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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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a third party.

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

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

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

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

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

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

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

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

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

. Please contact Renesas Technology Corp. for further details on these materials or the produ
contained therein.
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Generally, the input pins of CMOS products are high-impedance input pins. If ur
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 aso 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 addresses is 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.
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* CPU and System-Control Modules
e On-Chip Peripheral Modules

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

i) Feature

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

v) Usage Note

When designing an application system that includes this LSI, take notes into account. 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.5.00 Nov. 02, 2005 Pa
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Objective: This manual was written to explain the hardware functions and electrical

characteristics of the H8/3694 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 characteristi

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

Notes:

When using the on-chip emulator (E7, E8) for H8/3694 program development and debug
following restrictions must be noted.

1
2.

The NMI pin isreserved for the E7 or E8, and cannot be used.

Pins P85, P86, and P87 cannot be used. In order to use these pins, additional hardwar
provided on the user board.

AreaH'7000 to H'7FFF is used by the E7 or E8, and is not available to the user.
AreaH'F780 to H'FB7F must on no account be accessed.
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Document Title Docume
H8/3694 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 REJ10B(
Manual

Application notes:

Document Title Docume
H8S, H8/300 Series C/C++ Compiler Package Application Note REJO5B!
Single Power Supply F-ZTAT™ On-Board Programming ADE-50:
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— Timer A (can be used as atime basetor a clock)

— Timer V (8-hit timer)

— Timer W (16-bit timer)

— Watchdog timer

— SCI (Asynchronous or clocked synchronous serial communication interface)

— 1’C Bus Interface (conforms to the I°C bus interface format that is advocated by |
Electronics)

— 10-bit A/D converter

Rev.5.00 Nov. 02,2005 P
RENESAS REJOS



wiaoh FiJivl vl olvil Ho/YuI= HJOUTOVLVUIT HJUTOVUITA va NV yLlco LT Uyloo

H8/3693 HD6433693 HD6433693G 24 kbytes 1,024 bytes
H8/3692 HD6433692 HD6433692G 16 kbytes 512 bytes
H8/3691 HD6433691 HD6433691G 12 kbytes 512 bytes
H8/3690 HD6433690 HD6433690G 8 kbytes 512 bytes

EEPROM  Flash H8/3694N — HD64N3694G 32 kbytes 2,048 bytes

stacked memory

version version

(512bytes) 1o sk-ROM — HD6483694G 32 kbytes 1,024 bytes
version

e General 1/O ports
— /O pins: 29 1/0 pins (27 1/0 pins for H8/3694N), including 8 large current ports (
mA, @V, =15V)
— Input-only pins: 8 input pins (also used for anal og input)
e EEPROM interface (only for H8/3694N)
— I°C bus interface (conforms to the I°C bus interface format that is advocated by Ph
Electronics)
e Supports various power-down modes

Note: F-ZTAT™ isatrademark of Renesas Technology Corp.
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)

|

P14/IRQ0 = E 1 1 1
PisiRQl % I =
P16/RQ2 - ROM RAM
P17/IRQ3/TRGV = | | |
——r——
Timer W SCI3
P20/SCK3 <~ o b —
P21/RXD <~ § —| Ti A Watchdog
P22/TXD ~—~|% I mer timer
Timer V licz
> A/D POR/LVD
converter (optional)

Data bus (upper)

Address bus

[~ P74/TN\
[~ P75/TN\
[~ P76/TN\

Port 7

[ |- Ps0/Wi
< P51/WI
~— P52/Wi
[+ P53/Wi
[+ P54/Wi
<~ P55/Wi
|~ P56/SC
| [~ Ps57/sC

Port 5

[<~— PBO/AN
[~— PB1/AN
[~— PB2/AN
~— PB3/AN
~— PB4/AN
~— PB5/AN
~— PB6/AN

Port B

~— PB7/AN

AVce

Figure1.1 Internal Block Diagram of H8/3694 Group of F-ZTAT™

and Mask-ROM Versions
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I | ‘
————
Timer W SCI3 —
_— —E@ [ | P50A
P20/SCK - PSIA
20/SCK3 =+ o b Y |—Ps52A
P21/RXD | € \—| I Ti Watchdog ,—/ © :
imer A N [~ P53/\
P22/TXD ~~| % timer I E «— P54/
— | | ~—~ P55/
[« P56/
———| Timerv [T 3 — ||~ PS7K
SDA » 1 > ~— PBO//
2
a A/D POR/LVD ~— PB1//
SCL @ \:D—l_ converter (optional) p———— | ,:> ~— PB2//
B o |+— PB3//
T
. S [— PB4/
~— PB5//
Data bus (upper) ~— PB6//
~— PB7//
Address bus
[ AVce
EEPROM

Note: The HD64N3694G is a stacked-structure product in which an EEPROM chip is mounted on the HD64F3694G (F-ZTAT™ ver:
The HD6483694G is a stacked-structure product in which an EEPROM chip is mounted on the HD6433694G (mask-ROM ve

Figurel1.2 Internal Block Diagram of H8/3694N (EEPROM Stacked Versi
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53 28
54 27
55 26
56 25

H8/3694 Group
57 24

Top view
58 23
59 22
60 21
61 20
62 19
63 18

64 17
12 3 4 5 6 7 8 9 1011 1213 14 1516

P74/TMRIV
P57/SCL
P56/SDA
P12

P11
P10/TMOW
P55/WKP5/AD
P54/WKP4
P53/WKP3
P52/WKP2
NC

NC

P16/IRQ2
P17/IRQ3/TRGV
PB4/AN4
PB5/AN5
PB6/ANG
PB7/AN7
PB3/AN3
PB2/AN2
PB1/AN1
PBO/ANO
NC

NC

O0000000000/M
gUuuooouououood

OO0 QN = FME 24 — QO |- O O
OX X LW w00 L8
S R A T H 1 5
B b
o a

Note: Do not connect NC pins (these pins are not connected to the internal circuitry).

Figure1.3 Pin Arrangement of H8/3694 Group of F-ZTAT™ and Mask-ROM V
(FP-64E, FP-64A)

Rev.5.00 Nov. 02,2005 Page 6 of 418
REJ09B0028-0500 RENESAS



44

PB7/AN7 Top View
PB3/AN3 45 16
PB2/AN2 46 15
PB1/AN1 47 14
PBO/ANO 48 13
1 2 3 4 5 6 7 8 9 10 11 12
HRERERERERERERERRRERERN
= O O
1
0
o o

P10/TMOW
P55/WKP5/ADTRG
P54/WKP4
P53/WKP3
P52/WKP2

(FP-48F, FP-48B, TNP-48)

Figure1.4 Pin Arrangement of H8/3694 Group of F-ZTAT™ and Mask-ROM \

RENESAS
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gububuyl

PB5/AN5 [ 56 H8/3694N o5
PB6/AN6 [ 57 Top View o4
PB7/AN7 [] 58 03
PB3/AN3 [] 59 0o
PB2/AN2 [] 60 o1
PB1/AN1 [] 61 20
PBO/ANO [] 62 19
NC [] 63 18
NC [] 64 17
( 1 2 34 56 7 8 9 10111213 14 1516
VO gV FZWE g = gloe|l- 0O
zzixx>g$>88§&‘%zz
Foeo kE
S -
n
o o

Note: Do not connect NC pins.

P12

P11
P10/TMOW
P55/WKP5/A
P54/WKP4
P53/WKP3
P52/WKP2
NC

NC

Figure1.5 Pin Arrangement of H8/3694N (EEPROM Stacked Version)

(FP-64E)
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POWEel sUpply (UV).

AV, 3 1 Input Analog power supply pin for the A/D
When the A/D converter is not used,
this pin to the system power supply.
Ve 6 4 Input Internal step-down power supply pin.
capacitor of around 0.1 uF between t
and the Vss pin for stabilization.
Clock OSCH1 11 Input These pins connect with crystal or ce
pins 0SC2 10 Output resonator for the system clock, or car
to input an external clock.
See section 5, Clock Pulse Generato
typical connection.
X1 Input These pins connect with a 32.768 kH
X2 Outout resonator for the subclock. See secti
P Clock Pulse Generators, for a typical
connection.
System RES 7 5 Input Reset pin. The pull-up resistor (typ. 1
control incorporated. When driven low, the ¢
reset.
TEST 8 6 Input Test pin. Connect this pin to Vss.
Interrupt NMI 35 25 Input Non-maskable interrupt request inpu
pins sure to pull-up by a pull-up resistor.
IRQOto 51to54 37to40 Input External interrupt request input pins.
IRQ3 the rising or falling edge.
WKPOto 13,14, 111016 Input External interrupt request input pins.
WKP5 1910 22 the rising or falling edge.

Rev.5.00 Nov. 02,2005 P
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Timer W FTCI 36 26 Input External event input pin.
FTIOAto 37t040 27t030 1/O Output compare output/input captt
FTIOD PWM output pin
FCbus SDA 26*' 20 I/0 IIC data I/0 pin. Can directly drive
interface NMOS open-drain output.
(16) SCL 27+’ 21 IO IIC clock 1/O pin. Can directly drive
(EEPROM: by NMOS open-drain output.
Input)
Serial TXD 46 36 Output Transmit data output pin
ggtin;nr:un" RXD 45 35 Input Receive data input pin
interface SCKS3 44 34 I/0 Clock I/0 pin
(SCI)
A/D AN7to 55t062 411048 Input Analog input pin
converter ANO
ADTRG 22 16 Input A/D converter trigger input pin.
I/Oports PB7to 55t062 41t048 Input 8-bit input port.
PBO
P17 to 51to 54, 37to40 |/O 7-bit 1/0 port.
P14, 23t025 171019
P12 to
P10
P22to 44t046 34t036 I/O 3-bit I/O port.
P20
P57 to 13,14, 20,21, 1/O 8-bit I/O port
P50 19t0 22, 13to 16,
26*2, 11,12
27+*
Rev.5.00 Nov. 02,2005 Page 10 of 418
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2. The P57 and P56 pins are not available in the H8/3694N.
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o General-register architecture
— Sixteen 16-bit general registers also usable as sixteen 8-hit registers and eight 16
registers, 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
e Eight addressing modes
— Register direct [Rn]
— Register indirect [@ERnN]
— Register indirect with displacement [@(d:16,ERn) or @(d:24,ERn)]
— Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERN]
— Absolute address [ @aa:8, @aa: 16, @aa:24]
— Immediate [#xx:8, #xx:16, or #xx:32]
— Program-counter relative [@(d:8,PC) or @(d:16,PC)]
— Memory indirect [ @@aa:8]
o 64-kbyte address space
e High-speed operation
— All frequently-used instructions execute in one or two states
— 8/16/32-hit register-register add/subtract . 2 state
— 8x 8-bit register-register multiply  : 14 states
— 16 + 8-hit register-register divide  : 14 states
— 16 x 16-bit register-register multiply : 22 states
— 32 + 16-bit register-register divide  : 22 states
e Power-down state
— Transition to power-down state by SLEEP instruction

CPU30H2D_000120030300 Rev.5.00 Nov. 02, 2005 Pa
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H7FFF

On-chip ROM
(32 kbytes)

Not used

H'F730

H'F74F

Internal I/O register

Not used

H'F780

H'FB7F
H'FB80

HFF7F

__On-chip RAM

(1-kbyte work area
for flash memory
programming)

(2 kbytes)

(1-kbyte user area)

H'FF80

HFFFF

Internal 1/0O register

H'F730

HF74F

H'FD80

HFF7F
H'FF80

HFFFF

Not used

Internal I/O register

Not used

On-chip RAM
(512 bytes)

Internal 1/O register

H'F730

HF74F

H'FD80

HFF7F
HFF80

HFFFF

Not used

Internal I/O register

Not used

On-chip RAM
(512 bytes)

Internal 1/0O register

Figure2.1 Memory Map (1)
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H'F730
H'F74F

H'FD80

HFF7F
H'FF80

HFFFF

Not used

Internal I/O register

Not used

On-chip RAM
(512 bytes)

Internal I/O register

H'5FFF

H'F730
HF74F

H'FB80

HFF7F
H'FF80

HFFFF

Not used

Internal I/O register

Not used

On-chip RAM
(1 kbyte)

Internal I/O register

H7FFF

HF730
HF74F

H'FB80

HFF7F
HFF80

HFFFF

Not used

Internal I/O registe

Not used

On-chip RAM
(1 kbyte)

Internal I/O registe

Figure2.1 Memory Map (2)
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| register I

! Not used

Figure2.1 Memory Map (3)
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ER3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 E7 (SP) R7H R7L
Control Registers (CR)
23 (
PC |
7654321(
cer [1HulH]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:  Carryflag

Figure2.2 CPU Registers

RENESAS
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The R registers divide into 8-bit 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 Usageof General Registers
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I—l widviv diva

—

Figure2.4 Relationship between Stack Pointer and Stack Area

222 Program Counter (PC)

This 24-bit counter indicates the address of the next instruction the CPU will execute. 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-hit register containsinternal CPU status information, including an interrupt mask
half-carry (H), negative (N), zero (Z), overflow (V), and carry (C) flags. Thel hit 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.

Rev.5.00 Nov. 02, 2005 Pa
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A AR A AR B LA AL A dl JdIAL 4 £LALL dB 4 4 dl JdE A 4 L ATL 4 B\

or NEG.B instruction is executed, this flag is s
there is a carry or borrow at bit 3, and 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 Vv 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
e 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 0
7:6:5:4:3:2:1:o| Don't care
1 1 1 L L L L
___________________ 7 0
' Don't care |7:6:5:4:3:2:1:0
7 43 o i
| Upper | Lower | Don't care '
.................. J
___________________ 7 4 3 0
I Don't care | Upper | Lower |
7 0
EEERERE Dontcare |
1 1 1 1 1 1 L
MSB LSB
___________________ 7 0
L Dontcare [ 1l i il
"""""""""" MSB LSB

Figure2.5 General Register Data Formats (1)

RENESAS
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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

AddressL 7 |6 543|210

AddressL  fvs; : @ @ ! ! LsB

Address 2M MSBE

Address 2M+1 | LSB
Address2N  lysgt 1 1 1
Address 2N+1 [ R T S A
Address2N+2 [ @ 1 1o
Address 2N+3 E E E E E E ELSB

/\/

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
(EASs) 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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PUSH Wi/L 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.5.00 Nov. 02, 2005 Pa
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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 xRs — 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

Rev.5.00 Nov. 02, 2005 Pa
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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 - (<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 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 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 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 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.
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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 B CCR A #IMM — CCR

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

Logically ORs the CCR with immediate data.
XORC B CCR ® #IMM — CCR

Logically XORs the CCR with immediate data.
NOP — PC+2 - PC

Only increments the program counter.

Note: * Refers to the operand size.

B: Byte
W: Word
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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.

24.2 Basic I nstruction Formats

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

(co).

Figure 2.7 shows examples of instruction formats.

Operation Field

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

Register Field

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

8, 16, or 32 bits specifying immediate data, an absolute address, or a displacement. /
address or displacement istreated as a 32-bit data in which the first 8 bitsare 0 (H'O(

Condition Field
Specifies the branching condition of Bcc instructions.
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(4) Operation field, effective address extension, and condition field

op cc EA(disp) BRA d:8

Figure2.7 Instruction Formats

2.5 Addressing M odes and Effective Address Calculation

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

251 Addressing M odes

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

Arithmetic and logic instructions can use the register direct and immediate modes. Data t
instructions can use all addressing modes except program-counter relative and memory it
Bit manipulation instructions use register direct, register indirect, or the absolute address
(@aa:8) to specify an operand, and register direct (BSET, BCLR, BNOT, and BTST inst
or immediate (3-bit) addressing mode to specify abit number in the operand.
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7 Program-counter relative @(d:8,PC)/@(d:16,PC)
8 Memory indirect @ @aa:8

Register Direct—Rn

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

Register Indirect—@ERN

The register field of the instruction code specifies an address register (ERn), the lower 2
which contain the address of the operand on memory.

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

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

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

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

The access ranges of absolute addresses for the group of thisL Sl are those shown in table
because the upper 8 bits are ignored.

Table2.11 Absolute Address Access Ranges

Absolute Address Access Range

8 bits (@aa:8) H'FFO00 to HFFFF
16 bits (@aa:16) H'0000 to H'FFFF
24 bits (@aa:24) H'0000 to H'FFFF

I mmediate—#xx: 8, #xx:16, or #xx:32

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

The ADDS, SUBS, INC, and DEC instructions contain immediate data implicitly. Some
manipulation instructions contain 3-bit immediate data in the instruction code, specifying
number. The TRAPA instruction contains 2-bit immediate data in its instruction code, sp
vector address.

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

This modeis used in the BSR instruction. An 8-bit or 16-bit displacement contained in th
instruction is sign-extended and added to the 24-bit PC contents to generate a branch add
PC value to which the displacement is added is the address of the first byte of the next in:
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Note that the first part of the address range is also the exception vector area.

Specified —
by @aa:8

\/\

Dummy

Branch address

\/_\

Figure2.8 Branch Address Specification in Memory Indirect Mode
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i General register contents

'_

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

31 0

op | r| | disp |

| General register contents

31 0
| disp

| Sign extension

23

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

31

[ oo [ ] |

*Register indirect with pre-decrement @-ERn

31

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, m: Register field
op: Operation field
disp: Displacement
IMM: Immediate data
abs: Absolute address

Rev.5.00 Nov. 02, 2005 Pa

RENESAS

REJOS



Bus cycle

- »

~— Tystate —s-e— T,state —=
¢ or dsus _/_\_/_\_/_

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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Bus cycle

~— Tystate : T, state : Tsstate —»

¢ or dsus

Internal 3 X
address bus >( Address b

Internal - :
read signal : \ : / :
Internal | - \
data bus :)—( Read data )—

(read access) 4

Internal R \ /—
write signal : : : :
Internal - -

Write data )—

:

(write access)

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

Program
execution state

Active

(high speed) mode

The CPU executes success!
instructions at high speed,
synchronized by the system

clock

Subactive mode

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

— Program halt state

Sleep mode

A state in which some
or all of the chip
functions are stopped
to conserve power

Standby mode

Subsleep mode

Exception-
handling state

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

ive program

modes

Figure2.11 CPU Operation States
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Figure2.12 State Transitions
2.8 Usage Notes

281 Notes on 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 data is 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 EEPMOQV Instruction

EEPMOV isablock-transfer instruction and transfers the byte size of dataindicated by
which starts from the address indicated by R5, to the address indicated by R6. Set RAL ¢
that the end address of the destination address (value of R6 + R4L) does not exceed H'F
value of R6 must not change from H'FFFF to H'0000 during execution).

