%@ > AEVI
Timer
d 7) > FTCI
°)9‘ > TRQ1

PDR1: Port data register 1

PCR1: Port control register 1

PMR1: Port mode register 1

PUCR1: Port pull-up control register 1
PFCR : Pin function control register

FigureB.1(b) Port 1 Block Diagram (P11)
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el T —
| PDR10 [
Vss
17| PCR10 [
1> >
FTIOA
WATCH .
)ig
AEC mod.
)y I AEVH
RTC mod
<— | TMOW
PDR1: Port data registeri |  CTTomoT
PCR1: Port control register 1 CLKOUT

PUCR1: Port pull-up control register 1 oosc/4
WATCH: Watch mode

PMR1: Port mode register 1 < ((DOSC, 90s

FigureB.1(c) Port 1 Block Diagram (P10)
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Vss
PCR32 |+
vV

PDRS3: Port data register 3

PCR3: Port control register 3
PUCRS: Port pull-up control register 3
SPCR: Serial port control register

FigureB.2 (a) Port 3 Block Diagram (P32)
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Vss

PCR31 [+

—
&

PDR3: Port data register 3

PCRS3: Port control register 3
PUCRS: Port pull-up control register 3
SPCR: Serial port control register

Internal

SPCR

(SCINVO)[™ >

FigureB.2 (b)

Port 3 Block Diagram (P31)

RENESAS
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T | IRQOSO) |

Internal

P30
PDR30 [

Vss

A

PCR30

A\

Slz—|\<| Comparato
ot

PDRS3: Port data register 3

PCR3: Port control register 3
PMR3: Port mode register 3
PUCRS3: Port pull-up control register 3

FigureB.2(c) Port 3 Block Diagram (P30)
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Vss

>

PCR8n

WATCH

PDR8: Port data register 8

PCR8:  Port control register 8
PUCRS: Port pull-up control register 8
WATCH: Watch mode

n=4to2

FigureB.3 (a)

Port 8 Block Diagram (P84 to P82)

RENESAS
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— PCR93 |[<+—

> -
<+—{ SSI output

_D—> SSlinput
4@—> RO

PDR9: Port data register 9 Note: When the SSUS bit in PFCR is 1, the St
PCR9: Port control register 9 switched to the SCS pin.

PODR9: Port open-drain control register 9

PUCRO: Port pull-up control register 9

FigureB.4 (a) Port 9 Block Diagram (P93)
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— PCR92 [

< SSO outp

—CD—> SSO input
—C@—>_IHQ0

PDR9: Port data register 9 Note: When the SSUS bit in PFCR is 1, the S
PCR9: Port control register 9 switched to the SSCK pin.

PODR9: Port open-drain control register 9

PUCR: Port pull-up control register 9

FigureB.4 (b) Port 9 Block Diagram (P92)
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+— PCR91 [=—

1> =
SSCK outpt
!U)—> SSCK input
11IC2 bus mo
£=  P— - ICE
Vv < SDAO
ss g
1) »| SDAI
PDR9: Port data register 9 Note: Priority: SSU pin > [IC2 pin > P91
PCR9: Port control register 9 When the SSUS bit in PFCR is 1, the SSC
PODRY: Port open-drain control register 9 switched to the SSO pin.

PUCRO: Port pull-up control register 9

FigureB.4(c) Port 9 Block Diagram (P91)
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vss
— PCR90 [
1> >
SCS outy
!U)—> SCS inpL
1IC2 bus
£=  P— <—|ICE
<—|SCLO
Vss
|U; »| SCLI
PDR9: Port data register 9 Note: Priority: SSU pin > 1IC2 pin > P90 _
PCR9: Port control register 9 When the SSUS bit in PFCR is 1, the S
PODRY: Port open-drain control register 9 switched to the SSI pin.

PUCRO: Port pull-up control register 9

FigureB.4(d) Port 9 Block Diagram (P90)
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el '
(X », Vin

o L

n=50r4 m=1o0r0

FigureB.5(a) Port B Block Diagram (PB5 or PB4)

PBn D > >

Internal data bus

| AVRS3
o< DEC Ke———— AMRoO
[ ] >, Vin

n=3or2

FigureB.5 (b) Port B Block Diagram (PB3 or PB2)
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| AMR
g°<]7 DEC Ke—— AmR
5 > Vin

PMRB: Port mode register B
PFCR: Pin function control register

n=1or0

FigureB.5(c) Port B Block Diagram (PB1 or PBO)
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impedance impedance* '*?