283 Bit Manipulation Instruction

The BSET, BCLR, BNOT, BST, and BIST instructions read data from the specified adc
byte units, manipulate the data of the target bit, and write data to the same address agair
units. Special careis required when using these instructions in cases where two register:
assigned to the same address or when abit is directly manipulated for a port or aregiste
containing awrite-only bit, because this may rewrite data of abit other than the bit to be
mani pul ated.
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2. The CPU sets or resets the bit to be manipulated with the bit manipulation instruction
3. Thewritten datais written again in byte units to the timer load register.

The timer is counting, so the value read is not necessarily the same as the valuein 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
Address

Example 2: The BSET instruction is executed for port 5.

P57 and P56 are input pins, with alow-level signal input at P57 and a high-level signal ir
P56. P55 to P50 are output pins and output low-level signals. An example to output a hig
signal at P50 with aBSET instruction is shown below.
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o After executing BSET instruction

e =1 Al WL AT I WAt d T el R s

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 0 1 0 0 0 0 0

e Description on operation

1. Whenthe 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-|

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 bit 0 of the read datato 1, changing the PDR5 datato H'41.

3. Finaly, the CPU writes H'41 to PDR5, completing execution of BSET instruction.
Asaresult of the BSET instruction, bit 0 in PDR5 becomes 1, and P50 outputs a hig
signal. However, bits 7 and 6 of PDR5 end up with different values. To prevent this
store a copy of the PDR5 datain awork areain memory. Perform the bit manipul ati
datain the work area, then write this data to PDRS5.

RENESAS
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PDR5 1
RAMO 1

e BSET instruction executed

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

e After executing BSET instruction

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

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

P57 and P56 are input pins, with alow-level signal input at P57 and a high-level signal ir
P56. P55 to P50 are output pins that output low-level signals. An example of setting the F
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e BCLR instruction executed
BCLR #0, @PCR5 The BCLR instruction is executed for PCR5.

o After executing BCLR instruction

P57 P56 P55 P54 P53 P52 P51
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 bit 0 in the read datato 0, changing the data to H'FE.

3. Findly, HFE 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 changeto 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 wo
(RAMO).

o After executing BCLR instruction

MOV.B  @RAMO, ROL The work area (RAMO) value is written to PCRS5.
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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generates a vector address corresponding to a vector number from 0 to 3, as specified in
instruction code. Exception handling can be executed at all times in the program execuiti
regardless of the setting of the | bit in CCR.

e Interrupts

External interrupts other than NMI and internal interrupts other than address break aren
the bit in CCR, and kept masked while the | bit is set to 1. Exception handling starts w
current instruction or exception handling ends, if an interrupt request has been issued.

31 Exception Sourcesand Vector Address

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

Table3.1 Exception Sourcesand Vector Address

Vector
Relative Module Exception Sources Number Vector Address
RES pin Reset 0 H'0000 to H'0001
Watchdog timer
— Reserved for system use 1to6 H'0002 to H'000D
External interrupt NMI 7 H'000E to H'000F
pin
CPU Trap instruction (#0) 8 H'0010 to H'0011
(#1) 9 H'0012 to H'0013
(#2) 10 H'0014 to H'0015
(#3) 11 H'0016 to H'0017
Address break Break conditions satisfied 12 H'0018 to H'0019
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Hvve™T (VU 11 VUL Y

Timer A Overflow 19 H’0026 to H'0027
— Reserved for system use 20 H’0028 to H’'0029
Timer W Timer W input capture A 21 H’002A to H’'002B

/compare match A
Timer W input capture B
/compare match B
Timer W input capture C
/compare match C
Timer W input capture D
/compare match D
Timer W overflow

Timer V Timer V compare match A 22 H'002C to H'002D
Timer V compare match B
Timer V overflow

SCI3 SCI3 receive data full 23 H'002E to H'002F
SCI3 transmit data empty
SCI3 transmit end
SCI3 receive error

lcz Transmit data empty 24 H'0030 to H'0031
Transmit end
Receive data full
Arbitration lost/Overrun error
NACK detection
Stop conditions detected

A/D converter A/D conversion end 25 H'0032 to H'0033

Note * A low-voltage detection interrupt is enabled only in the product with an on-chip
on reset and low-voltage detection circuit.
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IEGR1 selects the direction of an edge that generates interrupt requests of pins NMI anc
IRQO.

Initial
Bit Bit Name Value R/W Description
7 NMIEG 0 R/W NMI Edge Select
0: Falling edge of NMI pin input is detected
1: Rising edge of NMI pin input is detected
6to4 — All 1 — Reserved
These bits are always read as 1.
3 IEG3 0 R/W IRQ3 Edge Select

0: Falling edge of IRQ3 pin input is detected

1: Rising edge of IRQ3 pin input is detected
2 IEG2 0 R/W IRQ2 Edge Select

0: Falling edge of IRQ2 pin input is detected

1: Rising edge of IRQ2 pin input is detected
1 IEG1 0 R/W IRQ1 Edge Select

0: Falling edge of IRQ1 pin input is detected
1: Rising edge of IRQ1 pin input is detected
0 IEGO 0 R/W IRQO Edge Select

0: Falling edge of IRQO pin input is detected

1: Rising edge of IRQO pin input is detected
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U Falling eage or WRFO(AD IRQG) pin Input IS A€
1: Rising edge of WKP5(ADTRG) pin input is de
4 WPEG4 0 R/W WKP4 Edge Select

0: Falling edge of WKP4 pin input is detected

1: Rising edge of WKP4 pin input is detected
3 WPEGS 0 R/W WKP3 Edge Select
0: Falling edge of WKP3 pin input is detected

1: Rising edge of WKP3 pin input is detected
2 WPEG2 0 R/W WKP2 Edge Select
0: Falling edge of WKP2 pin input is detected

1: Rising edge of WKP2 pin input is detected
1 WPEGH1 0 R/W WKP1Edge Select
0: Falling edge of WKP1 pin input is detected

1: Rising edge of WKP1 pin input is detected
0 WPEGO 0 R/W WKPO Edge Select
0: Falling edge of WKPO pin input is detected

1: Rising edge of WKPO pin input is detected
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requests are enabled. ,
5 IENWP 0 R/W Wakeup Interrupt Enable

This bit is an enable bit, which is common to th
WKP5 to WKPO. When the bit is set to 1, interri
requests are enabled.

4 — 1 — Reserved
This bit is always read as 1.
3 IEN3 0 R/W IRQS Interrupt Enable

When this bit is set to 1, interrupt requests of tt
pin are enabled.

2 IEN2 0 R/W IRQ2 Interrupt Enable

When this bit is set to 1, interrupt requests of tt
pin are enabled.

1 IENA1 0 R/W IRQ1 Interrupt Enable

When this bit is set to 1, interrupt requests of tt
pin are enabled.

0 IENO 0 R/W IRQO Interrupt Enable

When this bit is set to 1, interrupt requests of tt
pin are enabled.

When disabling interrupts by clearing bitsin an interrupt enable register, or when clearil
an interrupt flag register, always do so while interrupts are masked (1 = 1). If the above
operations are performed while | =0, and as aresult a conflict arises between the clear i
and an interrupt request, exception handling for the interrupt will be executed after the
instruction has been executed.
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[Clearing condition]
When IRRDT is cleared by writing 0

6 IRRTA

R/W

Timer A Interrupt Request Flag

[Setting condition]

When the timer A counter value overflows
[Clearing condition]

When IRRTA is cleared by writing 0

54 —

All1

Reserved
These bits are always read as 1.

3 IRRI3

R/W

IRQ3 Interrupt Request Flag
[Setting condition]

When IRQ3 pin is designated for interrupt input :
designated signal edge is detected.

[Clearing condition]
When IRRI3 is cleared by writing 0

2 IRRI2

R/W

IRQ2 Interrupt Request Flag
[Setting condition]

When IRQ2 pin is designated for interrupt input :
designated signal edge is detected.

[Clearing condition]
When IRRI2 is cleared by writing O

1 IRRI1

R/W

IRQ1 Interrupt Request Flag
[Setting condition]

When IRQ1 pin is designated for interrupt input :
designated signal edge is detected.

[Clearing condition]
When IRRI1 is cleared by writing 0
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IWPR is a status flag register for WKP5 to WKPO interrupt requests.

Initial
Bit Bit Name Value R/W Description
7,6 — All 1 — Reserved
These bits are always read as 1.
5 IWPF5 0 R/W  WKP5 Interrupt Request Flag

[Setting condition]

When WKP5 pin is designated for interrupt inpt
designated signal edge is detected.

[Clearing condition]
When IWPF5 is cleared by writing O.

4 IWPF4 0 R/W  WKP4 Interrupt Request Flag
[Setting condition]

When WKP4 pin is designated for interrupt inpt
designated signal edge is detected.

[Clearing condition]
When IWPF4 is cleared by writing O.

3 IWPF3 0 R/W  WKPS3 Interrupt Request Flag
[Setting condition]

When WKP3 pin is designated for interrupt inpt
designated signal edge is detected.

[Clearing condition]
When IWPES3 is cleared by writing 0.
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When WKP1 pin is designated for interrupt inpuf
designated signal edge is detected.

[Clearing condition]

When IWPF1 is cleared by writing O.
0 IWPFO 0 R/W  WKPO Interrupt Request Flag

[Setting condition]

When WKPO pin is designated for interrupt input
designated signal edge is detected.

[Clearing condition]
When IWPFOQ is cleared by writing 0.

3.3 Reset Exception Handling

When the RES pin goes low, all processing halts and this LS| enters the reset. The intern:
the CPU and the registers of the on-chip peripheral modules areinitialized by thereset. T
that this LSl is reset at power-up, hold the RES pin low until the clock pulse generator ot
stabilizes. To reset the chip during operation, hold the RES pin low for at least 10 system
cycles. When the RES pin goes high after being held low for the necessary time, this LS|
reset exception handling. The reset exception handling sequence is shown in figure 3.1.

The reset exception handling sequence is as follows. However, for the reset exception ha
sequence of the product with on-chip power-on reset circuit, refer to section 18, Power-C
and Low-V oltage Detection Circuits (Optional).

1. Setthel bit in the condition code register (CCR) to 1.

2. The CPU generates areset exception handling vector address (from H'0000 to H'0001
datain that address is sent to the program counter (PC) as the start address, and progr
execution starts from that address.
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bit valuein CCR.
IRQ3to IRQO Interrupts

IRQ3 to IRQO interrupts are requested by input signals to pins IRQ3 to IRQO. These
interrupts are given different vector addresses, and are detected individually by eithe
edge sensing or falling edge sensing, depending on the settings of bits IEG3 to IEGC
When pinsIRQ3 to IRQO are designated for interrupt input in PMR1 and the design:
edge isinput, the corresponding bit in IRR1 is set to 1, requesting the CPU of an inte
These interrupts can be masked by setting bits IEN3 to IENO in IENR1.

WKP5 to WKPO Interrupts

WK P5 to WK PO interrupts are requested by input signals to pins WKP5 to WKPO. 1
interrupts have the same vector addresses, and are detected individually by either ris
sensing or falling edge sensing, depending on the settings of bits WPEGS to WPEG(
IEGR2.

When pins WKP5 to WKPO are designated for interrupt input in PMR5 and the desi
signal edge isinput, the corresponding bit in IWPR is set to 1, requesting the CPU o
interrupt. These interrupts can be masked by setting bit IENWP in IENR1.
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signal

Internal read ' \ /  /

Internal write

signal :
Internal data : [ @) \ 3)
bus (16 bits) ] =/

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

Figure3.1 Reset Sequence

34.2 Internal Interrupts

Each on-chip peripheral module has aflag to show the interrupt request status and the en
enable or disable theinterrupt. For timer A interrupt requests and direct transfer interrupt
generated by execution of a SLEEP instruction, thisfunction isincluded in IRR1 and |EN

When an on-chip peripheral modul e requests an interrupt, the corresponding interrupt rec
status flag is set to 1, requesting the CPU of an interrupt. These interrupts can be masked
writing O to clear the corresponding enable bit.

343 Interrupt Handling Sequence
Interrupts are controlled by an interrupt controller.
Interrupt operation is described as follows.

1. If aninterrupt occurs while the NMI or interrupt enable bit is set to 1, an interrupt reg
signal is sent to the interrupt controller.
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break. Upon return from interrupt handling, the values of | bit and other bitsin CCR
restored and returned to the values prior to the start of interrupt exception handling.

6. Next, the CPU generates the vector address corresponding to the accepted interrupt,
transfers the address to PC as a start address of the interrupt handling-routine. Then:
starts executing from the address indicated in PC.

Figure 3.3 shows atypical interrupt sequence where the program areaisin the on-chip F
the stack areaisin the on-chip RAM.
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[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.
3. Ignored when returning from the interrupt handling routine.

Figure3.2 Stack Statusafter Exception Handling

344 Interrupt Response Time

Table 3.2 shows the number of wait states after an interrupt request flag is set until the fit
instruction of the interrupt handling-routine is executed.

Table3.2 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

Instruction fetch

AN

Internal processing
Note: * Notincluding EEPMOV instruction.
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9.9.4 NOLES O SlaClk Al ea Use

When word data is accessed, the least significant bit of the addressis regarded as 0. Acce
stack always takes place in word size, so the stack pointer (SP: R7) should never indicate
address. Use PUSH Rn (MOV.W Rn, @-SP) or POP Rn (MOV.W @SP+, Rn) to save ol
register values.

353 Noteson Rewriting Port Mode Registers

When a port mode register is rewritten to switch the functions of external interrupt pins, 1
IRQO, and WKP5 to WKPO, the interrupt request flag may be set to 1.

When switching a pin function, mask the interrupt before setting the bit in the port mode
After accessing the port mode register, execute at least one instruction (e.g., NOP), then ¢
interrupt request flag from 1 to 0.

Figure 3.4 shows a port mode register setting and interrupt request flag clearing procedur

Interrupts masked. (Another possibility
| CCR | bit«1 | 77777777 is to disable the relevant interrupt in
T interrupt enable register 1.)

I Set port mode register bit I

| After setting the port mode register bit,
I Execute NOP instruction I 777777 first execute at least one instruction
(e.g., NOP), then clear the interrupt
| request flag to 0.

I Clear interrupt request flag to 0 I

| CCR I bit«-0 | ffffffff Interrupt mask cleared

Figure3.4 Port Mode Register Setting and Interrupt Request Flag Clearing Pro
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!
—| Comparator |
i

| BARH ! BARL R
[2]
A I 3
< |. > ©
Interru_pt | ABRKCR e
generation I o
. ol - ©
control circuit fee I ABRKSR |<—> %
€

BDRH 1 BDRL |<—>

| Comparator |
» Interrupt
[Legend]

BARH, BARL: Break address register
BDRH, BDRL: Break data register

ABRKCR: Address break control register
ABRKSR: Address break status register

4.1

Figure4.1 Block Diagram of Addr

Register Descriptions

Address break has the following registers.

Address break control register (ABRKCR)
Address break status register (ABRKSR)
Break address register (BARH, BARL)
Break data register (BDRH, BDRL)

ess Break

ABKO0001A_000020020200

RENESAS
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CSEL1
CSELO

o

R/W
R/W

Condition Select 1 and 0

These bits set address break conditions.
00: Instruction execution cycle

01: CPU data read cycle

10: CPU data write cycle

11: CPU data read/write cycle

ACMP2
3 ACMP1
2 ACMPO

R/W
R/W
R/W

Address Compare Condition Select 2 to 0

These bits set the comparison condition betweel
address set in BAR and the internal address bus

000: Compares 16-bit addresses

001: Compares upper 12-bit addresses
010: Compares upper 8-bit addresses
011: Compares upper 4-bit addresses
1XX: Reserved (setting prohibited)

DCMP1
0 DCMPO

R/W
R/W

Data Compare Condition Select 1 and 0

These bits set the comparison condition betweel
set in BDR and the internal data bus.

00: No data comparison

01: Compares lower 8-bit data between BDRL a
bus

10: Compares upper 8-bit data between BDRH ¢
bus

11: Compares 16-bit data between BDR and dat

Legend: X: Don't care.
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nUIVI Space upper o DIts Lower o DItS upper o DItS Uppe
RAM space Upper 8 bits Lower 8 bits Upper 8 bits Uppe
I/O register with 8-bit data bus Upper 8 bits Upper 8 bits Upper 8 bits Uppe
width

I/O register with 16-bit data Upper 8 bits Lower 8 bits — —

bus width

41.2 Address Break Status Register (ABRKSR)

ABRKSR consists of the address break interrupt flag and the address break interrupt en:

Initial

Bit Bit Name Value R/W Description

7 ABIF 0 R/W Address Break Interrupt Flag
[Setting condition]
When the condition set in ABRKCR is satisfied
[Clearing condition]

When 0 is written after ABIF=1 is read

6 ABIE 0 R/W Address Break Interrupt Enable
When this bit is 1, an address break interrupt re
enabled.

5to0 — All 1 — Reserved

These bits are always read as 1.

RENESAS
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even and odd addresses in the data transmission. Therefore, comparison data must be set
BDRH for byte access. For word access, the data bus used depends on the address. See:
4.1.1, Address Break Control Register (ABRKCR), for details. Theinitial value of thisre
undefined.

4.2 Operation

When the ABIF and ABIE bitsin ABRKSR are set to 1, the address break function gener
interrupt request to the CPU. The ABIF bit in ABRKSR is set to 1 by the combination of
address set in BAR, the data set in BDR, and the conditions set in ABRKCR. When thei
request is accepted, interrupt exception handling starts after the instruction being execute
The address break interrupt is not masked by the | bit in CCR of the CPU.
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tuon uon uon 1 uon z internal
prefetch prefetch prefetch prefetch processing Stack save
| | | | | | |

S aiplpipipipigipigipigipligigh

pddress ~ Y0258 Y 025A (o025 X o25E A_SP-2 X _sp-4
Interrupt | E
request +

Interrupt acceptance

Figure4.2 AddressBreak Interrupt Operation Example (1)

When the address break is specified in the data read cycle

Register setting Program
¢ ABRKCR = H'A0 0258 NOP
* BAR = H'025A 025A NOP
*025C MOV.W @H'025A,R0
0260 NOP Underline indicates the address

0262 NOP to be stacked.

MOV MOV NOP MOV NOP Next

instruc-  instruc- instruc-  instruc- instruc-  instru-

tion 1 tion 2 tion tion tion ction Internal  Stack
prefetch prefetch prefetch execution prefetch prefetch processing save
| | | | | | | |

o UYL

bodress —YoasC_)_o025E ) 0260 ) 025A X 0262 Y o264 X sp-2

Interrupt I
request

Interrupt acceptance

Figure4.2 AddressBreak Interrupt Operation Example (2)
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System
clock
oscillator

Subclock
oscillator

Subclock pulse generator

dosc ;
Duty System 0sc/8 !
%0sc | corection |-20SC clock osc/16 T
(fosc) circuit (fosc) | divider oscj32 '
: 64 -
: 08¢ , Prescaler S
:L System clock pulse generator ' (13 bits)
: ow/2 E
ow Subclock | w/4 : dsus
(fw) divider | g8 !
E Prescaler W
. (5 bits)

Figure5.1 Block Diagram of Clock Pulse Generators

The basic clock signals that drive the CPU and on-chip peripheral modules are ¢ and ¢
system clock is divided by prescaler S to become a clock signal from ¢/8192 to ¢/2, and
subclock is divided by prescaler W to become a clock signal from ¢w/128 to ¢w/8. Boitt
system clock and subclock signals are provided to the on-chip peripheral modules.

CPG0200A_000020020200
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0SC+ (@—l—l o

LPM: Low-power mode (standby mode, subactive mode, subsleep mode)

Figure5.2 Block Diagram of System Clock Generator

511 Connecting Crystal Resonator

Figure 5.3 shows atypical method of connecting a crystal resonator. An AT-cut parallel-
crystal resonator should be used. Figure 5.4 shows the equivalent circuit of acrystal resol
resonator having the characteristics given in table 5.1 should be used.

Gy

0OSC+ TI |_I)7

2 L ci=caz10t022pF

Figure5.3 Typical Connection to Crystal Resonator

0OSCy =— — OSC»

Figure5.4 Equivalent Circuit of Crystal Resonator
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Cy
o1 1 h)
] C,
0SC, ;«L| '77'7 Cq=51030pF

C, =510 30 pF

Figure5.5 Typical Connection to Ceramic Resonator

513 External Clock Input Method

Connect an external clock signal to pin OSC,, and leave pin OSC, open. Figure 5.6 shov
connection. The duty cycle of the external clock signal must be 45 to 55%.

0OSCy |—— External clock input

0OSsC,

Open

Figure5.6 Example of External Clock Input
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INOte : hegistance IS a reterence value.

Figure5.7 Block Diagram of Subclock Generator

521 Connecting 32.768-kHz Crystal Resonator

Clock pulses can be supplied to the subclock divider by connecting a 32.768-kHz crystal
resonator, as shown in figure 5.8. Figure 5.9 shows the equivalent circuit of the 32.768-k
resonator.

Cy
X‘j—”_”l,

(] Co
X24T—||_”l7

Cy =C2=15pF (typ.)

Figure5.8 Typical Connection to 32.768-kHz Crystal Resonator

Ls Cs Rs

7000 { | MWV

X1<; 4’)(2

Co = 1.5 pF (typ.)
Rs = 14 kQ (typ.)
fw = 32.768 kHz

Note: Constants are reference values.

Figure5.9 Equivalent Circuit of 32.768-kHz Crystal Resonator
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Figure5.10 Pin Connection when not Using Subclock

53 Prescalers

531 Prescaler S

Prescaler Sisa 13-bit counter using the system clock (¢) asitsinput clock. It isincreme
per clock period. Prescaler Sisinitialized to H'0000 by areset, and starts counting on e
the reset state. In standby mode, subactive mode, and subsleep mode, the system clock |
generator stops. Prescaler S also stops and isinitialized to H'0000. The CPU cannot rea
prescaler S. The output from prescaler Sis shared by the on-chip peripheral modules. T
ratio can be set separately for each on-chip periphera function. In active mode and slegy
the clock input to prescaler Sis determined by the division factor designated by MA2 tc
SYSCR2.

53.2 Prescaler W

Prescaler W is a 5-bit counter using a 32.768 kHz signal divided by 4 (¢,/4) asitsinput
divided output is used for clock time base operation of timer A. Prescaler W isinitialize
by areset, and starts counting on exit from the reset state. Even in standby mode, subac
or subsleep mode, prescaler W continues functioning so long as clock signals are suppli
X, and X,. Prescaler W can bereset by setting 1sin bits TMA3 and TMA2 of timer mo
A (TMA).
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54.2 Noteson Board Design

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

Avoid ——— Signal A Signal B

0SC4

0SC, | |—77|7

Figure5.11 Example of Incorrect Board Design
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The CPU and all on-chip peripheral modules are operable on the subclock. The sub
frequency can be selected from ow/2, ow/4, and ow/8.

Sleep mode

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

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

The CPU and all on-chip peripheral modules halt. When the clock time-base functio
selected, timer A isoperable.

Module standby mode

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

6.1 Register Descriptions

The registers related to power-down modes are listed below.

System control register 1 (SYSCR1)
System control register 2 (SY SCR2)
Module standby control register 1 (MSTCRL1)
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For details, see table 6.2.

STS2
STS1
4 STSO

R/W
R/W
R/W

Standby Timer Select 2 to 0

These bits designate the time the CPU and perif
modules wait for stable clock operation after exit
standby mode, subactive mode, or subsleep mo
active mode or sleep mode due to an interrupt. 1
designation should be made according to the clc
frequency so that the waiting time is at least 6.5
relationship between the specified value and the
of wait states is shown in table 6.1. When an ext
clock is to be used, the minimum value (STS2 =
STSO0 = 1) is recommended.

3 NESEL

R/W

Noise Elimination Sampling Frequency Select

The subclock pulse generator generates the wat
signal (¢,,) and the system clock pulse generator
generates the oscillator clock (¢,.). This bit sele
sampling frequency of the oscillator clock when
clock signal (¢,,) is sampled. When ¢_..= 4 to 20
clear NESEL to 0.

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

2to0 —

AllO

Reserved
These bits are always read as 0.
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1 0 128 states 0.00 0.00 0.01 0.02 0.03 0.06 0.13

1 16 states 0.00 0.00 0.00 0.00 0.00 0.01 0.02

Note: Time unit is ms.
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For details, see table 6.2.

4 MA2 R/W Active Mode Clock Select 2 to 0
MA1 R/W These bits select the operating clock frequency |
2 MAO 0 R/W and sleep modes. The operating clock frequenc)
changes to the set frequency after the SLEEP in
is executed.
OXX: Opge
100: ¢,../8
101: ¢pe/16
110: ¢,/32
111: ¢ /64
SA1 R/W Subactive Mode Clock Select 1 and 0
0 SAO0 R/W These bits select the operating clock frequency |

subactive and subsleep modes. The operating ¢
frequency changes to the set frequency after the
instruction is executed.

00: ¢,,/8
01: ¢,/4
1X: ¢,/2
Legend: X:Don't care.
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MSTS3

R/W

SCI3 Module Standby
SCI3 enters standby mode when this bit is set 1

MSTAD

R/W

A/D Converter Module Standby

A/D converter enters standby mode when this |
1

MSTWD

R/W

Watchdog Timer Module Standby

Watchdog timer enters standby mode when thi:
to 1.When the internal oscillator is selected for
watchdog timer clock, the watchdog timer oper:
regardless of the setting of this bit

MSTTW

R/W

Timer W Module Standby
Timer W enters standby mode when this bit is ¢

MSTTV

R/W

Timer V Module Standby
Timer V enters standby mode when this bit is s

MSTTA

R/W

Timer A Module Standby
Timer A enters standby mode when this bit is s
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ettt S

each mode.

Reset state

Program halt state Program execution state

Program halt st

Direct transition
interrupt

: SLEEP | SLEEP Y G
i instruction instruction !

E Standby mode | Active mode | 4 " Sleep mode

H Interrupt i Interrupt !

! ' —
A \:\SLEEP

: \ instruction

E Direct Direct E Interrupt.

' transition transition ! !

! ! interrupt interrupt ! !

' SLEEP ' '

i instruction , i

; : SLEEP ! :

E E instruction Interrupt '

| . Y . ,

, : N | SLEEP v —
, : : instruction o

E E Subactive 4' 'r Subsleep modk
' ' mode < T

' ' ! Interrupt '

H H —

Ve e e e ' I N Direct transition |
interrupt

Notes: 1. To make a transition to another mode by an interrupt, make sure interrupt handling is after the int
is accepted.
2. Details on the mode transition conditions are given in table 6.2.

Figure6.1 Mode Transition Diagram
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transition)

X X 1 Subactive mode (direct —
transition)

Legend: X:Don’t care.
* When a state transition is performed while SMSEL is 1, timer V, SCI3, and th
converter are reset, and all registers are set to their initial values. To use thes
functions after entering active mode, reset the registers.
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Uit

retal

outp
high
impe
state
External IRQ3 to IRQO  Functioning Functioning Functioning Functioning Fun
interrupts WKP5 to Functioning Functioning Functioning Functioning Fun
WKPO
Peripheral Timer A Functioning Functioning Functioning if the timekeeping time-b
functions function is selected, and retained if n
Timer V Functioning Functioning Reset Reset Res
Timer W Functioning Functioning Retained (if internal clock ¢ is  Rete
selected as a count clock, the
counter is incremented by a
subclock*)
Watchdog Functioning Functioning Retained (functioning if the internal o
timer selected as a count clock*)
SCI3 Functioning Functioning Reset Reset Res
IIC Functioning Functioning Retained* Retained Rete
A/D converter  Functioning Functioning Reset Reset Res
Note: * Registers can be read or written in subactive mode.
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6.2.2 Standby Mode

In standby mode, the clock pulse generator stops, so the CPU and on-chip peripheral mc
functioning. However, as long as the rated voltage is supplied, the contents of CPU regi:
chip RAM, and some on-chip peripheral module registers are retained. On-chip RAM c
will be retained as long as the voltage set by the RAM data retention voltage is providec
ports go to the high-impedance state.

Standby mode is cleared by an interrupt. When an interrupt is requested, the system cloc
generator starts. After the time set in bits STS2-STS0 in SY SCR1 has elapsed, and inte
exception handling starts. Standby mode is not cleared if the | bit of CCRissetto 1 ort
requested interrupt is disabled in the interrupt enable register.

When the RES pin goes low, the system clock pulse generator starts. Since system cloch
are supplied to the entire chip as soon as the system clock pulse generator starts functior
RES pin must be kept low until the pulse generator output stabilizes. After the pulse ger
output has stabilized, the CPU starts reset exception handling if the RES pin is driven hi

6.2.3 Subsleep Mode

In subsleep mode, operation of the CPU and on-chip peripheral modules other than time
halted. Aslong as arequired voltage is applied, the contents of CPU registers, the on-ch
and some registers of the on-chip peripheral modules are retained. 1/0 ports keep the sal
as before the transition.

Subsleep modeis cleared by an interrupt. When an interrupt is requested, subsleep mod
and interrupt exception handling starts. Subsleep modeis not cleared if the | bit of CCR
or the requested interrupt is disabled in the interrupt enable register. After subsleep moc
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SAOQ hitsin SY SCR2. After the SLEEP instruction is executed, the operating frequency ¢
the frequency which is set before the execution. When the SLEEP instruction is executed
subactive mode, atransition to sleep mode, subsleep mode, standby mode, active mode, ¢
subactive mode is made, depending on the combination of SY SCR1 and SY SCR2. When
pin goes low, the system clock pulse generator starts. Since system clock signals are supy
the entire chip as soon as the system clock pulse generator starts functioning, the RES pir
kept low until the pulse generator output stabilizes. After the pulse generator output has <
the CPU starts reset exception handling if the RES pin is driven high.

6.3 Operating Frequency in Active Mode

Operation in active mode is clocked at the frequency designated by the MA2, MA1, and |
in SY SCR2. The operating frequency changes to the set frequency after SLEEP instructic
execution.
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Dy means of an Interrupt.

6.4.1 Direct Transition from Active M ode to Subactive M ode

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 interrupt exception handling ¢
(tsubcyc after transition) (1)

Example
Direct transition time = (2 + 1) x tosc + 14 x 8tw = 3tosc + 112tw
(when the CPU operating clock of ¢ — ¢,/8 is selected)

L egend

tosc: OSC clock cycletime

tw: watch clock cycletime

teyc: system clock (¢) cycle time
tsubcyc: subclock (¢g,,) cycletime

6.4.2 Direct Transition from Subactive Modeto Active M ode

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

Direct transition time = { (humber of SLEEP instruction execution states) + (number of |
processing states)} x (tsubcyc before transition) + { (waiting time set in bits STS2 to ST
(number of interrupt exception handling states)} x (tcyc after transition) 2
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The module-standby function can be set to any peripheral module. In module standby mc
clock supply to modules stops to enter the power-down mode. Module standby mode ena
on-chip peripheral module to enter the standby state by setting a bit that corresponds to e
module to 1 and cancels the mode by clearing the bit to O.
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— The flash memory can be reprogrammed up to 1,000 times.
e On-board programming
— On-board programming/erasing can be done in boot mode, in which the boot pro
into the chip is started to erase or program of the entire flash memory. In normal
program mode, individual blocks can be erased or programmed.

e Programmer mode

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

e Automatic bit rate adjustment

— For data transfer in boot mode, this LSI's bit rate can be automatically adjusted t
the transfer bit rate of the host.

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

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

7.1 Block Configuration

Figure 7.1 shows the block configuration of 32-kbyte flash memory. Thethick linesinc
erasing units, the narrow lines indicate programming units, and the values are addresses
memory isdivided into 1 kbyte x 4 blocks and 28 kbytes x 1 block. Erasing is performe
units. Programming is performed in 128-byte units starting from an address with lower
H'00 or H'80.
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Erase unit ' ' ' '
1kbyte | | '
HOB8O @ HOB81 : HOB8E2 ! ! HOBFF
H'0C00 : H'0CO01 : H'0C02 : ~— Programming unit: 128 bytes — : H'0C7F
Eraseunit| HoC80 ! HOC81 @' HOC82 ! ' HOCFF
1kbyte E E i ,
HOF80 @ HOF81 : HOF82 ! ! HOFFF
H'1000 E H'1001 E H'1002 E ~— Programming unit: 128 bytes — E H107F
Eraseunit| H41080 : H1081 @ H41082 ! | H1OFF
28 kbytes i i | i
H7F80 | H7F81 | H7F82 ! | H7FFF

Figure7.1 Flash Memory Block Configuration

7.2 Register Descriptions

The flash memory has the following registers.

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

e FEraseblock register 1 (EBR1)
e Flash memory power control register (FLPWCR)
e Flash memory enable register (FENR)
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When this bit is set to 1, flash memory
programming/erasing is enabled. When this bif
to 0, other FLMCR1 register bits and all EBR1 |
be set.

ESU

R/W

Erase Setup

When this bit is set to 1, the flash memory char
erase setup state. When it is cleared to 0, the «
setup state is cancelled. Set this bit to 1 before
E bit to 1 in FLMCR1.

PSU

R/W

Program Setup

When this bit is set to 1, the flash memory char
program setup state. When it is cleared to 0, tt
setup state is cancelled. Set this bit to 1 before
the P bit in FLMCR1.

EV

R/W

Erase-Verify

When this bit is set to 1, the flash memory char
erase-verify mode. When it is cleared to 0, era
mode is cancelled.

PV

R/W

Program-Verify

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

R/W

Erase

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

Rev.5.00 Nov. 02, 2005 Pa
RENESAS REJOS



e e e A T e

read-only register, and should not be written to

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

Indicates that an error has occurred during an oy
on flash memory (programming or erasing). Wh
is set to 1, flash memory goes to the error-protec
state.

See 7.5.3, Error Protection, for details.
6to0 — AllO — Reserved
These bits are always read as 0.
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will be erased.

EB3

RW

When this bit is set to 1, 1 kbyte of H'0OCO00 to I
be erased.

EB2

R/W

When this bit is set to 1, 1 kbyte of H'0800 to H
be erased.

EB1

R/W

When this bit is set to 1, 1 kbyte of H'0400 to H
be erased.

EBO

R/W

When this bit is set to 1, 1 kbyte of H'0000 to H
be erased.
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When this bit is 0 and a transition is made to sul
mode, the flash memory enters the power-down
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.

725 Flash Memory Enable Register (FENR)

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

Initial
Bit Bit Name Value R/W Description
7 FLSHE 0 R/W Flash Memory Control Register Enable
Flash memory control registers can be accessec
this bit is set to 1. Flash memory control register
be accessed when this bit is set to 0.
6to0 — All O — Reserved

These bits are always read as 0.
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viaSCI3. After erasing the entire flash memory, the programming control programis e
This can be used for programming initial values in the on-board state or for aforciblere
programming/erasing can no longer be done in user program mode. In user program m
individual blocks can be erased and programmed by branching to the user program/eras
program prepared by the user.

Table7.1  Setting Programming M odes

TEST NMI P85 PBO PB1 PB2 LSI State after Reset Ent
0 1 X X X X User Mode

0 0 1 X X X Boot Mode

1 X X 0 0 0 Programmer Mode

Legend: X:Don't care.

7.3.1 Boot Mode

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

1. When boot mode is used, the flash memory programming control program must be
the host beforehand. Prepare a programming control program in accordance with th
description in section 7.4, Flash Memory Programming/Erasing.

2. SCI3 should be set to asynchronous mode, and the transfer format as follows: 8-hit
bit, and no parity.

3. When the boot program isinitiated, the chip measures the low-level period of asyncl
SCI communication data (H'00) transmitted continuously from the host. The chip th
calculates the bit rate of transmission from the host, and adjusts the SCI3 bit rateto 1
of the host. The reset should end with the RxD pin high. The RxD and TxD pins sh
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The boot program area cannot be used until the execution state in boot mode switches
programming control program.

6. Before branching to the programming control program, the chip terminates transfer of
by SCI3 (by clearing the RE and TE hitsin SCR to 0), however the adjusted bit rate v
remains set in BRR. Therefore, the programming control program can still useit for |
of write data or verify datawith the host. The TxD pinishigh (PCR22 = 1, P22 = 1).
contents of the CPU general registers are undefined immediately after branching to th
programming control program. These registers must be initialized at the beginning of
programming control program, as the stack pointer (SP), in particular, is used implicis
subroutine calls, etc.

7. Boot mode can be cleared by areset. End the reset after driving the reset pin low, wa
least 20 states, and then setting the NMI pin. Boot mode is also cleared when aWDT
OCCurs.

8. Do not change the TEST pin and NMI pin input levelsin boot mode.
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Bit rate adjustn

+ * Calculates bit rate and sets BRI

Transmits data H'55 when data H'00 H00 * Transmits data H'00 to host as
is received error-free. end indication.

A

H'55

» H'55 reception.

Flash memory erase

Boot program HFF Checks flash memory data, eras
v erase error memory blocks in case of writter
existing, and transmits data H'A/
HAA (If erase could not be done, tran:
H'AA reception H'FF to host and aborts operatio

A

Transfer of number of bytes of
programming control program

v v

Upper bytes, lower bytes |
» Echobacks the 2-byte data

Transmits number of bytes (N) of

programming control program to be Echoback received to host.
transferred as 2-byte data
(low-order byte following high-order
byte)
H'XX . Echobacks received data to host
Transmits 1-byte of programming Echoback ® transfers it to RAM.

control program (repeated for N times) (repeated for N times)

! l

H'AA reception < HAA Transmits data H'AA to host.