P93 to P90 High Retained Retained High Functions  Functions
impedance impedance*'**

PB5 to High High High High High High

PBO impedance impedance impedance impedance*' impedance impedance

Notes: 1. Registers are retained and output level is high impedance.
2. High-level output when the pull-up MOS is turned on.
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A et At AL B b
01 then 01 input
01 Other IRQ1IN SSCK P91 |
then 01 input input
1 0 0 Other then | Other P931/0 |SSO SSCI
(Transmit) (11C2 not 01 then 01 output input
used) o1 Other  |IRQIN |sso  |ssc
then 01 input output input
Other then | Other P931/0 |SSCK SSO
01 then 01 input outpt
01 Other IRQIN  [SSCK SSO
then 01 input input outpl
1 1 0 Other then | Other SSlinput | SSO SSCl
(Transmit) | (Receive) [ (IIC2 not 01 then 01 output input
used) Otherthen [Other  |P931/0 [SSCK  [SSO
01 then 01 input outpl
01 Other IRQIN [SSCK SSO
then 01 input input outpt
Rev. 3.00 May 15, 2007 Pag
RENESAS REJOS



(Transmit) (I1C2 not 01 then 01 output output
used) o1 other  |IRQIN [sso  |ssck
then 01 input output output
Other then | Other P931/0 [SSCK SSO
01 then 01 output output
01 Other IRQIN  [SSCK SSO
then 01 input output output
1 1 0 Other then | Other SSlinput | SSO SSCK
(Transmit) | (Receive) [ (IIC2 not 01 then 01 output output
used) Other then | Other P931/0 [SSCK [SSO
01 then 01 output output
01 Other IRQIN [SSCK SSO
then 01 input output output
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then 01 output |input in
Other Other SCS SSCK | P
then 01 then 01 input input

1 1 0 Other Other SSI SSO S!
(Transmit) | (Receive) | (IIC2 not then 01 then 01 output |input in
used) Other  |Other |sCs |ssck |s
then 01 then 01 input input in
1 0 1 0 Other Other SSI P92 1/0 |S:
(Master) (Receive) | (IIC2 not then 01 then 01 input oL
used) Other |01 ssl IRQON |
then 01 input input oL
Other Other SCS SSCK | P

then 01 then 01 output | output
1 0 0 Other Other P93 1/0 | SSO S
(Transmit) (lIC2 not then 01 then 01 output | ot
used) o1 Other  |IRQIN [SS0 |8
then 01 input output | ot
Other Other SCS SSCK | S
then 01 then 01 output |output |ot
1 1 0 Other Other SN SSO S
(Transmit) | (Receive) | (IIC2 not then 01 then 01 input output | ot
used) Other  |Other |sCS |ssck |s
then 01 then 01 output |output |ot
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then 01 input output |inp!
Other Other SCS SSCK | SS!
then 01 then 01 input input out]
1 0 1 0 Other Other P93 1/0 | SSO SS(
(Master) (Receive) | (lIC2 not then 01 then 01 input out]
used) 01 Other  |IRQIN |SSO  |Ss!
then 01 input input out]
Other Other SCS SSCK | SS!
then 01 then 01 output |output [inpt
1 0 0 Other Other P93 1/0 [SSO SS(
(Transmit) (IC2 not then 01 then 01 output | out
used) o1 Other  |IRQIN |SSO |88
then 01 input output | out]
Other Other SCS SSCK | SS
then 01 then 01 output |output |[out
0 0 0 0 0 1 Other Other P93 1/0 |P921/0 |SD.
(SSU not (neca then 01 then 01
used) used) Other |01 P93 1/0 |IRQON |SD
then 01 input
01 Other IRQIN |P921/O |SD.
then 01 input
01 01 IRQIN |IRQON |SD.
input input
0 Other Other P93 1/0 |P921/0 | P9
(lIC2 not then 01 then 01
used) Other |01 P93 1/0 |IRQON |Por
then 01 input
01 Other IRQIN |P921/0 | P91
then 01 input
01 01 IRQIN [IRQON | P91
input input
[Legend] *: Don't care.
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—

HD64338602RFH 38602R(***) C

(

H8/38600R Masked ROM version HDG64338600RFT 38600R(***) g
(

HD64338600RFH 38600R(***) K

[Legend]
(***): ROM code
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FigureD.1 Package Dimensions (TNP-32)
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indicated by R6. Set R4, R4L, and R6 so that
address of the destination address (value of F
or R6 + R4) does not exceed H'FFFF (the val
must not change from H'FFFF to H'0000 durir
execution).