A

v
Branches to programming contre
transferred to on-chip RAM and
execution.
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On-board programming/erasing of an individual flash memory block can also be perform
program mode by branching to a user program/erase control program. The user must set |
conditions and provide on-board means of supplying programming data. The flash mema
contain the user program/erase control program or a program that provides the user progr
control program from external memory. As the flash memory itself cannot be read during
programming/erasing, transfer the user program/erase control program to on-chip RAM,
mode. Figure 7.2 shows a sample procedure for programming/erasing in user program m
Prepare a user program/erase control program in accordance with the description in sectic
Flash Memory Programming/Erasing.
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program in RAIVI |

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

Branch to flash memory application
program

Figure7.2 Programming/Erasing Flowchart Examplein User Program M
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741 Program/Program-Verify

When writing data or programs to the flash memory, the program/program-verify flowch
in figure 7.3 should be followed. Performing programming operations according to this
will enable data or programs to be written to the flash memory without subjecting the chi
voltage stress or sacrificing program datareliability.

1.

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

Programming should be carried out 128 bytesat atime. A 128-byte data transfer mu
performed even if writing fewer than 128 bytes. In this case, H'FF data must be writt
extra addresses.

Prepare the following data storage areasin RAM: A 128-byte programming data area
byte reprogramming data area, and a 128-byte additional-programming data area. Pe
reprogramming data computation according to table 7.4, and additional programming
computation according to table 7.5.

Consecutively transfer 128 bytes of datain byte units from the reprogramming data a
additional-programming data area to the flash memory. The program address and 12
data are latched in the flash memory. The lower 8 bits of the start address in the flash
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 7.6 shows
allowable programming times.

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

For adummy write to a verify address, write 1-byte data H'FF to an address whose |0
are B'00. Verify data can be read in words or in longwords from the address to whict
dummy write was performed.
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| Wait‘ 5us

i

| Clear PSU bit in FLMCR1

| Wait 5 us

i

[ Disable WDT

1
End Sub

L
| Apply Write pulse I
1]

[ Set PV bitin FLMCR1 |
1]

[ Wait 4 us |

Set block start address as
verify address

)

[ HFF dummy write to verify address |

[ Read verify data |

Increment address

[ Wait 2 us | >*
i

[ Clear PV bit in FLMCR1 |

]
[ Wait 2 us |

Yes

Successively write 128-byte data from additional-
programming data area in RAM to flash memory

ub-Routine-Cal
” Apply Write Pulse H

e

es
[ Clear SWE bitin FLMCR1 |

No
Clear SWE bit in FLMCR1 |

i
[ Wait 100 us |
L]

i
Wait 100 ps. |

End of programming

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

Programming failure

Figure 7.3 Program/Program-Verify Flowchart
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Reprogram Data Verify Data Data Comments

0 0 0 Additional-program |
0 1 1 No additional progre
1 0 1 No additional progre
1 1 1 No additional progre

Table7.6  Programming Time

n Programming In Additional

(Number of Writes) Time Programming Comments
1to6 30 10

7 to 1,000 200 —

Note: Time shown in ps.

742 Erase/Erase-Verify

When erasing flash memory, the erase/erase-verify flowchart shown in figure 7.4 should
followed.

1. Prewriting (setting erase block datato all 0s) is not necessary.

2. Erasingisperformed in block units. Make only asingle-hit specification in the erase
register (EBR1). To erase multiple blocks, each block must be erased in turn.

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

4. Thewatchdog timer (WDT) is set to prevent overerasing due to program runaway, et
overflow cycle of approximately 19.8 msis allowed.
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. Interrupt during programming/erasing may cause a violation of the programming or
algorithm, with the result that normal operation cannot be assured.

. If interrupt exception handling starts before the vector address iswritten or during
programming/erasing, a correct vector cannot be fetched and the CPU malfunctions.
. If an interrupt occurs during boot program execution, normal boot mode sequence c:
carried out.
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L E DIt < U |
T

| Wait 10 s |
[ ESU bit < 10 |
| 10'us |
[ Disablie WDT |
| EV bit « 1 |
| Wait 20 us |

i
| Set block start address as verify address |

1
| HFF dummy wril? to verify address |

I Wa_itlgLs I>* | nen+1 I

Read verify data

No

:Incremenl:address Verify data + all 1s ?
No
Last address of block ?
| EV bit < 0 | | EV bit < 0 |
1 1
| Wait 4 us | | Wait 4us |

No

@ Yes

All erase block erased ?

No
| SWE bit < 0 | | SWE bit < 0 |
1 1
| Wait 100 us | | Wait 100 us |

End of erasing

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

Figure7.4 Erase/Erase-Verify Flowchart
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entered unless the RES pinisheld low until oscillation stabilizes after powering on. In't
areset during operation, hold the RES pin low for the RES pulse width specified in the.
Characteristics section.

75.2 Softwar e Protection

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

7.5.3 Error Protection

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

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

e When the flash memory of the relevant address areais read during programming/ere
(including vector read and instruction fetch)

o Immediately after exception handling excluding areset during programming/erasing
e When a SLEEP instruction is executed during programming/erasing

The FLMCRL1, FLMCR2, and EBRL settings are retained, however program mode or er
is aborted at the point at which the error occurred. Program mode or erase mode cannot
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In user mode, the flash memory will operate in either of the following states:

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

Table 7.7 shows the correspondence between the operating modes of this LS| and the fla
memory. In subactive mode, the flash memory can be set to operate in power-down mods
PDWND bit in FLPWCR. When the flash memory returns to its normal operating state ft
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 state
STS2to STSO in SY SCR1 must be set to provide await time of at least 20 ps, even wher
external clock is being used.
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H8/3692 512 kbytes H'FD80 to H'FF7F
H8/3691 512 kbytes H'FD80 to H'FF7F
H8/3690 512 kbytes H'FD80 to H'FF7F
EEPROM Flash H8/3694N 2 kbytes H'F780 to H'FF7F*
stacked memory
version version
Mask-ROM 1 kbyte H'FB80 to H'FF7F
version

Note: * When the E7 or E8 is used, area H'F780 to H'FB7F must not be accessed.

RAMO0300A_000120030300
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SLONNY Output Udla ail'll Lal'l S UL ITIPULY OULPULS 1T DIt Uriits. RO TUriCuoris 1 call't pOrt,
appendix B.1, 1/O Port Block Diagrams. For the execution of bit manipulation instructic
port control register and port data register, see section 2.8.3, Bit Manipulation Instructio

9.1 Port 1

Port 1 isageneral 1/0O port also functioning as IRQ interrupt input pins, atimer A outpu
atimer V input pin. Figure 9.1 shows its pin configuration.

~— P17/IRQ3/TRGV
~——— P16/IRQ2

-———= Pi5/RQT
Port1 | «———= P14/RQ0

-~ P12

-~ P11

~—— P10/TMOW

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

e Port moderegister 1 (PMR1)

o Port control register 1 (PCR1)

e Port dataregister 1 (PDR1)

e Port pull-up control register 1 (PUCR1)
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6 IRQ2 0

R/W

P16/IRQ2 Pin Function Switch

This bit selects whether pin P16/IRQ2 is used as
as IRQ2.

0: General I/O port
1: IRQ2 input pin

5 IRQ1 0

R/W

P15/IRQ1 Pin Function Switch

This bit selects whether pin P15/IRQ1 is used as
as IRQ1.

0: General I/O port
1: IRQ1 input pin

4 IRQO 0

R/W

P14/IRQO Pin Function Switch

This bit selects whether pin P14/IRQO is used as
as IRQO.

0: General I/O port
1: IRQO input pin

3,2 — All1

Reserved
These bits are always read as 1.

1 TXD 0

R/W

P22/TXD Pin Function Switch

This bit selects whether pin P22/TXD is used as
as TXD.

0: General I/O port
1: TXD output pin

0 TMOW 0

R/W

P10/TMOW Pin Function Switch

This bit selects whether pin P10/TMOW is used
as TMOW.

0: General I/O port
1: TMOW output pin
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2 PCR12 0 w
1 PCR11 0 W
0 PCR10 0 W

913 Port Data Register 1 (PDR1)

PDR1 isageneral |/O port data register of port 1.

Initial

Bit Bit Name Value R/W Description
7 P17 0 R/W PDR1 stores output data for port 1 pins.
6 P16 0 R/W If PDR1 is read while PCR1 bits are setto 1, th
5 P15 0 R/W stored in PDR1 are read. If PDR1 is read while

are cleared to 0, the pin states are read regard!
4 P14 0 R/W value stored in PDR1.
3 - 1 - Bit 3 is a reserved bit. This bit is always read a:
2 P12 0 R/W
1 P11 0 R/W
0 P10 0 R/W
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2 PUCR12 0 R/W
1 PUCR11 0 R/W
0 PUCR10 O R/W

9.15 Pin Functions
The correspondence between the register specification and the port functions is shown be

P17/IRQ3/TRGV pin

Register PMR1 PCR1
Bit Name IRQ3 PCR17 Pin Function
Setting value 0 0 P17 input pin
1 P17 output pin
1 X IRQ3 input/TRGV input pin

Legend: X: Don't care.

P16/IRQ2 pin
Register PMR1 PCR1
Bit Name IRQ2 PCR16 Pin Function
Setting value 0 0 P16 input pin
1 P16 output pin
1 X IRQ2 input pin

Legend: X: Don't care.
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Register PMR1 PCR1

Bit Name IRQO PCR14 Pin Function

Setting value 0 0 P14 input pin
1 P14 output pin
X IRQO input pin

Legend: X: Don't care.

P12 pin

Register PCR1

Bit Name PCR12 Pin Function

Setting value 0 P12 input pin
1 P12 output pin

P11 pin

Register PCR1

Bit Name PCR11 Pin Function

Setting value 0 P11 input pin

P11 output pin

RENESAS
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Port 2 isageneral /O port also functioning as a SCI3 1/0O pin. Each pin of the port 2 is s
figure 9.2. Theregister settings of PMR1 and SCI 3 have priority for functions of the pins
uses.

~—— P22/TXD
Port 2 ~—— P21/RXD
~— P20/SCK3

Figure9.2 Port 2 Pin Configuration
Port 2 has the following registers.

o Port control register 2 (PCR2)
e Port dataregister 2 (PDR2)

Rev.5.00 Nov. 02,2005 Page 114 of 418
REJ09B0028-0500 RENESAS



9.2.2 Port Data Register 2 (PDR2)

PDR2 isageneral |/O port data register of port 2.

Initial
Bit Bit Name Value R/W Description
7t03 — All 1 — Reserved
These bits are always read as 1.
2 p22 0 R/W PDR2 stores output data for port 2 pins.
P21 0 R/W If PDR2 is read while PCR2 bits are set to 1, th
0 P20 0 R/W stored in PDR2 is read. If PDR2 is read while F

are cleared to 0, the pin states are read regard!
value stored in PDR2.
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1

TXD output pin

Legend: X: Don't care.

P21/RXD pin
Register SCR3 PCR2
Bit Name RE PCR21 Pin Function
Setting 0 0 P21 input pin
Value
1 P21 output pin
1 X RXD input pin
Legend: X: Don't care.
P20/SCK 3 pin
Register SCR3 SMR PCR2
Bit Name CKE1 CKEO COM PCR20 Pin Function
Setting Value 0 0 0 0 P20 input pin
1 P20 output pin
0 0 1 X SCKS output pir
0 1 X X SCK3 output pir
1 X X X SCKS input pin

Legend: X: Don't care.
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~—— P57/SCL ~—— SCL

~—— P56/SDA ~—— SDA

~——— P55/WKP5/ADTRG ~—— P55/ WKP5/ADTR(
Ports | P54/WKP4 Ports | P54/WKP4

~—— P53/WKP3 ~—— P53/ WKP3

~——— P52/WKP2 ~——— P52/WKP2

~—— P51/WKPT1 ~— P51/ WKP1

~—— P50/WKPO ~— P50/WKP0O

Figure9.3 Port 5 Pin Configuration
Port 5 has the following registers.

e Port moderegister 5 (PMR5)

e Port control register 5 (PCR5)

e Port dataregister 5 (PDR5)

e Port pull-up control register 5 (PUCR5)
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0: General I/O port
1: WKP5/ADTRG input pin

4 WKP4

R/W

P54/WKP4 Pin Function Switch

Selects whether pin P54/WKP4 is used as P54 «
WKP4.

0: General I/O port
1: WKP4 input pin

3 WKP3

R/W

P53/WKP3 Pin Function Switch

Selects whether pin P53/WKP3 is used as P53 «
WKP3.

0: General I/O port
1: WKP3 input pin

2 WKP2

R/W

P52/WKP2 Pin Function Switch

Selects whether pin P52/WKP2 is used as P52 «
WKP2.

0: General I/O port
1: WKP2 input pin

1 WKP1

R/W

P51/WKP1 Pin Function Switch

Selects whether pin P51/WKP1 is used as P51 «
WKP1.

0: General I/O port
1: WKP1 input pin

0 WKPO

R/W

P50/WKPO Pin Function Switch

Selects whether pin P50/WKPO is used as P50 ¢
WKPO.

0: General I/O port
1: WKPO input pin
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PCR52

2 0 w
1 PCR51 0 W
0 PCR50 0 W

9.33 Port Data Register 5 (PDR5)

PDR5 isageneral |/O port data register of port 5.

Initial

Bit Bit Name Value R/W Description
7 P57 0 R/W Stores output data for port 5 pins.
6 P56 0 R/W If PDR5 is read while PCR5 bits are set to 1, th
5 P55 0 R/W stored in PDR5 are read. If PDR5 is read while

are cleared to 0, the pin states are read regard!
4 P54 0 R/W value stored in PDR5.
3 P53 0 R/W Note: The P57 and P56 bits should not be set t
2 P52 0 R/W H8/3694N.
1 P51 0 R/W
0 P50 0 R/W
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3 PUCR53 0 R/W these bits are cleared,to 0.
2 PUCR52 0 R/W
1 PUCR51 0 R/W
0 PUCR50 O R/W

9.35 Pin Functions

The correspondence between the register specification and the port functions is shown be

P57/SCL pin
Register ICCR1 PCR5
Bit Name ICE PCR57 Pin Function
Setting 0 0 P57 input pin
Value
1 P57 output pin
1 X SCL 1/O pin

Legend: X: Don't care.

SCL performs the NMOS open-drain output, that enables a direct bus drive.
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SDA performs the NMOS open-drain output, that enables a direct bus drive.

P55/WKP5/ADTRG pin

Register PMR5 PCRS5
Bit Name WKP5 PCR55 Pin Function
Setting 0 0 P55 input pin
Value
1 P55 output pin
1 X WKP5/ADTRG input pin
Legend: X: Don't care.
P54/WKP4 pin
Register PMR5 PCR5
Bit Name WKP4 PCR54 Pin Function
Setting 0 0 P54 input pin
Value
1 P54 output pin
1 X WKP4 input pin

Legend: X: Don't care.

RENESAS
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P52/WK P2 pin

Register PMR5 PCR5
Bit Name WKP2 PCR52 Pin Function
Setting 0 0 P52 input pin
Value
1 P52 output pin
1 X WKP2 input pin
Legend: X: Don't care.
P51/WKP1 pin
Register PMR5 PCR5
Bit Name WKP1 PCR51 Pin Function
Setting 0 0 P51 input pin
Value
1 P51 output pin
1 X WKPT input pin

Legend: X: Don't care.
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9.4 Port 7

Port 7 isageneral /O port also functioning asatimer V 1/0 pin. Each pin of the port 7/
in figure 9.4. The register setting of TCSRV intimer V has priority for functions of pin

P76/TMOQV. The pins, P75/TMCIV and P74/TMRIV, are also functioning astimer V in
that are connected to the timer V regardless of the register setting of port 7.

P76/TMOV
P75/TMCIV
P74/TMRIV

Port 7

Figure9.4 Port 7 Pin Configuration
Port 7 has the following registers.

e Port control register 7 (PCR7)
e Port dataregister 7 (PDR7)
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P76/TMQV pin.
3to0 — — — Reserved

94.2 Port Data Register 7 (PDR7)
PDR7 isageneral |/O port data register of port 7.

Initial
Bit Bit Name Value R/W Description

7 — 1 — Reserved
This bit is always read as 1.
P76 0 R/W PDRY7 stores output data for port 7 pins.

P75 0 R/W If PDRY7 is read while PCR7 bits are set to 1, the
stored in PDR?7 is read. If PDR7 is read while PC

4 P74 0 R/W .
are cleared to 0, the pin states are read regardle
value stored in PDR7.

3to0 — All1 — Reserved

These bits are always read as 1.
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Other than
the above
values

X TMOV output pin

Legend: X: Don't care.

P75/TMCIV pin

Register PCR7

Bit Name PCR75 Pin Function

Setting 0 P75 input/TMCIV input pin
Value

P75 output/TMCIV input pin

P74/TMRIV pin

Register PCR7

Bit Name PCR74 Pin Function

Setting 0 P74 input/TMRIV input pin
Value

P74 output/TMRIV input pin

RENESAS
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Port 8 ~—— P84/FTIOD
~——— P83/FTIOC
~— P82/FTIOB
~—— P81/FTIOA

~—— P80/FTCI

Figure9.5 Port 8 Pin Configuration
Port 8 has the following registers.
e Port control register 8 (PCR8)
e Port dataregister 8 (PDRS)
95.1 Port Control Register 8 (PCR8)

PCRS8 selects inputs/outputs in bit units for pins to be used as general 1/O ports of port 8.

Initial
Bit Bit Name Value R/W Description
7 PCR87 0 W When each of the port 8 pins P87 to P80 functio
6 PCRS6 0 w general I/O port, setting a PCR8 bit to 1 makes t
corresponding pin an output port, while clearing
5 PCR85 0 w 0 makes the pin an input port.
4 PCR84 0 w
3 PCR83 0 w
2 PCR82 0 w
1 PCR81 0 w
0 PCR80 0 w
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3 P83
2 P82
1 P81
0 P80

o O O o

R/W
R/W
R/W

9.5.3 Pin Functions

The correspondence between the register specification and the port functions is shown &

P87 pin
Register PCRS8
Bit Name PCR87 Pin Function
Setting 0 P87 input pin
Value
1 P87 output pin
P86 pin
Register PCRS8
Bit Name PCR86 Pin Function
Setting 0 P86 input pin
Value
1 P86 output pin
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Bit Name 10D2 IOD1 I0D0 PCR84  Pin Function
Setting 0 0 0 0 P84 input/FTIOD input pin
Value
1 P84 output/FTIOD input pin
0 1 X FTIOD output pin
1 X X FTIOD output pin
X X 0 P84 input/FTIOD input pin
1 P84 output/FTIOD input pin
Legend: X: Don't care.
P83/FTIOC pin
Register TIOR1 PCRS8
Bit Name 10C2 I0C1 I0CO PCR83  Pin Function
Setting 0 0 0 0 P83 input/FTIOC input pin
Value
1 P83 output/FTIOC input pin
0 1 X FTIOC output pin
X X FTIOC output pin
1 X X 0 P83 input/FTIOC input pin
1 P83 output/FTIOC input pin
Legend: X: Don't care.
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1 P82 output/FTIOB input pin

Legend: X: Don't care.

P8L/FTIOA pin
Register TIORO PCRS8
Bit Name I0A2 IOA1 IOAOQ PCR81 Pin Function
Setting 0 0 0 0 P81 input/FTIOA input pin
Value
1 P81 output/FTIOA input pin
0 1 X FTIOA output pin
1 X X FTIOA output pin
X X 0 P81 input/FTIOA input pin
1 P81 output/FTIOA input pin
Legend: X: Don't care.
P8O/FTCI pin
Register PCR8
Bit Name PCR80 Pin Function
Setting 0 P80 input/FTCI input pin
Value
1 P80 output/FTCI input pin

Rev.5.00 Nov. 02,2005 Pag
RENESAS REJOS



~—— PB2/AN2
~———— PB1/AN1
-~————— PBO0/ANO

Figure9.6 Port B Pin Configuration
Port B has the following register.

e Port dataregister B (PDRB)

9.6.1 Port Data Register B (PDRB)

PDRB is ageneral input-only port data register of port B.

Initial
Bit Bit Name Value R/W Description
7 PB7 — R The input value of each pin is read by reading th
6 PB6 . R register.
5 PB5 e R However, if a port B pin is designated as an ana
channel by ADCSR in A/D converter, 0 is read.
4 PB4 — R
3 PB3 — R
2 PB2 — R
1 PB1 — R
0 PBO — R

Rev.5.00 Nov. 02, 2005 Page 130 of 418
REJ09B0028-0500 RENESAS



e Any of eight clock signals can be output from pin TMOW: 32.768 kHz divided by 3
4 (1 kHz, 2 kHz, 4 kHz, 8 kHz), or the system clock divided by 32, 16, 8, or 4.

Interval Timer
e Choice of eight internal clock sources (¢/8192, $/4096, /2048, $/512, ¢/256, ¢/128,
Clock Time Base

e Choice of four overflow periods (1 s, 0.5, 0.25 s, 31.25 ms) when timer A is used ¢
time base (using a 32.768 kHz crystal oscillator).
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[Legend]

TMA:  Timer mode register A

TCA:  Timer counter A

IRRTA: Timer A overflow interrupt request flag
PSW: Prescaler W

PSS:  Prescaler S

Note: * Can be selected only when the prescaler W output (¢\\/128) is used as the TCA input clock.

Figure10.1 Block Diagram of Timer A

10.2  Input/Output Pins
Table 10.1 shows the timer A input/output pin.

Table10.1 Pin Configuration

Name Abbreviation 1/0 Function
Clock output TMOW Output Output of waveform generated by timer A ou
circuit
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Bit

Bit Name

Initial
Value

R/W

Description

TMA7
TMAG6
TMA5

0
0
0

R/W
R/W
R/W

Clock Output Select 7 to 5

These bits select the clock output at the TMOW
000: ¢/32

001: ¢/16

010: ¢/8

011: ¢/4

100: ¢,/32

101: ¢,/16

110: ¢,/8

111: 9 /4

For details on clock outputs, see section 10.4.3
Output.

Reserved
This bit is always read as 1.

3

TMAS

0

R/W

Internal Clock Select 3
This bit selects the operating mode of the timer

0: Functions as an interval timer to count the ol
prescaler S.

1: Functions as a clock-time base to count the
prescaler W.
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110: ¢/32
111: ¢/8

These bits select the overflow period when TMA
(when a 32.768 kHz crystal oscillator with is use

000: 1s

001: 0.5s

010: 0.25 s

011: 0.03125 s

1XX: Both PSW and TCA are reset

Legend: X: Don't care.

10.3.2 Timer Counter A (TCA)

TCA is an 8-bit readable up-counter, which isincremented by internal clock input. The ¢
source for input to this counter is selected by bits TMA3to TMAO in TMA. TCA values
read by the CPU in active mode, but cannot be read in subactive mode. When TCA overf
IRRTA bit in interrupt request register 1 (IRR1) isset to 1. TCA iscleared by setting bits
and TMA2in TMA to B'11. TCA isinitialized to H'00.
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overflow, setting bit IRRTA to 1 ininterrupt Flag Register 1 (IRR1). If IENTA = 1inir
enableregister 1 (IENR1), aCPU interrupt is requested. At overflow, TCA returnsto H
starts counting up again. In this mode timer A functions as an interval timer that generat
overflow output at intervals of 256 input clock pulses.

10.4.2 Clock Time Base Operation

When bit TMA3in TMA isset to 1, timer A functions as a clock-timer base by countin
signals output by prescaler W. When a clock signal isinput after the TCA counter value
become H'FF, timer A overflowsand IRRTA in IRR1 isset to 1. At that time, an interrt
is generated to the CPU if IENTA in the interrupt enable register 1 (IENR1) is 1. The o\
period of timer A isset by bits TMAL and TMAO in TMA. A choice of four periodsisé
In clock time base operation (TMA3 = 1), setting bit TMAZ2 to 1 clears both TCA and p
to H'00.

10.4.3 Clock Output

Setting bit TMOW in port mode register 1 (PMR1) to 1 causes a clock signal to be outp
TMOW. Eight different clock output signals can be selected by means of bits TMA7 to
TMA. The system clock divided by 32, 16, 8, or 4 can be output in active mode and sl e
32.768 kHz signal divided by 32, 16, 8, or 4 can be output in active mode, sleep mode,
subactive mode.

10.5 UsageNote

When the clock time base function is selected as the internal clock of TCA in active mo
mode, theinternal clock is not synchronous with the system clock, so it is synchronized
synchronizing circuit. This may result in amaximum error of 1/ (s) in the count cycle.
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e (Choiceor seven clocK signalsis avallanle.
Choice of six internal clock sources (¢/128, ¢/64, ¢/32, ¢/16, 6/8, $/4) or an external

e Counter can be cleared by compare match A or B, or by an external reset signal. If tl
stop function is selected, the counter can be halted when cleared.

e Timer output is controlled by two independent compare match signals, enabling pul:
with an arbitrary duty cycle, PWM output, and other applications.

e Threeinterrupt sources. compare match A, compare match B, timer overflow
e Counting can beinitiated by trigger input at the TRGV pin. Therising edge, falling
both edges of the TRGV input can be selected.
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TMRIV ———>

Output
TMOV control TCSRV

[Legend]

I rvyvim I

Clear T
control | TCRVO |

TA

Interrupt
request
control

TCORA:  Time constant register A ovi

TCORB:  Time constant register B

TCNTV:  Timer counter V

TCSRV:  Timer control/status register V

TCRVO: Timer control register VO

TCRV1: Timer control register V1

PSS: Prescaler S

CMIA: Compare-match interrupt A

CMIB: Compare-match interrupt B

oVI: Overflow interupt

Figure1l.1 Block Diagram of Timer V

11.2  Input/Output Pins
Table 11.1 shows the timer V pin configuration.
Table11.1 Pin Configuration
Name Abbreviation 1/0 Function
Timer V output TMOV Output Timer V waveform output
Timer V clock input TMCIV Input Clock input to TCNTV
Timer V reset input TMRIV Input External input to reset TCN
Trigger input TRGV Input Trigger input to initiate cou
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11.31 Timer Counter V (TCNTV)

TCNTV isan 8-bit up-counter. The clock sourceis selected by bits CKS2 to CKS0 in til
control register VO (TCRV0). The TCNTV value can be read and written by the CPU at
TCNTV can be cleared by an external reset input signal, or by compare match A or B. T
clearing signal is selected by bits CCLR1 and CCLRO in TCRVO.

When TCNTV overflows, OVFisset to 1 in timer control/status register V (TCSRV).

TCNTYV isinitialized to H'00.

11.3.2 Time Constant Registers A and B (TCORA, TCORB)
TCORA and TCORB have the same function.
TCORA and TCORB are 8-hit read/write registers.

TCORA and TCNTV are compared at all times. When the TCORA and TCNTYV conten
CMFA issetto1in TCSRV. If CMIEA isaso setto 1in TCRVO, a CPU interrupt isre
Note that they must not be compared during the T3 state of a TCORA write cycle.

Timer output from the TMOV pin can be controlled by the identifying signal (compare |
and the settings of bits OS3 to OS0in TCSRV.

TCORA and TCORB areinitialized to H'FF.
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IRl R IR T MM iR f

When this bit is set to 1, interrupt request from tt
bit in TCSRYV is enabled.

5 OVIE

R/W

Timer Overflow Interrupt Enable

When this bit is set to 1, interrupt request from tt
bit in TCSRYV is enabled.

CCLR1
3 CCLRO

R/W
R/W

Counter Clear 1 and 0

These bits specify the clearing conditions of TCI
00: Clearing is disabled

01: Cleared by compare match A

10: Cleared by compare match B

11: Cleared on the rising edge of the TMRIV pin
operation of TCNTYV after clearing depends ¢
in TCRV1.

2 CKS2
CKS1
0 CKS0

R/W
R/W
R/W

Clock Select2t0 0

These bits select clock signals to input to TCNT
counting condition in combination with ICKSO0 in

Refer to table 11.2.
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Internal clock: counts on ¢/64, falling

Internal clock: counts on ¢/128, falling

Clock input prohibited

External clock: counts on rising edge

External clock: counts on falling edge

-1 Oo| =] O

External clock: counts on rising and f
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At Tovddaiiiy vwivilh &2 = 1) il bAa M)y wWwiititiy Vv 2V 0

6 CMFA

R/W

Compare Match Flag A

Setting condition:

When the TCNTV value matches the TCORA va
Clearing condition:

After reading CMFA = 1, cleared by writing 0 to

5 OVF

R/W

Timer Overflow Flag

Setting condition:

When TCNTYV overflows from H'FF to H'00
Clearing condition:

After reading OVF = 1, cleared by writing 0 to O

Reserved
This bit is always read as 1.

3 0S3
2 0S2

R/W
R/W

Output Select 3 and 2

These bits select an output method for the TMO
the compare match of TCORB and TCNTV.

00: No change
01: 0 output

10: 1 output

11: Output toggles

(O}
0 0Sso

R/W
R/W

Output Select 1 and 0

These bits select an output method for the TMO
the compare match of TCORA and TCNTV.

00: No change
01: 0 output

10: 1 output

11: Output toggles
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7105

All1

Reserved
These bits are always read as 1.

TVEG1
TVEGO

R/W
R/W

TRGV Input Edge Select

These bits select the TRGV input edge.

00: TRGV trigger input is prohibited

01: Rising edge is selected

10: Falling edge is selected

11: Rising and falling edges are both selected

TRGE

R/W

TCNT starts counting up by the input of the edc
selected by TVEG1 and TVEGO.

0: Disables starting counting-up TCNTV by the
the TRGV pin and halting counting-up TCNT
TCNTV is cleared by a compare match.

1: Enables starting counting-up TCNTV by the |
the TRGV pin and halting counting-up TCNT
TCNTV is cleared by a compare match.

Reserved
This bit is always read as 1.

ICKSO0

R/W

Internal Clock Select 0

This bit selects clock signals to input to TCNTV
combination with CKS2 to CKSO0 in TCRVO.

Refer to table 11.2.
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will be set. Thetiming at thistimeis shown in figure 11.4. An interrupt request is sen
CPU when OVIEIin TCRVOis 1.

3. TCNTV is constantly compared with TCORA and TCORB. Compare match flag A o
(CMFA or CMFB) is set to 1 when TCNTV matches TCORA or TCORB, respectivel
compare-match signal is generated in the last state in which the values match. Figure
shows the timing. An interrupt request is generated for the CPU when CMIEA or CM
TCRVOis1.

4. When acompare match A or B is generated, the TMOV responds with the output vall
selected by bits OS3 to OS0 in TCSRV. Figure 11.6 shows the timing when the outpt
toggled by compare match A.

5. When CCLR1 or CCLROin TCRVOis01 or 10, TCNTV can be cleared by the corres
compare match. Figure 11.7 shows the timing.

6. When CCLR1 or CCLROin TCRVO0is 11, TCNTV can becleared by therising edge
input of TMRIV pin. A TMRIV input pulse-width of at least 1.5 system clocksis nec
Figure 11.8 shows the timing.

7. When a counter-clearing source is generated with TRGE in TCRV 1 set to 1, the coun
halted as soon as TCNTV is cleared. TCNTV resumes counting-up when the edge sel
TVEG1 or TVEGO in TCRV 1 isinput from the TGRV pin.
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: T rrLrr

TMCIV ()(}

(External clock | (0 |
)]

input pin) k
TCNTV input
clock | | ((

)] ()—

(( (
TCNTV N-—1 X [ N X 2(’ N+ 1
)] )

Figure11.3 Increment Timing with External Clock

! N I I o B A I

TCNTV HFF - X H'00

Overflow signal

I\_I
OVF I

Figure11.4 OVF Set Timing
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Figure1l.5 CMFA and CMFB Set Timing

Compare match I_l
A signal I | ((
)]
(( k
Timer V output )) |
pin 4|

Figure11.6 TMOV Output Timing

0 L L

Compare match l_l

A signal \

N X H'00

Figure11.7 Clear Timing by Compare Match

TCNTV
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3. Set bits CKS2 to CKS0 in TCRVO and bit ICKS0 in TCRV 1 to select the desired cloc

4. With these settings, awaveform is output without further software intervention, with
determined by TCORA and a pulse width determined by TCORB.

TCNTV value

Time

Figure11.9 Pulse Output Example
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4, Set bits CKS2to CKS0in TCRVO0 and bit ICKS0 in TCRV 1 to select the desired clc

5. After these settings, a pulse waveform will be output without further software interv
with adelay determined by TCORA from the TRGV input, and a pulse width detern
(TCORB — TCORA).

TCNTV value

L L Y

TCORB

TCORA

H00 Tim

TRGV } i

T™MOV ¥

Y : Y .
Compare match A ; Compare match A ;
Compare match B Compare match B
clears TCNTV and clears TCNTV and
halts count-up halts count-up

Figure11.10 Example of Pulse Output Synchronized to TRGV Input
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memm A e e m == D

3. If compare matches A and B occur simultaneously, any conflict between the outpult ¢
for compare match A and compare match B is resolved by the following priority: tog
output > output 1 > output O.

4. Depending on thetiming, TCNTV may be incremented by a switch between differer
clock sources. When TCNTV isinternally clocked, an increment pulseis generated f
falling edge of an internal clock signal, that is divided system clock (¢). Therefore, a
in figure 11.3 the switch is from a high clock signal to alow clock signal, the switch
seen as afalling edge, causing TCNTV to increment. TCNTV can also be increment
switch between internal and external clocks.

TCNTYV write cycle by CPU

T4 To T3

Address X TCNTV address X

Internal write signal | |
Counter clear signal | |

TCNTV N X H'00

Figure11.11 Contention between TCNTV Write and Clear
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TCNTV N X N+1

TCORA N X M
[ TCORA write data
Compare match signal H :\
\ Inhibited

Figure11.12 Contention between TCORA Write and Compare Match

Clock before '
switching | | ! | | |

Clock after
switching

Count clock |_| (m |_|

TCNTV N X N+1 X N+2 X

Write to CKS1 and CKS0

Figure11.13 Internal Clock Switchingand TCNTYV Operation
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e Capahility to process up to four pulse outputs or four pulse inputs
e 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
e Four selectable operating modes :
— Waveform output by compare match
Selection of 0 output, 1 output, or toggle output
— Input capture function
Rising edge, falling edge, or both edges
— Counter clearing function
Counters can be cleared by compare match
— PWM mode
Up to three-phase PWM output can be provided with desired duty ratio.
e Any initia timer output value can be set
e Fiveinterrupt sources
Four compare match/input capture interrupts and an overflow interrupt.

Table 12.1 summarizes the timer W functions, and figure 12.1 shows a block diagram o
W.
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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 1 — 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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[Legend]
TMRW:
TCRW:
TIERW:
TSRW:
TIOR:
TCNT:
GRA:
GRB:
GRC:
GRD:
IRRTW:

Timer mode register W (8 bits)

Timer control register W (8 bits)

Timer interrupt enable register W (8 bits)

Timer status register W (8 bits)

Timer 1/O control register (8 bits)

Timer counter (16 bits)

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

Bus i

Figure12.1 Timer W Block Diagram
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Ccoripalc o put pirn 1or no mput 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

12.3  Register Descriptions
Thetimer W has the following registers.

e Timer mode register W (TMRW)

o Timer control register W (TCRW)

e Timer interrupt enable register W (TIERW)
o Timer status register W (TSRW)

e Timer 1/O control register O (TIORO)
e Timer |/O control register 1 (TIOR1)
e Timer counter (TCNT)

o General register A (GRA)

e General register B (GRB)

o General register C (GRC)

e General register D (GRD)
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o Vit lo dalvwayo Icdlu ao |.

BUFEB

R/W

Buffer Operation B
Selects the GRD function.

0: GRD operates as an input capture/output col
register

1: GRD operates as the buffer register for GRB

BUFEA

R/W

Buffer Operation A
Selects the GRC function.

0: GRC operates as an input capture/output col
register

1: GRC operates as the buffer register for GRA

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 compare o
1: PWM output

PWMC

R/W

PWM Mode C

Selects the output mode of the FTIOC pin.

0: FTIOC operates normally (output compare o
1: PWM output

PWMB

R/W

PWM Mode B

Selects the output mode of the FTIOB pin.

0: FTIOB operates normally (output compare o
1: PWM output
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5 CKS1 0 R/W
4 CKS0 0 R/W

Select the TCNT clock source.

000: Internal clock: counts on ¢

001: Internal clock: counts on ¢/2

010: Internal clock: counts on ¢/4

011: Internal clock: counts on ¢/8

1XX: Counts on rising edges of the external evel

When the internal clock source (0) is selected, s
sources are counted in subactive and subsleep |

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 1
compare match C is generated.

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

1 TOB 0 R/W

Timer Output Level Setting B

Sets the output value of the FTIOB pin until the f
compare match B is generated.

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

Rev.5.00 Nov. 02, 2005 Page 158 of 418
REJ09B0028-0500

RENESAS



12.3.3 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 request
flag in TSRW is enabled.

6to4 — All 1 — Reserved
These bits are always read as 1.