Section 3 Exception Handling 44 Modified

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

Table 3.2 Reset Sources 44 Added

3.2.1 Reset Exception Handling 44 The description in this section is modified.

3.8.1 Notes on Stack Area Use 58 Modified

...... , s0 the stack pointer (SP: R7) should ne
indicate an odd address. To save register vall
PUSH.W Rn (MOV.W Rn, @-SP) or PUSH.L
(MOV.L ERn, @-SP). To restore register valt
POP.W Rn (MOV.W @SP+, Rn) or POP.L EI
(MOV.L @SP+, ERn).
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2. When the on-chip debugger is connected, tt
of the resistor should be high. When not cor
it is specified according to the selected osci

Figure 4.5 Typical Connectionto 68
32.768-kHz/38.4-kHz Crystal
Resonator

Modified

Frequency |Manufacturer Products Name | Equivalent Se
38.4 kHz EPSON TOYOCOM CORPORATION | C-4-TYPE 30 kQ (max.)
32.768 kHz |EPSON TOYOCOM CORPORATION | C-001R 35 kQ (max.)

C1=C2 =7pF (typ.)

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

4.3.1 Connecting 32.768- 68
kHz/38.4-kHz Crystal Resonator

Added

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

2. Perform matching evaluation in the reset ste
RES pin is low) and on exit from the reset st
RES pin is driven from low to high).

4.4.1 Prescaler S 71

Deleted

The output from prescaler S |s shared by the o
penpheral modules.
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(ocfégaz«'won waveform NWWAMWAW WWW

B R AR

Oscillation
start time

System clock (¢)

\ Wait time

Standby mode,
watch mode,
or subactive
mode

Active (hi

Oscillation stabilization wait time active (me

Operating mode

Interrupt accepted

4.5.5 Note on the Oscillation 76 The title modified

Stabilization of Resonators

4.5.6 Note on Using Power-On 76 Modified

Reset The power-on reset circuit in this LS| adjusts
clear time by the capacitor capacitance, whicl
externally connected to the RES pin. The exte
capacitor capacitance should be adjusted to ¢
oscillation stabilization time before reset clear
details, refer to section 19, Power-On Reset (

Section 5 Power-Down Modes 81 The note is modified.

5.1.3 Clock Halt Registers 1 and Notes:

2 (CKSTPR1 and CKSTPR2) 3 Whe

e CKSTPR2 WDON bit is cleared to0 by software thls b|t
and the watchdog timer enters module standt

Table 5.3 Internal State in Each 86 The note is modified.

Operating Mode

Notes:

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

RENESAS
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oscillator output stabilizes and the t._, period h
elapsed. The CPU starts reset exception hand
when the RES pin is driven high.

Modified

... or the requested interrupt is disabled by the
enable register.

When a reset source is generated in watch mc
system clock oscillator starts. If a reset is gene
the RES pin, it must be kept low until the syste
oscillator output stabilizes. The CPU starts res
exception handling when the RES pin is driver

Modified

... or the requested interrupt is disabled by the
enable register.

When a reset source is generated in subsleep
the system clock oscillator starts. If a reset is @
by the RES pin, it must be kept low until the sy
clock oscillator output stabilizes. The CPU star
exception handling when the RES pin is driver

5.2.3 Watch Mode 88
5.2.4 Subsleep Mode 89
5.2.5 Subactive Mode 89

Modified

... on the combination of bits SSBY, LSON, an
in SYSCR1 and bits MSON and DTON in SYS

When a reset source is generated in subactive
the system clock oscillator starts. If a reset is ¢
by the RES pin, it must be kept low until the sy
clock oscillator output stabilizes and the t._, pe
elapsed. The CPU starts reset exception hand
when the RES pin is driven high.
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TMA3 in SYSCR1 ora transmon to sleep mo
made depending on the combination of bits S
LSON in SYSCR1. Moreover, a transition to
(hlgh speed) mode or subactlve mode is mad

When the RES pin goes low, the CPU goes i
reset state and active (medium-sleep) mode i

5.3 Direct Transition 91

The description in this section is modified.

5.3.1 Direct Transition from Active 91
(High-Speed) Mode to Active
(Medium-Speed) Mode

Added

When a SLEEP instruction is executed in acti
speed) mode while the SSBY and LSON bits
SYSCR1 are cleared to 0 and the MSON and
bits in SYSCR2 are set to 1, a transition is mz
active (medium-speed) mode via sleep mode

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

Example: When ¢osc/8 is selected as the C
operating clock after the transition

Direct transition time = (2 + 1) x 1tosc + 14
115tosc

For the legend of symbols used above, refe
section 21, Electrical Characteristics.
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opelatirly CIOCK altel Uie talisituori

Direct transition time = (2 + 1) x 1tosc + 14 x
3tosc + 112tw

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

5.3.3 Direct Transition from Active 92 Added

(M.edlum-Speed) Mode to Active When a SLEEP instruction is executed in activ

(High-Speed) Mode (medium-speed) mode while the SSBY and LS
in SYSCR1 are cleared to 0, the MSON bit in $
is cleared to 0, and the DTON bit in SYSCR2 i
1, a transition is made to active (high-speed) n
sleep mode.

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

Example: When ¢osc/8 is selected as the CF
operating clock before the transition

Direct transition time = (2 + 1) x 8tosc + 14 x
38tosc

For the legend of symbols used above, refer
section 21, Electrical Characteristics.
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LU opceidallly CIOCK DCIOTe alll dllcerl Uic
respectively

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

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

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

93

Added and modified

When a SLEEP instruction is executed in sub
mode while the SSBY and TMAS bits in SYS(
set to 1, the LSON bit in SYSCR1 is cleared t
MSON bit in SYSCR2 is cleared to 0, and the
in SYSCR2 is set to 1, a transition is made di
active (high-speed) mode via watch mode aft
waiting time set in bits STS2 to STSO0 in SY S(
elapsed.

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

Direct transition time = {(Number of SLEEP ir
execution states) + (Number of internal proce
states)} x (tsubcyc before transition) + (Wait t
bits STS2 to STS0) + (Number of interrupt ex
handling execution states) x (tcyc after transil

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

Direct transition time = (2 + 1) x 8tw + (819
x1tosc = 24tw + 8206tosc

For the legend of symbols used above, refe
section 21, Electrical Characteristics.
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Example: When ¢w/8 and ¢osc/8 are selecte
CPU operating clock before and after the tra
respectively, and wait time = 8192 states

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

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

Section 6 ROM 117

6.7 Notes on Setting Module
Standby Mode

Modified

... Then the flash memory should be set to ent
module standby mode.

If an interrupt is generated in module standby |
the vector address cannot be fetched. As a res
program may run away.

Section 8 I/0 Ports 122
8.1.5 Pin Functions

e P10/AEVH/FTIOA/TMOW/CL
KOUT pin

Added

Note: * Switching the clock (§,e.) Poec/2; OF dogo
CLKOUT output must be performed wt
CLKOUT output is halted (CLKOUT = |
When making a transition to a power-d
mode wherein the system clock oscilla
halted, the output level is retained. (In :
mode, output is the high-impedance st:
When making a transition from a powe
mode wherein the system clock oscilla
halted, to the active mode wherein the
clock oscillator operates, halt CLKOUT
(CLKOUT = 0) before the transition.

8.7.2 Input Characteristics 124
Difference due to Pin Function

This section is newly added.
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Section 11 Realtime Clock (RTC) 193

11.3.7 Clock Source Select
Register (RTCCSR)

Modified

Bit Bit Name Description

3 RCS3 Clock Source Selection
2

11.4.1 Initial Settings of Registers 196
after Power-On

0000: ¢/8--- - Free running counter
1 RCS1
0 RCSO 0001: ¢/32--- - Free running counter
0010: ¢p/128:-eeevveeee Free running counter
0011: ¢p/256:++++-+exex- Free running countet
0100: ¢p/512:-eeevveeee Free running counter
0101: ¢/2048:+-+-+--+-- Free running countel
0110: ¢/4096--------- Free running counte!
0111: ¢/8192-+--evvee Free running countel
1000: ¢, f4:-weeeeeemeeees RTC operation
1001 to 1111: Setting prohibited
Modified

The RTC registers that store second, minute,
day-of-week data, control registers, and inter!
registers are not reset by a RES input, or by :
source caused by a watchdog timer.