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

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

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

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

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

6to4 — All 1 — Reserved
These bits are always read as 1.
3 IMFD 0 R/W Input Capture/Compare Match Flag D

[Setting conditions]

e TCNT = GRD when GRD functions as an ou
compare register

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

[Clearing condition]

Read IMFD when IMFD = 1, then write 0 in IMFL

2 IMFC 0 R/W Input Capture/Compare Match Flag C

[Setting conditions]

e TCNT = GRC when GRC functions as an ou
compare register

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

[Clearing condition]
Read IMFC when IMFC = 1, then write 0 in IMF(
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Read IMFB when IMFB = 1, then write 0 in IMF
0 IMFA 0 R/W Input Capture/Compare Match Flag A
[Setting conditions]
e TCNT = GRA when GRA functions as an ot
compare register

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

[Clearing condition]

Read IMFA when IMFA = 1, then write 0 in IMF

12.35 Timer I/O Control Register 0 (TIORO)

TIORO selects the functions of GRA and GRB, and specifies the functions of the FT10/
FTIOB pins.

Initial
Bit Bit Name Value R/W Description

7 — 1 — Reserved
This bit is always read as 1.
6 10B2 0 R/W I/O Control B2
Selects the GRB function.
0: GRB functions as an output compare registe

1: GRB functions as an input capture register
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00: Input capture at rising edge at the FTIOB pir
01: Input capture at falling edge at the FTIOB pir

1X: Input capture at rising and falling edges of tt
pin

Reserved

This bit is always read as 1.

2 I0A2

R/W

I/O Control A2

Selects the GRA function.

0: GRA functions as an output compare register
1: GRA functions as an input capture register

I0A1
0 I0AO

o O

R/W
R/W

I/O Control A1 and AO

When I0A2 =0,

00: No output at compare match

01: 0 output to the FTIOA pin at GRA compare r
10: 1 output to the FTIOA pin at GRA compare n

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

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

1X: Input capture at rising and falling edges of tt
pin

Legend: X: Don't care.
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oelects the GRD tunction.
0: GRD functions as an output compare registe

1: GRD functions as an input capture register

5 10D1 0 R/W I/O Control D1 and DO
4 I0D0 0 R/W 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 co
match
When IOD2 =1,
00: Input capture at rising edge at the FTIOD p
01: Input capture at falling edge at the FTIOD g
1X: Input capture at rising and falling edges at
pin
3 — 1 — Reserved
This bit is always read as 1.
2 10C2 0 R/W I/O 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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00: Input capture to GRC at rising edge of the F
01: Input capture to GRC at falling edge of the F

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

Legend: X: Don't care.
12.3.7 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 TSRW issetto 1. If OVIEin 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.

12.3.8 General RegistersA toD (GRA to GRD)

Each general register is a 16-bit readable/writable register that can function as either an o
compare register or an input-capture register. The function is selected by settingsin TIOF
TIOR1.

When ageneral register is used as an input-compare register, its value is constantly comg
the TCNT value. When the two values match (a compare match), the corresponding flag

IMFB, IMFC, or IMFD) in TSRW is set to 1. An interrupt request is generated at this tinr
IMIEA, IMIEB, IMIEC, or IMIED is set to 1. Compare match output can be selected in

When ageneral register is used as an input-capture register, an external input-capture sig
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-enak
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GRA whenever an 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.

124  Operation

Thetimer W has the following operating modes.
e Normal Operation

e PWM Operation

1241 Normal Operation

TCNT performs free-running or periodic counting operations. After areset, TCNT is se
running counter. When the CTS bitin TMRW isset to 1, TCNT starts incrementing the
When the count overflows from H'FFFF to H'0000, the OVF flag in TSRW isset to 1. |
in TIERW isset to 1, an interrupt request is generated. Figure 12.2 shows free-running (
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Periodic counting operation can be performed when GRA is set as an output compare reg
bit CCLR in TCRW is set to 1. When the count matches GRA, TCNT is cleared to H'00C
IMFA flag in TSRW isset to 1. If the corresponding IMIEA bitin TIERW isset to 1, an
reguest is generated. TCNT continues counting from H'0000. Figure 12.3 shows periodic
counting.

TCNT value
GRA b oooo ool
H'0000 Time
CTS bit 5
; Flag cleared
! _— by software
IMFA

Figure12.3 Periodic Counter Operation

By setting a general register as an output compare register, compare match A, B, C, or D
the output at the FTIOA, FTIOB, FTIOC, or FTIOD pin to output O, output 1, or toggle. |
12.4 shows an example of 0 and 1 output when TCNT operates as a free-running counter
is selected for compare match A, and O output is selected for compare match B. When sic
already at the selected output level, the signa level does not change at compare match.
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Figure 12.5 shows an example of toggle output when TCNT operates as a free-running
and toggle output is selected for both compare match A and B.

TCNT value
HFFFF
GRA
GRB
H'0000 T T T T T T Time
Fioa | : | Toggle output

FTIOB | | | Toggle output

Figure12.5 Toggle Output Example (TOA =0,TOB=1)

Figure 12.6 shows another example of toggle output when TCNT operates as a periodic
cleared by compare match A. Toggle output is selected for both compare match A and E

TCNT value

Counter cleared by compare match with GRA

HFFFF / ......................................

Time

E |——|Z : |——|Z Toggle

FTIOA | ' ' ! output
FTIOB | | | | Toggle
output

Figure12.6 Toggle Output Example (TOA =0,TOB =1)
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HAABS oo T e

HISBAA | === === -mms oo e L i SRR EEEEETy CERRREEE
H1000 | -ooo . T SO R B ; \ _______
H'0000 E \ : E ! Time
FTIOA I , ] [

GRA X H1000 ; X HF000 X H'55AA

FTIOB 4,—|

GRB X HAASS

Figure12.7 Input Capture Operating Example

Figure 12.8 shows an example of buffer operation when the GRA is set as an input-captu
register and GRC is set as the buffer register for GRA. TCNT operates as a free-running
and FTIOA captures both rising and falling edge of the input signal. Due to the buffer op
the GRA value istransferred to GRC by input-capture A and the TCNT valueis stored in
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X

X H0245 X H'5480

GRC

Figure12.8 Buffer Operation Example (Input Capture)

1242 PWM Operation

In PWM mode, PWM waveforms are generated by using GRA as the period register an
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 genel
functions as an output compare register automatically. The output level of each pin depe
corresponding timer output level set bit (TOB, TOC, and TOD) in TCRW. When TOB i
FTIOB output goesto 1 at compare match A and to 0 at compare match B. When TOB |
FTIOB output goesto 0 at compare match A and to 1 at compare match B. Thus the cor
match output level settingsin TIORO and TIOR1 are ignored for the output pin set to P\
If the same value is set in the cycle register and the duty register, the output does not ch:
acompare match occurs.

Figure 12.9 shows an example of operation in PWM mode. The output signalsgoto 1 a
iscleared at compare match A, and the output signals go to 0 at compare match B, C, ar
TOC, and TOD = 1. initial output values are set to 1).
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Figure129 PWM Mode Example (1)

Figure 12.10 shows another example of operation in PWM mode. The output signalsgo 't
TCNT iscleared at compare match A, and the output signals go to 1 at compare match B
D (TOB, TOC, and TOD = 0: initial output values are set to 1).

TCNT value
Counter cleared by compare match A

GRA
GRB
GRC

GRD
H'0000

Time

FTIOB i

FTIOC : : :

FTIOD _i i_l |_| i_

Figure12.10 PWM Mode Example (2)
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H'0000 — : : —t ——+>Time
GRD  Ho200, X ' HO450 ! X © Hos2o DX

GRB X H0200 | X | HO450 X iH0520

Figure12.11 Buffer Operation Example (Output Compare€)

Figures 12.12 and 12.13 show examples of the output of PWM waveforms with duty cy
and 100%.
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ana dauty register compare matches occur

TCNT value simultaneously.
Write to GRB

GRA

GRB
H'0000 i
| Duty 100% |
FTIOB
Output does not change when cycle register
and duty register compare matches occur
TCNT value simultaneously.
Write to GRB e |
GRA  f---------- oO— A e e R r--
Write to GRB [l
1
O
GRB Write to GF
H'0000 : . i
| Duty 100% Duty 0% i
FTIOB !

Figure12.12 PWM Mode Example
(TOB, TOC, and TOD = 0: initial output valuesare set to 0)
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i Aty vyt il il iy Yt

TCNT value simultaneously.
Write to GRB

GRA

[
|
('5Write to GRB

GRB \
H'0000 . : T
| Duty 0% | | |
FTIOB
Output does not change when cycle register
and duty register compare matches occur
TCNT value simultaneously.
Write to GRB T T
GRA t---------- O r--
Write to GRB |
1
O
GRB Write to
H'0000 s T

| Duty 0% Duty 100%
FTIOB

Figure12.13 PWM Mode Example
(TOB, TOC, and TOD = 1: initial output valuesare set to 1)
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4 - 4 4 L L L LJ L L—_
Internal —
clock ? Rising edge | | |
TCNT input | | | |
clock

TCNT N X N+1 X N+2

Figure12.14 Count Timing for Internal Clock Source

o T
External

ook ? ?ing edge | E} i\ising edge

TCNT input | | | |

clock

TCNT N ) N+1 ) N+2

Figure12.15 Count Timing for External Clock Source

125.2  Output Compare Output Timing

The compare match signal is generated in the last state in which TCNT and GR match (w
TCNT changes from the matching value to the next value). When the compare match sig
generated, the output value selected in TIOR is output at the compare match output pin (F
FTIOB, FTIOC, or FTIOD).

When TCNT matches GR, the compare match signal is generated only after the next cou
pulseisinput.
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VAl e I I

match signal

FTIOA to FTIOD X

Figure12.16 Output Compare Output Timing

1253 Input Capture Timing

Input capture on the rising edge, falling edge, or both edges can be selected through sett
TIORO and TIORL. Figure 12.17 shows the timing when the falling edge is selected. Th
width of the input capture signal must be at least two system clock (¢) cycles; shorter p
not be detected correctly.

; T e
Input capture —l I—
input

Input capture | |
signal

TCNT :X N1 f N X Nk N2 )
\

GRA to GRD X N

Figure12.17 Input Capturelnput Signal Timing
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GRA N

Figure12.18 Timing of Counter Clearing by Compare Match

1255 Buffer Operation Timing

Figures 12.19 and 12.20 show the buffer operation timing.

o T L L
Compare I_l
match signal |

TCNT N ! S
GRC, GRD M E

E \
GRA, GRB I ™

Figure12.19 Buffer Operation Timing (Compare Match)
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Figure12.20 Buffer Operation Timing (Input Capture)

125.6 Timingof IMFA to IMFD Flag Setting at Compare Match

If ageneral register (GRA, GRB, GRC, or GRD) is used as an output compare register,
corresponding IMFA, IMFB, IMFC, or IMFD flag is set to 1 when TCNT matches the ¢
register.

The compare match signal is generated in the last state in which the values match (wher
updated from the matching count to the next count). Therefore, when TCNT matches a
register, the compare match signal is generated only after the next TCNT clock pulseis

Figure 12.21 shows the timing of the IMFA to IMFD flag setting at compare match.

; T L
TCNT input | |
clock

TCNT N L N
GRA to GRD N

Compare I_l

match signal

IMFA to IMFD |

IRRTW |

Figure12.21 Timingof IMFA to IMFD Flag Setting at Compar e Match
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TUNI N

GRA to GRD ) N

IMFA to IMFD |

IRRTW |

Figure12.22 Timing of IMFA to IMFD Flag Setting at | nput Capture

125.8 Timing of StatusFlag Clearing

When the CPU reads a status flag whileit is set to 1, then writes 0 in the status flag, the s
is cleared. Figure 12.23 shows the status flag clearing timing.

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

Figure12.23 Timing of Status Flag Clearing by CPU
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. 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 divided system clock (¢). Therefore, a
figure 12.25 the switch isfrom alow clock signal to a high clock signal, the switcho
asarising edge, causing TCNT to increment.

. If timer W enters module standby mode while an interrupt request is generated, thei
reguest cannot be cleared. Before entering module standby maode, disable interrupt r

TCNT write cycle

T1 T2
; S L
Address XTCNT address X
Write signal | I
Counter clear | |
signal
TONT N ) H0000

Figure12.24 Contention between TCNT Writeand Clear
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Figure12.25 Internal Clock Switchingand TCNT Operation

Rev.5.00 Nov. 02,2005 Page 180 of 418
REJ09B0028-0500 RENESAS



bit manipulation instruction to TCRW occur at the same timing.

Compare match

TCRW has been set to H'06. Compare match B and compare match C are used. The FTIOB pin is in the 1 output state
and is set to the toggle output or the 0 output by compare match B.

When BCLR#2, @ TCRW is executed to clear the TOC bit (the FTIOC signal is low) and compare match B occurs

at the same timing as shown below, the H'02 writing to TCRW has priority and compare match B does not drive the FTI
the FTIOB signal remains high.

Bit 7 6 5 4 3 2 1 0
TCRW CCLR CKS2 CKS1 CKS0 TOD TOC TOB TOA
Set value 0 0 0 0 0 1 1 0

BCLR#2, @ TCRW

(1) TCRW read operation: Read H'06

(2) Modify operation: Modify H'06 to H'02
(3) Write operation to TCRW: Write H'02

S T v

TCRW
write signal

signal B
FTIOB pin \'
B ettt Expe
Remains high because the 1 writing to TOB has priority
Figure 12.26

When Compare Match and Bit Manipulation Instruction to T
Occur at the Same Timing

Rev.5.00 Nov. 02,2005 Pag

RENESAS REJOS



Rev.5.00 Nov. 02,2005 Page 182 of 418
REJ09B0028-0500 RENESAS



0 ———> PSS TCWD

TMWD L
[Legend] Internal reset

Internal data |

TCSRWD: Timer control/status register WD signal
TCWD: Timer counter WD
PSS: Prescaler S

TMWD:  Timer mode register WD

Figure13.1 Block Diagram of Watchdog Timer

13.1 Features

e Selectable from nine counter input clocks.

Eight clock sources (¢/64, ¢/128, ¢/256, ¢/512, $/1024, $/2048, $/4096, and ¢/8192)
internal oscillator can be selected as the timer-counter clock. When the internal oscil
selected, it can operate as the watchdog timer in any operating mode.

e Reset signal generated on counter overflow

An overflow period of 1 to 256 times the selected clock can be set.
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watchdog timer operation and indicates the operating state. TCSRWD must be rewritten |
the MOV instruction. The bit manipulation instruction cannot be used to change the settit

Initial
Bit Bit Name Value R/W Description
7 B6WI 1 R/W Bit 6 Write Inhibit
The TCWE bit can be written only when the write
the B6WI bit is 0.
This bit is always read as 1.
6 TCWE 0 R/W Timer Counter WD Write Enable
TCWD can be written when the TCWE bit is set
When writing data to this bit, the value for bit 7 n
5 B4wI 1 R/W Bit 4 Write Inhibit
The TCSRWE bit can be written only when the v
value of the B4WI bit is 0. This bit is always reac
4 TCSRWE 0 R/W Timer Control/Status Register WD Write Enable
The WDON and WRST bits can be written when
TCSRWE bit is setto 1.
When writing data to this bit, the value for bit 5 n
3 B2wWI 1 R/W Bit 2 Write Inhibit

This bit can be written to the WDON bit only whe
write value of the B2WI bit is 0.

This bit is always read as 1.
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e VWnen O Is written 1o the VWDON DIt while wr
the B2WI when the TCSRWE bit=1

1 BOwI 1 R/W Bit 0 Write Inhibit

This bit can be written to the WRST bit only wh
write value of the BOWI bit is 0. This bit is alway
1.

0 WRST 0 R/W Watchdog Timer Reset
[Setting condition]

When TCWD overflows and an internal reset si
generated

[Clearing conditions]

e Reset by RES pin

e When 0 is written to the WRST bit while wri
the BOWI bit when the TCSRWE bit=1

13.22 Timer Counter WD (TCWD)

TCWD is an 8-hit readable/writable up-counter. When TCWD overflows from H'FF to |
internal reset signal is generated and the WRST bit in TCSRWD issetto 1. TCWD isir
H'00.
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1 CKS1 1 R/W 1000: Internal clock: counts on ¢/64

0 CKS0 1 R/W 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
0XXX: Internal oscillator

For the internal oscillator overflow periods, see
21, Electrical Characteristics.

Legend: X: Don't care.
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Flgure Lo.2 SNhoOWs an exampie or walCnaog timer operation.

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

4% 10°
8192

x 80 x 1078 = 146

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

TCWD overflow
TCWD
count value
H'00 ———-------- e S S S e
AP
H'F1 written H'F1 written to TCWD Reset generated
to TCWD
Internal reset I_l
signal
-

256 0, clock cycles

Figure13.2 Watchdog Timer Operation Example
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141  Features

e Choice of asynchronous or clocked synchronous serial communication mode
e Full-duplex communication capability

The transmitter and receiver are mutually independent, enabling transmission and 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 External clock or on-chip baud rate generator can be selected as atransfer clock sou
e Six interrupt sources

Transmit-end, transmit-data-empty, receive-data-full, overrun error, framing error, &
error.

Asynchronous mode

e Datalength: 7 or 8 hits

e Stop bit length: 1 or 2 bits

e Parity: Even, odd, or none

e Receive error detection: Parity, overrun, and framing errors

o Break detection: Break can be detected by reading the RxD pin level directly in the
framing error

Clocked synchronous mode

e Datalength: 8 bits
o Receive error detection: Overrun errors detected

SCI0010A_000020020200 Rev.5.00 Nov. 02, 2005 Pag
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™0 o-—1— TSR |~—| TDR |——»

RXD o———| RSR | DR -

Interrupt request
[Legend] (TEI, TXI, RXI, ERI

RSR: Receive shift register
RDR:  Receive data register
TSR: Transmit shift register
TDR:  Transmit data register
SMR:  Serial mode register
SCR3: Serial control register 3
SSR:  Serial status register
BRR: Bit rate register

BRC: Bit rate counter

Figure14.1 Block Diagram of SCI3
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14.3

The SCI3 has the following registers.

Receive shift register (RSR)
Receive dataregister (RDR)
Transmit shift register (TSR)
Transmit dataregister (TDR)
Serial mode register (SMR)
Serial control register 3 (SCR3)
Serial status register (SSR)

Bit rate register (BRR)

Register Descriptions

RENESAS
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reLtlve-clidditu. Ao o diid MU TUHLUUNT o a UUUDIe 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.

14.3.3 Transmit Shift Register (TSR)

TSR isashift register that transmits serial data. To perform serial data transmission, the
transfers transmit data from TDR to TSR automatically, then sends the data that starts frc
L SB to the TXD pin. TSR cannot be directly accessed by the CPU.

14.3.4  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.
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CHR

R/W

Character Lengtn (enabled only In asynchronol
0: Selects 8 bits as the data length.
1: Selects 7 bits as the data length.

PE

R/W

Parity Enable (enabled only in asynchronous rr

When this bit is set to 1, the parity bit is added-
data before transmission, and the parity bit is ¢
reception.

PM

R/W

Parity Mode (enabled only when the PE bit is 1
asynchronous mode)

0: Selects even parity.
1: Selects odd parity.