11.5 Interrupt Sources 198

Modified

... When using an interrupt, set the IENRTC (
interrupt request enable) bit in IENR1 to 1 las
other registers are set.

11.6.2 Note when Using RTC 199
Interrupts

Added
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12.3.1 Watchdog Timer Mode 208

Modified

... When a clock pulse is input after the TCWD
value has reached H'FF, the watchdog timer o
and an internal reset signal is generated. The i
reset signal is output for a period of 512 clock
the on-chip oscillator (R).

Figure 12.2 Example of Watchdog 208  Modified
Timer Operation
EF e TCWD o
T HFt---
TCWD
count value
H'00
H'F1 written H'F1 written to TCWD Reset gene
to TCWD
IsTéirarvlal reset l_l_
512 clo:k_t;cles
Figure 12.3 Interval Timer Mode 209  Modified
Operation e
!
TCWD‘ue
|
o s s ot et
12.5.3 Clearing the WT/IT or 210 Added
IEOVF Bitin TCSRWD2 to 0
Table 12.1 Assembly Program for 211 Added
Clearing WT/IT or IEOVF Bit to 0
Rev. 3.00 May 15, 2007 Page 504 of 516
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1 ECH1

0 ECHO
13.3.7 Event Counter L (ECL) 222  Modified
Bit Bit Name Description
7 ECL7 Either the external asynchronous even
6 ECL6 /2, §/4, or ¢/8 can be selected as the i
5 ECL5 source. ECL can be cleared to H'00 wt
4 ECL4 CRCL bit in ECCSR is cleared to 0.
3 ECL3
2 ECL2
1 ECL1
0 ECLO
Section 14 Serial Communication 231 Deleted

Interface 3 (SCI3, IrDA)

The serial communication interface 3 (SCI3) ¢
both asynchronous and clock synchronous se
communication. In the asynchronous method
data communication can be carried out using
asynchronous communication chips such as
Asynchronous Receiver/Transmitter (UART) «
Asynchronous Communication Interface Adaj
(ACIA). Adunetion-is-also-providedferserial

14.3.5 Serial Mode Register
(SMR)

235

Modified

Bit  Bit Name Description

2 MP 5-Bit CommunicationWhen this bit is se
5-bit communication format is enabled.
to set bit 5 (PF) to 1 when setting this t
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Dit DIU INallic vcosuliipuon
7 IrE IrDA EnableSelects whether the SCI3 I/
function as the SCI3 or IrDA.0: TXD3/IrT
RXD3/IrRXD pins function as TXD3 and
TXD3/IrTXD and RXD3/IrRXD pins funct
IrTXD and IrRXD
14.3.11 Serial Extended Mode 253 Added
Rengter (SEMR) Bit Bit Name Description
3 ABCS Asynchronous Mode Basic Clock Select

Selects the basic clock for the bit period
asynchronous mode.

This setting is enabled only in asynchror
(COM bit in SMR3 is 0).

0: Operates on a basic clock with a freqt
16 times the transfer rate

1: Operates on a basic clock with a freq
eight times the transfer rate

Clear the ABCS bit to 0, when the IrDA f
enabled.

Table 14.8 Data Transfer Formats 255
(Asynchronous Mode)

The formats are modified.

Table 14.9 SMR Settings and 256
Corresponding Data Transfer
Formats

The settings are modified.
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Figure 14.6 Sample Serial 260 Modified
Transmission Flowchart
=
(Asynchronous Mode)
[3
[3] To output a break in serial 1
| Clear PDR to 0 and set PCR to 1 | after setting PCR to 1 and
‘ clear the SPC3 bit in SPCR
bitin SCR to 0.
Clear SPC3 bit in SPCR and
\ TE bit in SCR to 0* | Note: * When the SPC3 bit in S|
<Er‘\d> the pin functions as an |,
14.5 Operation in Clock 264  Deleted
Synchronous Mode ... After 8-bit data is output, the transmission
the MSB state. In clock synchronous mode, n
multipreeesser bit is added.
14.6 Multiprocessor 270  This section is deleted.

Communication Function
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TXD3 pin. To send a break during data transm
first set PCR to 1 and PDR to 0, and then clea
SPC3 and TE bits to 0. When the TE bit is clec
directly after the SPC3 bit is cleared to 0, the ti
is initialized regardless of the current transmiss
after the TE bit is cleared, the TXD3 pin functic
I/O port after the SPC3 bit is cleared, and O is

from the TXD3 pin.
Section 16 12C Bus Interface 2 323  Modified
(lca)
16.3.5 I°C Bus Status Register Bit Bit Name  Description
(ICSR)
3 STOP Stop Condition Detection Flag[Se
conditions]

e In master mode, when a stop
is detected after the completi

frame transfer

e In slave mode, when a stop c
detected, after the slave addr
first byte, following the gener:
the detection of the start conc

matches the address set in S
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[ ————————

of

ICDRS Data 2
| )
ICDRR /| Data 1 ) Dfta 2
User [3]Read ICDR
processing
Section 17 A/D Converter 350 Modified

17.3.1 A/D Result Register
(ADRR)

ADRR is a 16-bit read-only register that store
results of A/D conversion. The data is stored
upper 10 bits of ADRR. ADRR can be read by

at any time, ...

17.7.3 Usage Notes

360 Deleted

3. When A/D conversion is started after clears
standby mode, wait for 10¢ clock cycles be
starting A/D conversion.

RENESAS
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needs to be reduced, stop the comparator b
the CMEO and CME1 bits in CMCRO and Cl

0 before shifting the mode.

Section 19 Power-On Reset 370  Modified

Circuit The operation timing of the power-on reset circ

19.2.1 Power-On Reset Circuit shown in figure 19.2. As the power supply volt:
the capacitor, which is externally connected to
pin, is gradually charged through the on-chip p
resistor (Rp).

Section 21 Electrical 411 Modified

Characteristics
Table 21.3 Control Signal Timing

Item Symbol Applicable Test Condition

Pins

Value:

Min.

0OSC1,0SC2 Ceramic resonator
(Vee=22V103.6V)

Oscill  trc
ation

stabili .
Ceramic resonator

zation (Other than above)

time
Crystal resonator
(Vee=2.7V1036V)

Crystal resonator

(V.=22V103.6V)
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2./ V103.6V)

Crystal resonator(VCC = —

22Vto3.6V)
Appendix 447  Modified
A.1 Instruction List e
2. Arithmetic Instructions .

nemonic g
8 |
oan | T Bl2]2 A8 decimal adjust | — | * |
> Rd8

C. Product Part No. Lineup 491 The list is modified.
D. Package Dimensions 492  Added
Figure D.2 Package Dimensions
(32P6U-A)
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REZISICT INAIICCL.....cviiiiiiiiiins 40
Register indirect with displacement...... 28
Register indirect with post-increment... 28

r1Oglhalllllllllg/Clasulc 111 Uscl pl

Programming/programming-ve

Register indirect with pre-decrement.... 28 Software protection..................
Asynchronous event counter (AEC)....... 213
16-bit counter operation...................... 223
8-bit counter operation..........c.ccccueen.e.. 224 G
Event counter PWM operation ........... 225 General regiSters ............ccoovrun....
C I
Clock pulse generators.........c..cocceeeueeunennee 63 T/O POItS .o
System clock oscillator............ccceueeneene. 66 I2C bus format ....o.eee oo,
Comparators..........c.eeverueereeriereeneeseenees 361 I°C bus interface 2 (IIC2).............
Hysteresis characteristics.................... 366 Acknowledge ..........cocoovvnnne..
Condition field.....c..ccceeceeveeveninincnineenee 26 Bit synchronous circuit ............
Condition-code register (CCR) ................. 11 Clocked Synchronous serial for
CPU e 7 Noise canceler.....oooveeeeeiinin,
Slave address.........cccceeceeveennenns
Start condition..........cceceeveennns
E Stop condition ...........ccceueueueneee
Effective address.......ooovvvvirrrieievererererenennn. 30 Transfer rate.........ccococcevvennns
Effective address extension ...................... 26 Instruction set........ccccevcivivicnnnes
Exception handling..............cccoeveveieverenne. 41 Arithmetic operations instructic
Bit manipulation instructions...
Block data transfer instructions
F Branch instructions ..................
Flash Mmemory .........cccooovvrerueveveieiriinriennens 99 Data transfer instructions .........
Boot mode.........coceeienieniinininieee 105 Logic operations instructions..
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ECCSR....cceoviiiinne. 220, 374