STOP

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,
of the value in the bit. If the second stop bit is O
treated as the start bit of the next transmit char

MP

R/W

Multiprocessor Mode

When this bit is set to 1, the multiprocessor
communication function is enabled. The PE bit
bit settings are invalid. In clocked synchronous
bit should be cleared to 0.
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(BRR). n is the decimal representation of the val
BRR (see section 14.3.8, Bit Rate Register (BRF

14.3.6 Serial Control Register 3 (SCR3)

SCR3 isaregister that enables or disables SCI3 transfer operations and interrupt requests
also used to select the transfer clock source. For details on interrupt requests, refer to sec
Interrupts.

Initial
Bit Bit Name Value R/W Description
7 TIE 0 R/W Transmit Interrupt Enable
When this bit is set to 1, the TXI interrupt reques
enabled.
6 RIE 0 R/W Receive Interrupt Enable
When this bit is set to 1, RXI and ERI interrupt re
are enabled.
5 TE 0 R/W Transmit Enable
When this bit is set to 1, transmission is enabled
4 RE 0 R/W Receive Enable

When this bit is set to 1, reception is enabled.
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When this bit is set to 1, the TEI interrupt reque
enabled.

0

CKE1
CKEO

0
0

R/W
R/W

Clock Enable 0 and 1

Selects the clock source.
Asynchronous mode:

00: Internal baud rate generator
01: Internal baud rate generator

Outputs a clock of the same frequency as i
from the SCK3 pin.

10: External clock

Inputs a clock with a frequency 16 times the
from the SCKS3 pin.

11: Reserved

Clocked synchronous mode:
00: Internal clock (SCK3 pin functions as clock
01: Reserved
10: External clock (SCK3 pin functions as clock
11: Reserved
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e VWhnenthe IEDITIN SCRS IS0

¢ When data is transferred from TDR to TSR
[Clearing conditions]

e When 0 is written to TDRE after reading TDF

e When the transmit data is written to TDR

6 RDRF 0 R/W

Receive Data Register Full

Indicates that the received data is stored in RDF

[Setting condition]

e When serial reception ends normally and rec
is transferred from RSR to RDR

[Clearing conditions]

e When 0 is written to RDRF after reading RDI

e When data is read from RDR

5 OER 0 R/W

Overrun Error

[Setting condition]

e When an overrun error occurs in reception
[Clearing condition]

e When 0 is written to OER after reading OER

4 FER 0 R/W

Framing Error

[Setting condition]

e When a framing error occurs in reception
[Clearing condition]

e When 0 is written to FER after reading FER -
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e When TDRE = 1 at transmission of the last
byte serial transmit character

[Clearing conditions]
e When 0 is written to TEND after reading TE

¢ When the transmit data is written to TDR

1 MPBR 0 R Multiprocessor Bit Receive

MPBR stores the multiprocessor bit in the recel
character data. When the RE bit in SCR3 is cle
its previous state is retained.

0 MPBT 0 R/W Multiprocessor Bit Transfer

MPBT stores the multiprocessor bit to be adde«
transmit character data.
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[Asynchronous M ode]

- ¢ 6
" axzrixg <0
¢ x 108

Error (%) ={ - 1} x 100

(N + 1) x B x 64 x 2201

[Clocked Synchronous Mode]

Nz — & x106-1
8x221xB
Note: B: Bit rate (bit/s)
N: BRR setting for baud rate generator (0 < N < 255)
¢: Operating frequency (MHz)
n: CKS1 and CKSO setting for SMR (0< N < 3)
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12UV v °of U110 v °o  —U./U v oo  U.UU v rf
2400 0 25 0.16 0 26 1.14 0 31 0.00 0 38
4800 0 12 0.16 0 13 248 0 15 0.00 0 19
9600 0 6 —6.99 0 6 —2.48 0 7 0.00 0 9
19200 0 2 8.51 0 2 13.78 0 3 0.00 0 4
31250 0 1 0.00 0 1 4.86 0 1 22.88 0 2
38400 0 1 -1862 0 1 -1467 O 1 0.00 — —
Legend:

—: A setting is available but error occurs

Operating Frequency ¢ (MHz)

3.6864 4 4.9152

Bit Rate Error Error Error

(bits/s) n N (%) n N (%) n N (%) n N
110 2 64 0.70 2 70 0.08 2 86 0.31 2 86
150 1 191 0.00 1 207 0.16 1 255 0.00 2 64
300 1 95 0.00 1 103 0.16 1 127 0.00 1 12
600 0 191 0.00 0 207 0.16 0 255 0.00 1 64
1200 0 95 0.00 0 103 0.16 0 127 0.00 0 12
2400 0 47  0.00 0 51 0.16 0 63 0.00 0 64
4800 0 23 0.00 0 25 0.16 0 31 0.00 0 32
9600 0 11 0.00 0 12 0.16 0 15 0.00 0 15
19200 0 5 0.00 0 6 —6.99 0 0.00 0 7
31250 —_ = - 0 0.00 0 -1.70 0 4
38400 0 2 0.00 0 8.51 0 3 0.00 0 3
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12UV v 1o uv.lo U oy VWU U LR-2 IR VA VAV B Y U/
2400 0 77 0.16 O 79 000 O 95 000 O 108
4800 0 38 0.16 O 39 000 O 47 000 O 51
9600 0 19 234 0 19 000 O 23 000 O 25
19200 0 234 0 000 O 11 000 O 12
31250 0 000 O 240 O 6 533 0 7
38400 0 4 234 0 4 000 O 5 000 O 6
Operating Frequency ¢ (MHz)

9.8304 10 12 12.¢
Bit Rate Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N
110 2 174 -026 2 177 -025 2 212 003 2 217
150 2 127 000 2 129 016 2 155 0.16 2 15€
300 1 255 0.00 2 64 016 2 77 016 2 79
600 1 127 0.00 1 129 0.16 1 155 0.16 1 15€
1200 0 255 0.00 1 64 0.16 1 77 016 1 79
2400 0 127 000 O 129 016 O 155 0.16 O 15€
4800 0 63 000 O 64 016 O 77 016 O 79
9600 0 31 000 O 32 -1.36 0 38 0.16 O 39
19200 0 15 000 O 15 173 0 19 234 0 19
31250 0 9 -1.70 0 9 000 O 11 000 O 11
38400 0 7 000 O 7 173 0 9 234 0 9
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12UV 1 v.io 1 v.uu 1 1o U. 10
2400 0 181 016 O 191 000 O 207 0.16
4800 0 90 016 O 95 000 O 103 0.16
9600 0 45 -0.93 0 47 000 O 51 0.16
19200 0 22 -093 0 23 000 O 25 0.16
31250 0 13 000 O 14 -1.70 0 15 0.00
38400 — — — 0 11 000 O 12 0.16
Operating Frequency ¢ (MHz)
18 20
Bit Rate Error Error
(bit/s) n N (%) n N (%)
110 3 79 -0.12 3 88 -0.25
150 2 233 0.16 3 64 0.16
300 2 116 0.16 2 129 0.16
600 1 233 0.16 2 64 0.16
1200 1 116 0.16 1 129 0.16
2400 0 233 0.16 1 64 0.16
4800 0 116 0.16 0 129 0.16
9600 0 58 -0.96 0 64 0.16
19200 0 28 1.02 0 32 -1.36
31250 0 17 0.00 0 19 0.00
38400 0 14 -2.34 0 15 1.73
Legend:
—: A setting is available but error occurs.
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5 156250 0 0 16 500000 0
6 187500 0 0 17.2032 537600 0
6.144 192000 0 0 18 562500 0
7.3728 230400 0 0 20 625000 0
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2.5k 0 199 1 1 199 1 249 2
5k 0 99 0 199 1 99 1 124 1
10k 0 49 0 99 0 199 0 249 1
25k 0 19 0 39 0 79 0 99 0
50k 0 9 0 19 0 39 0 49 0
100k 0 0 0 19 0 24 0
250k 0 0 0 0 9 0
500k 0 o* 0 0 3 0 0
1M 0 0* 0 1 — — 0
2M 0 o* — — 0
2.5M 0 o* —
4M 0
Legend:

Blank : No setting is available.
: A setting is available but error occurs.
: Continuous transfer is not possible.

*

RENESAS
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2.5k 2 112 2 124
5k 1 224 1 249
10k 1 112 1 124
25k 0 179 0 199
50k 0 89 0 99
100k 0 44 0 49
250k 0 17 0 19
500k 0 8 0 9
1M 0 0

2M — — — —
2.5M — — 0 1
4M — — — —
Legend:

Blank : No setting is available.

— : A setting is available but error occurs.
* : Continuous transfer is not possible.
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1 bit 7 or 8 bits 1 bit, 1or
ornone 2 bits

One unit of transfer data (character or frame)

Figure14.2 Data Format in Asynchronous Communication

1441 Clock

Either an internal clock generated by the on-chip baud rate generator or an external cloc
the SCK 3 pin can be selected as the SCI3's serial clock source, according to the setting

COM bit in SMR and the CKEO and CKEL1 bits in SCR3. When an external clock isinp
SCK3 pin, the clock frequency should be 16 times the bit rate used.

When the SCI3 is operated on an internal clock, the clock can be output from the SCK3
frequency of the clock output in this case is equal to the bit rate, and the phase is such tf
rising edge of the clock isin the middle of the transmit data, as shown in figure 14.3.

Clock|||||||||Illlllllllllllllllllll

Serial data |0|DO|D1|D2|D3|D4|D5|D6|D7|O/1|1 1

| 1 character (frame)

Figure 14.3 Relationship between Output Clock and Transfer Data Phas
(Asynchronous M ode) (Example with 8-Bit Data, Parity, Two Stop Bits)
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Clear TE and RE bits in SCR3 to 0

Set CKE1 and CKEQO bits in SCR3

Set data transfer format in SMR

Set value in BRR

Wait

1

1-bit interval elapsed?

Set TE and RE bits in
SCR3to 1, and set RIE, TIE, TEIE,
and MPIE bits. For transmit (TE=1),

also set the TxD bit in PMR1.

<Initialization completion>

No

[4]

[4]

vvnen the CIoCK oulput IS selecled In
asynchronous mode, clock is output
immediately after CKE1 and CKEO
settings are made. When the clock
output is selected at reception in clocked
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 bitin SCR3 to 1. RE
settings enable the RXD pin to be used.
For transmission, set the TXD bit in
PMR1 to 1 to enable the TXD output pin
to be used. Also set the RIE, TIE, TEIE,
and MPIE 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 SCR3 isset 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 Ma
bit data bit  bit bit data bit  bit sta

Serial 1 o |po|p1]  [p7]on] 1 ]o[po|lpt]  [p7foq] 4 1
data ¥ t

| 1 frame | 1 frame |

| | |
TDRE I | I
TEND f 1 " 1 " |
LSI TXI interrupt TDRE flag TXI interrupt request generated TEl interrupt re
operation request cleared to 0 generated
User generated Data written
processing to TDR

Figure14.5 Example SCI3 Operation in Transmission in Asynchronous M
(8-Bit Data, Parity, One Stop Bit)
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(2]

All data transmitted?

No

—

| Read TEND flag in SSR |

Yes

Break output?

Yes

[3]

Clear PDR to 0 and
set PCRto 1

Clear TE bit in SCR3to 0

<End>

and PDR to 0, clear TxD in PMR1
to 0, then clear the TE bit in SCR:
to 0.

Figure14.6 Sample Serial Transmission Flowchart (Asynchronous M ode)
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RDR. If the RIE bit in SCR3 is set to 1 at thistime, an ERI 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 SCR3 isset to 1 at thistime, an ERI inte
request is generated.

. If reception is completed successfully, the RDRF bit in SSR is set to 1, and receive
transferred to RDR. If the RIE bit in SCR3isset to 1 at thistime, an RXI interrupt r
generated. Continuous reception is possible because the RXI interrupt routine reads
data transferred to RDR before reception of the next receive data has been compl etex

Start Receive Parity Stop Start Receive Parity Stop  Mark state
bit data bit  bit bit data bit bit (idle state)
Serial 1 o foo|bp1]  |p7foa]| 1] o |Dof[D1]|  |po7]o] o 1
data i i
| 1 frame | 1 frame |
l | |
RDRF . | I . |
FER .. i i .. [
LSI RXI request RDRF O stop bit  ER
operation cleared to 0 detected res
fra
User RDR data read Fr:
processing pre

Figure14.7 Example SCI3 Operation in Reception in Asynchronous Mot
(8-Bit Data, Parity, One Stop Bit)
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Transferred to RDR Framing error + parity

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 + parity
0 0 1 1

1 1 1 1

Lost Overrun error + framil
parity error

Note: * The RDRF flag retains the state it had before data reception.
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Read RDRF flag in SSR | =l

13

Clear RE bit in SCR3to 0

<End>

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 RxD pin.

Figure 14.8 Sample Serial Data Reception Flowchart (Asynchronous mode

RENESAS
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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 Reception Data Flowchart (2)
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buffered structure, so data can be read or written during transmission or reception, enabl
continuous data transfer.

8-bit

. ! One unit of transfer data (character or frame) -

SynchronizationIllllllllllllllllll
clock

' LSB MSB :
Serial data i XBito X Bit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7 X 4
[ ' al

Don't care Don’t care

Note: * High except in continuous transfer

Figure14.9 Data Format in Clocked Synchronous Communication

1451 Clock

Either an internal clock generated by the on-chip baud rate generator or an external
synchronization clock input at the SCK 3 pin can be selected, according to the setting of
bitin SMR and CKEO and CKEL1 bits in SCR3. When the SCI3 is operated on an intern:
the serial clock is output from the SCK3 pin. Eight seria clock pulses are output in thet
one character, and when no transfer is performed the clock is fixed high.

145.2 SCIl3Initialization

Before transmitting and receiving data, the SCI3 should be initialized as described in a
flowchart in figure 14.4.
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has been specified. Serial dataistransmitted sequentially from the LSB (bit 0), from 1
pin.

4. The SCI checksthe TDRE flag at the timing for sending the MSB (bit 7).

5. If the TDRE flagiscleared to O, datais transferred from TDR to TSR, and serial tran:
of the next frame is started.

6. If the TDRE flagissetto 1, the TEND flag in SSRis set to 1, and the TDRE flag mai
output state of the last bit. If the TEIE bitin SCR3 isset to 1 at thistime, a TEI interri
request is generated.

7. The SCK3 pinisfixed 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.
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generated to0
User Data written
processing to TDR

Figure 14.10 Example of SCI3 Operation in Transmission in Clocked Synchronc

Rev.5.00 Nov. 02, 2005 Pag
RENESAS REJOS



All data transmitted?

(2]

Yes

| Clear TE bitin SCR3 to 0

<End>

Figure14.11 Sample Serial Transmission Flowchart (Clocked Synchronous M
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RDRF flag remainsto be set to 1.

4. If reception is completed successfully, the RDRF bit in SSR is set to 1, and receive
transferred to RDR. If the RIE bit in SCR3isset to 1 at thistime, an RXI interrupt r
generated.

Serial
s /N W\ N
Seral 3( Bit7 X[ Bito X X Bit7 X Bito X Bit1 X :IXBitG X st X[

1 frame 1 frame

RDRF 1 . |
OER / } } [
LSI RXlinterrupt  RDREF flag RXI interrupt request generated ERI inter
operation request cleared generate

generated to 0 overrun ¢
User RDR data read RDR data has Overrun
processing not been read processi

(RDRF = 1)

Figure14.12 Example of SCI3 Reception Operation in Clocked Synchronous

Reception cannot be resumed while areceive error flag is set to 1. Accordingly, clear th
FER, PER, and RDRF bitsto O before resuming reception. Figure 14.13 shows a sample
for serial datareception.

Rev.5.00 Nov. 02, 2005 Pag
RENESAS REJOS



No

Yes

Read receive data in RDR

All data received?

[3]

Clear RE bitin SCR3 to 0

<End>

[4] (

Error processing

Overrun error processing

Clear OER flag in SSR to 0

<End>

vicdlTu (VU V.

If an overrun error occurs, read the O
flag in SSR, and after performing the
appropriate error processing, clear th
flag to 0. Reception cannot be resun
the OER flag is set to 1.

Figure14.13 Sample Serial Reception Flowchart (Clocked Synchronous Mo
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No

Yes

Read OER flag in SSR |

( Error processing }

Read RDRF flag in SSR | [2]

(4]

Yes

Read receive data in RDR

|t

All data received?

(3]

Clear TE and RE bits in SCR to 0

<End>

reading the RDRF flag, reading
Also, before the MSB (bit 7) of tl
current frame is transmitted, rea
from the TDRE flag to confirm tt
writing is possible. Then write d
TDR.

When data is written to TDR, th
TDRE flag is automatically clear
0. When data is read from RDR,
RDRF flag is automatically clear
0.

If an overrun error occurs, read
OER flag in SSR, and after
performing the appropriate error
processing, clear the OER flag t
Transmission/reception cannot
resumed if the OER flag is set tc
For overrun error processing, se
figure 14.13.

Figure14.14 Sample Flowchart of Simultaneous Serial Transmit and Receive Op
(Clocked Synchronous Mode)
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communication using the multiprocessor format. The transmitting station first sends the
of the receiving station with which it wants to perform serial communication as data wit
multiprocessor bit added. It then sends transmit data as data with a O multiprocessor bit
When data with a 1 multiprocessor bit is received, the receiving station compares that d:
own ID. The station whose ID matches then receives the data sent next. Stations whose
match continue to skip data until data with a 1 multiprocessor bit is again received.

The SCI3 uses the MPIE bit in SCR3 to implement this function. When the MPIE bit is
transfer of receive datafrom RSR to RDR, error flag detection, and setting the SSR stat
RDRF, FER, and OER to 1, are inhibited until datawith a 1 multiprocessor bit is receiv
reception of areceive character with a1 multiprocessor bit, the MPBR bit in SSR is set
the MPIE bit is automatically cleared, thus normal reception isresumed. If the RIE bit il
set to 1 at thistime, an RXI interrupt is generated.

When the multiprocessor format is selected, the parity bit setting is rendered invalid. Al
settings are the same as those in normal asynchronous mode. The clock used for multipt
communication is the same as that in normal asynchronous mode.
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[Legend]
MPB: Multiprocessor bit

Figure14.15 Example of Communication Using Multiprocessor Format
(Transmission of Data H'AA to Receiving Station A)

14.6.1 Multiprocessor Serial Data Transmission

Figure 14.16 shows a sample flowchart for multiprocessor serial data transmission. For a
transmission cycle, set the MPBT hit in SSR to 1 before transmission. For a data transmi:
cycle, clear the MPBT bit in SSR to 0 before transmission. All other SCI3 operations are
as those in asynchronous mode.
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Write transmit data to TDR

[2] All data transmitted?
No
Read TEND flag in SSR
[3] Break output?

Clear PDR to 0 and set PCR to 1

Clear TE bitin SCR3to 0

|

<End>

transmission, set the port PCR to 1,
clear PDR to 0, then clear the TE bi
in SCR3 to 0.