M ECH..oovveeeee 222,374
A% (537510) o 728 1021 o OSSR 8
ECL..oiieeeee 222,374
ECPWCR.................... 216,374
ECPWDR.................... 217,374
o ) FENR .....covvvriirn 104, 372,
Operation field..........coocveiereirieieeee 26 FLMCRI ... 101,372
FLMCR2.........ccu...... 102, 372,
FLPWCR .................... 103, 372,
P GRA oo 165, 373
Package.......coocvevieieeieieeeee e 2 GRB oo 165,373
Pin assignment..........cccecvevvvenieerieecnennesenene 3 GRC oo 165,373
Power-down modes ..........cccceoeeveeeecnnnnnnn. 77 GRD oo 165,373
Power-Down Modes (€0):S DA 314,372
Module standby function...................... 96 ICCR2 oo 317, 372;
Sleep MOde ......eoveeeeeieieiieeee e 87 ICDRR .o 327,372
Standby mode .........ceeceerieiiieiieee. 88 ICDRS...ooo
Subactive mode ........c.coeeeveeeeeiiieeennnn.. 89 ICDRT oo 326, 372
Subsleep mode........ccoeceevverieierieenne. 89 ICIER ... 321,372
Power-on reset Circuit.............cccveeeennee... 369 ICMR ..o 319, 372
Program counter (PC)......ccccoevvevveirnnne 11 ICSR oo 323,372
IEGR....cooovveeeieeeene 47,375
IENR....cooooiieieeene 48,375
R IrCR oo 252,374
Realtime clock (RTC).....ccceeevvvvevevennnee. 185 IRR...cooiiiiieieieee, 50, 375
Data reading procedure....................... 197 OSCCR....coveveeverens 64, 375
Initial setting procedure...................... 196 PCRI.coooiieiieiieeeee 120, 375
Register field ......cccccovevereiieieieieieennen 26 PCR3...coooiieeee 125,375
Registers PCRS...cccoeviiiiice. 129, 375
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PUCRI...ccoiiiiinenn 121, 375, 378, 382

PUCR3 .o, 126, 375, 379, 382
PUCRS....oorverreeerrne, 130, 373, 376, 380
PUCRO....oorveerererene, 134, 373, 376, 380
1:10) : SO 234,374, 378, 382
RHRDR .....overreeenn.... 189, 372, 376, 380
RMINDR ....cooovvveen..... 188, 372, 376, 380
RSECDR.........oooveenn..... 187, 372, 376, 380
0] SO 234
RTCCRI oo, 191, 372, 376, 380
RTCCR2 ..., 192, 372, 376, 380
RTCCSR......ovvvren, 193, 372, 376, 380
RTCFLG ..o, 194, 372, 376, 380
RWKDR ..., 190, 372, 376, 380
YN S 326, 372, 376, 380
L 0) - S 237,374,378, 382
SEMR ..o, 253,374, 378, 382
)1 S 235,374, 378, 382
SPCR ..., 142,251, 374, 378, 381
SSCRH ..o 285,373, 377, 381
SSCRL ..o, 287,373,377, 381
SSER...eooveeeerererre. 290, 373, 377, 381
SSMR ..o, 289, 373, 377, 381
T S 240, 374, 378, 382
SSRDR ..o, 293,373, 377, 381
TT : SO 291, 373, 377, 381
TY N D) : S 293,373, 377, 381
SSTRSR oo 293
0} '4°10): 3 I 78,375, 379, 383

S

Serial communication interface 3
Asynchronous mode.................
Bitrate....ccoovveeiiiiiiiiiieeeeeenns

Clocked synchronous mode .....
Framing error .........cccccecueveennen.
Mark state .......cccceeceeveenieniennen.
OVerTun error .....co.eeveeeveneeennen.
Parity error........ccoeeveevevvrennennen.
Stack pointer (SP) .......cceeveevennns
Synchronous serial communicatio
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