Figure14.16 Sample Multiprocessor Serial Transmission Flowchart
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FER flags in SSR to identify the errc
performing the appropriate error pro
ensure that the OER and FER flags
Read receive data in RDR cleared to 0.

Reception cannot be resumed if eith
these flags is set to 1.

In the case of a framing error, a bre:
detected by reading the RxD pin val

RDRF =1 o

Yes

This station’s ID?

Yes

Read OER and FER flags in SSR

es
FER+OER = L

Read RDRF flag in SSR 4]

(5]
( Error processing )

(Continued on
Read receive data in RDR next page)

|

Yes

All data received?

No

la— [A]

| Clear RE bit in SCR3to 0

<End>

Figure14.17 Sample Multiprocessor Serial Reception Flowchart (1)
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Yes

No

| Framing error processing |

-

Clear OER, and
FER flags in SSR to 0

<End>

Figure14.17 Sample Multiprocessor Serial Reception Flowchart (2)
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Lol RALINIeTUpt nunRr liay RALINIeTupt

operation request cleared is not genera
MPIE cleared to0 RDR retains |
User o0 RDR data read When data is not
processing this station's ID,
MPIE is set to 1
again

(a) When data does not match this receiver's ID

Start Receive Stop Start Receive data Stop Mark stz
bit data (ID2) MPB bit bit (Data2) MPB bit  (idle sta
Serial 1 o fpo|bpt] |p7z[ 1|1 ]o]polDt|  [D7]o0 | 1 1
data G i
| 1 frame 1 frame |

MPIE ¢ | ) [

RDRF . / [ | \ ’
// o\ /i /
RDR ID1 / X \ID2 / X /Data2 \

value
LSI RXI interrupt RDRF flag RXlinterrupt RDRF flag
operation request cleared request cleared
MPIE cleared to0 to0
User 10 RDR data read When data is RDR data re
processing this station's MPIE set to
ID, reception again
is continued

(b) When data matches this receiver's ID

Figure 14.18 Example of SCI3 Operation in Reception Using M ultiprocessor
(Examplewith 8-Bit Data, Multiprocessor Bit, One Stop Bit)
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Transmission End TEI Setting TEND in SSR
Receive Error ERI Setting OER, FER, and PER in SSR

Theinitia value of the TDRE flag in SSR is 1. Thus, when the TIE bitin SCR3isset to
transferring the transmit datato TDR, a TXI interrupt request is generated even if the trar
isnot ready. Theinitial value of the TEND flag in SSR is 1. Thus, when the TEIE bit in ¢
set to 1 before transferring the transmit datato TDR, a TEI interrupt request is generated
the transmit data has not been sent. It is possible to make use of the most of these interry
requests efficiently by transferring the transmit datato TDR in the interrupt routine. To p
generation of these interrupt requests (TXI and TEI), set the enable bits (TIE and TEIE) t
correspond to these interrupt requests to 1, after transferring the transmit datato TDR.
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When TE is 0, the TxD pinis used as an I/O port whose direction (input or output) and |
determined by PCR and PDR. This can be used to set the TxD pin to mark state (high le
send a break during serial data transmission. To maintain the communication line at ma
until TE isset to 1, set both PCR and PDR to 1. As TE is cleared to O at thispoint, the T
becomes an /O port, and 1 is output from the TxD pin. To send a break during serial tre
first set PCR to 1 and PDR to O, and then clear TE to 0. When TE is cleared to O, the tra
initialized regardless of the current transmission state, the TxD pin becomes an 1/O port
output from the TxD pin.

14.8.3 ReceiveError Flagsand Transmit Operations (Clocked Synchronous Mc

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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Where N

mr O

... Formula (1)

. Ratio of bit rate to clock (N = 16)

: Clock duty (D =0.5t01.0)

: Framelength (L =910 12)

: 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 15 0
Internal basic
clock LA LA AT,
Receive data —:LIE E
(RxD) -

Start bit

Synchronization | H " "
sampling timing _! L L

Data sampling A i
timing n n

Figure14.19 Receive Data Sampling Timing in Asynchronous M ode
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Selection of I°C format or clocked synchronous serial format
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.

I°C bus format

Start and stop conditions generated automatically in master mode
Selection of acknowledge output levels when receiving
Automatic loading of acknowledge bit when transmitting

Bit synchronization/wait function

In master mode, the state of SCL is monitored per bit, and the timing is synchronizex
automatically.

If transmission/reception is not yet possible, set the SCL to low until preparations ar
completed.

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

Direct bus drive

Two pins, SCL and SDA pins, function as NMOS open-drain outputs when the bus
function is selected.

Clocked synchronous format

Four interrupt sources
Transmit-data-empty, transmit-end, receive-data-full, and overrun error
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SDA

Y ®©
SAR ©
Output ICDRS R ©
control £
2
l £
Noise canceler Address
comparator
ICDRR
—| Bus state
decision circuit
™| Arbitration
decision circuit ICSR
ICIER
[Legend] ™ Interrupt | _ Inte

ICCR1 : I?C bus control register 1
ICCR2 : I’C bus control register 2
ICMR : I°C bus mode register
ICSR : I°C bus status register

generator

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

Figure15.1 Block Diagram of 1°C Bus Interface 2
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SDA in
SDA out —|

(Slave 1)

SDA in
SDA out —|

(Slave 2)

Figure15.2 External Circuit Connectionsof I/O Pins

15.2  Input/Output Pins

Table 15.1 summarizes the input/output pins used by the I°C bus interface 2.

Table15.1 |1°C BusInterface Pins

Name Abbreviation I/1O Function
Serial clock SCL I/0 IIC serial clock input/output
Serial data SDA IO IIC serial data input/output

153 Register Descriptions

The I°C bus interface 2 has the following registers:

e 1°C bus control register 1 (ICCR1)

e |*C bus control register 2 (ICCR2)

e 1°C bus mode register (ICMR)

e |’C businterrupt enable register (ICIER)
e I°C bus status register (ICSR)

e |°C bus Slave addressregister (SAR)
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7 ICE

R/W

I°C Bus Interface Enable
0: This module is halted. (SCL and SDA pins are ¢
function.)

1: This bit is enabled for transfer operations. (SCL
pins are bus drive state.)

6 RCVD

RW

Reception Disable

This bit enables or disables the next operation whi
0 and ICDRR is read.

0: Enables next reception
1: Disables next reception

5 MST
4 TRS

R/W
R/W

Master/Slave Select

Transmit/Receive Select

In master mode with the I°C bus format, when arbi
lost, MST and TRS are both reset by hardware, cc
transition to slave receive mode. Modification of th
should be made between transfer frames.

After data receive has been started in slave receiv
when the first seven bits of the receive data agree
slave address that is set to SAR and the eighth bit
TRS is automatically set to 1. If an overrun error ¢
master mode with the clock synchronous serial for
MST is cleared to 0 and slave receive mode is ent
Operating modes are described below according t
and TRS combination. When clocked synchronou:
format is selected and MST is 1, clock is output.
00: Slave receive mode

01: Slave transmit mode

10: Master receive mode

11: Master transmit mode
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CKS3 CKS2 CKS1 CKSO Clock ¢=5MHz ¢$=8MHz ¢=10MHz ¢ =16 MHz
0 0 0 0 0/28  179kHz  286kHz 357 kHz  571kHz
1 ¢/40  125kHz  200kHz  250kHz 400 kHz
1 0 ¢/48  104kHz  167kHz  208kHz 333 kHz
1 0/64 781kHz  125kHz 156 kHz 250 kHz
1 0 0 ¢/80 625kHz  100kHz  125kHz 200 kHz
1 ¢/100 50.0kHz 80.0kHz  100kHz 160 kHz
1 0 /112 446kHz 71.4kHz 89.3kHz  143kHz
1 ¢/128 39.1kHz 625kHz 78.1kHz  125kHz
1 0 0 0 ®/56 89.3kHz  143kHz  179kHz 286 kHz
1 0/80 625kHz  100kHz  125kHz 200 kHz
1 0 ¢/96 521kHz 83.3kHz 104kHz 167 kHz
1 ¢/128 39.1kHz 625kHz 78.1kHz  125kHz
1 0 0 ¢/160 31.3kHz 50.0kHz 62.5kHz 100 kHz
1 ¢/200 25.0kHz  40.0kHz 50.0kHz  80.0 kHz
1 0 ¢/224 223kHz 357kHz 446kHz 71.4kHz
1 /256 19.5kHz 31.3kHz 39.1kHz 62.5kHz
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format, this bit has no meaning. With the I°C bus
this bit is set to 1 when the SDA level changes fi
to low under the condition of SCL = high, assum
the start condition has been issued. This bit is cl
0 when the SDA level changes from low to high

condition of SCL = high, assuming that the stop

has been issued. Write 1 to BBSY and 0 to SCP
a start condition. Follow this procedure when als
transmitting a start condition. Write 0 in BBSY ar
SCP to issue a stop condition. To issue start/sto
conditions, use the MOV instruction.

6 SCP 1 W

Start/Stop Issue Condition Disable

The SCP bit controls the issue of start/stop conc
master mode.

To issue a start condition, write 1 in BBSY and
A retransmit start condition is issued in the same
issue a stop condition, write 0 in BBSY and 0 in
This bit is always read as 1. If 1 is written, the de
stored.

5 SDAO 1 R/W

SDA Output Value Control

This bit is used with SDAOP when modifying out
of SDA. This bit should not be manipulated durir
transfer.

0: When reading, SDA pin outputs low.
When writing, SDA pin is changed to output Ic
1: When reading, SDA pin outputs high.

When writing, SDA pin is changed to output H
(outputs high by external pull-up resistance).
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I MR I RRIETRAY Y T A 1y =R A it iyt M T

1 IICRST 0 R/W [IC 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 initie
registers.

0 — 1 — Reserved
This bit is always read as 1, and cannot be mo«

15.3.3 I°C BusMode Register (ICMR)

ICMR selects whether the MSB or LSB istransferred first, performs master mode wait
and selects the transfer bit count.

Initial
Bit Bit Name Value R/W Description
7 MLS 0 R/W MSB-First/LSB-First Select
0: MSB-first
1: LSB-first
Set this bit to 0 when the I°C bus format is use
6 WAIT 0 R/W Wait Insertion Bit

In master mode with the I°C bus format, this bi
whether to insert a wait after data transfer exce
acknowledge bit. When WAIT is set to 1, after
the clock for the final data bit, low period is ext
two transfer clocks. If WAIT is cleared to 0, dat
acknowledge bits are transferred consecutively
wait inserted.

The setting of this bit is invalid in slave mode w
bus format or with the clocked synchronous se
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When writing, settings of BC2 to BCO are inv:

2 BC2 0 R/W
BC1 0 R/W
0 BCO 0 R/W

Bit Counter2to 0

These bits specify the number of bits to be trans
next. When read, the remaining number of trans
indicated. With the I°C bus format, the data is tr:
with one addition acknowledge bit. Bit BC2 to B
settings should be made during an interval betw
transfer frames. If bits BC2 to BCO are set to a \
other than 000, the setting should be made whil
SCL pin is low. The value returns to 000 at the ¢
data transfer, including the acknowledge bit. Wi
clock synchronous serial format, these bits shot
modified.

I°C Bus Format Clock Synchronous Serial
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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1: Transmit data empty interrupt request (TXI) i

6

TEIE

0

R/W

Transmit End Interrupt Enable

This bit enables or disables the transmit end ini
(TEI) at the rising of the ninth clock while the Tl
ICSR is 1. TEI can be canceled by clearing the
or the TEIE bit to 0.

0: Transmit end interrupt request (TEI) is disabl

1: Transmit end interrupt request (TEI) is enabl

RIE

R/W

Receive Interrupt Enable

This bit enables or disables the receive data ful
request (RXI) and the overrun error interrupt re
(ERI) with the clocked synchronous format, wh
receive data is transferred from ICDRS to ICDF
RDREF bit in ICSR is set to 1. RXI can be cance
clearing the RDRF or RIE bit to 0.

0: Receive data full interrupt request (RXI) and
error interrupt request (ERI) with the clocked
synchronous format are disabled.

1: Receive data full interrupt request (RXI) and
error interrupt request (ERI) with the clocked
synchronous format are enabled.

4

NAKIE

0

R/W

NACK Receive Interrupt Enable

This bit enables or disables the NACK receive |
request (NAKI) and the overrun error (setting o
bit in ICSR) interrupt request (ERI) with the cloc
synchronous format, when the NACKF and AL
ICSR are set to 1. NAKI can be canceled by cle
NACKF, OVE, or NAKIE bit to 0.

0: NACK receive interrupt request (NAKI) is dis
1: NACK receive interrupt request (NAKI) is en:
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is halted.

1 ACKBR 0 R Receive Acknowledge
In transmit mode, this bit stores the acknowledgt
that are returned by the receive device. This bit
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 se
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

¢ When a start condition (including re-transfe|
been issued

e When transmit mode is entered from receiv
slave mode

[Clearing conditions]
e When 0 is written in TDRE after reading TD
e When data is written to ICDRT with an instr

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
o When the final bit of transmit frame is sent \
clock synchronous serial format
[Clearing conditions]
e When 0 is written in TEND after reading TE
e When data is written to ICDRT with an instr
5 RDRF 0 R/W Receive Data Register Full

[Setting condition]

e When a receive data is transferred from ICI
ICDRR

[Clearing conditions]
e When 0 is written in RDRF after reading RC
e When ICDRR is read with an instruction
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[Setting conditions]

¢ In master mode, when a stop condition is de
after frame transfer

¢ |n slave mode, when a stop condition is dete
after the general call address or the first byte
address, next to detection of start condition, .
with the address set in SAR

[Clearing condition]

e When 0 is written in STOP after reading STC

Rev.5.00 Nov. 02, 2005 Page 242 of 418
REJ09B0028-0500 RENESAS



e [f the internal SDA and SDA pin disagree at
SCL in master transmit mode

e When the SDA pin outputs high in master m
a start condition is detected

e When the final bit is received with the clocke
synchronous format while RDRF = 1

[Clearing condition]

e When 0 is written in AL/OVE after reading Al

AAS R/W Slave Address Recognition Flag
In slave receive mode, this flag is set to 1 if the
following a start condition matches bits SVA6 to
SAR.
[Setting conditions]
o When the slave address is detected in slave
mode
o When the general call address is detected in
receive mode.
[Clearing condition]
e When 0 is written in AAS after reading AAS :
ADZ R/W General Call Address Recognition Flag

This bit is valid in I°C bus format slave receive

[Setting condition]

o When the general call address is detected in
receive mode

[Clearing condition]

e When 0 is written in ADZ after reading ADZ :
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coririectiey o vie | v buos.
0 FS 0 R/W Format Select

0: I°C bus format is selected.

1: Clocked synchronous serial format is selectec
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ICDRR is an 8-hit register that stores the receive data. When data of one byte is receive
transfers the receive data from ICDRS to ICDRR and the next data can be received. |CL
receive-only register, therefore the CPU cannot write to thisregister. Theinitia valuec
isH'FF.

153.9  1°C Bus Shift Register (ICDRS)

ICDRS s aregister that is used to transfer/receive data. In transmission, dataiis transferi
ICDRT to ICDRS and the data is sent from the SDA pin. In reception, datais transferre
ICDRSto ICDRR after data of one byte is received. This register cannot be read directl
CPU.
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(a) 12C bus format (FS = 0)

[ s: sia |rw|[ A ]| pata | A | [ra] P |
f ! ! f ! f ! n } ! | |<1—-<1—>| n: Transfer bit count
1 m (n=1t08)
m: Transfer frame count
(m=>1)

(b) 12C bus format (Start condition retransmission, FS = 0)

7 n2 |

[s] sia [mw] a] oata | [wA] s | sa_ [rW] A | pata | [A
| 1 : 1 : 1 ni . 1 1 7 | 1 | 1 |<_
1 1

m1 m2

n1 and n2: Transfer bit count (n1 and n2 = 1 to 8)
m1 and m2: Transfer frame count (m1 and m2 > 1

Figure 15.3 1°C BusFormats

S SLA RW A DATA A DATA A P

Figure15.4 1°C BusTiming
Legend

S Start condition. The master device drives SDA from high to low while SCL is hig
SLA: Slave address
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AR T AR A AR

. SettheCE bitin ICCR1 to 1. Set the MLS and WAIT bitsin ICMR and the CKS3 1
bitsin ICCR1 to 1. (Initial setting)

. Read the BBSY flagin ICCR2 to confirm that the busis free. Set the MST and TRS
|CCRL1 to select master transmit mode. Then, write 1 to BBSY and 0 to SCP using M
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 is fixed 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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ICORT )‘\ Address + R/W *’Data 1\ Da

ICDRS \ Addr\ls L RW Xlﬁa 1\ VA
A

4

User [2] Instruction of start [4] Write data to ICDRT (second byte)

processing ition i i
condition SSUANCe 1) write data to ICDRT (first byte) [5] Write data to [CD

Figure15.5 Master Transmit Mode Operation Timing (1)

SCL
(Master output) 9 1 2 3 4 5 6 7 8 9

SDA \

(Master output) |/ \ Bit7 X Bite X Bit5 X Bit4 X Bit3 X Bit2 X Bit1 X Bit0 /\ \
SDA _
(Slave output) A \_\ﬂ/ /

TDRE
TEND

I/ /
ICDRT / Datan []
/ \ [/
ICDRS X Data n |/
'
User [5] Write data to ICDRT [6] Issue stop condition. Clear TEND.
processing

[7] Set slave receive 1

Figure15.6 Master Transmit Mode Operation Timing (2)
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S e g e e S T T T D |

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 0.

. The continuous reception is performed by reading ICDRR every time RDRF is set. |
receive clock pulse fals 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 ‘ \

L —

ICDRS I X\ Datat ]
R \ )
ICDRR // 3 \ X D
User A / 3 \ [3] Read ICDF
processing  [1] Clear TDRE after clearing  [2] Read ICDRR (dummy read)
TEND and TRS

Figure15.7 Master Receive Mode Operation Timing (1)
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RN N
ICDRR X Data n-1 | X Datan |

e \ L

processing [5] Read ICDRR after setting RCVD [7] Read ICDRA, [6] Issue stop
and clear RCVD condition 8]

Figure15.8 Master Receive Mode Operation Timing (2)

15.4.4  Save 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 15.9 and 15.10.

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 CKS31
bitsin ICCR1 to 1. (Initial setting) Set the MST and TRS bitsin ICCR1 to select dla
mode, and wait until the slave 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
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 /
] /
TRS /
ICDRT | X Datat Y Data2 )Y Da
A ]
ICDRS | A Data 1 | | Yoata2||
v / /
ICDRR X / / /
User [2] Write HatatoV ICDRT (data 1)  [2] Write data to ICDRT (data 2) [2] Write data to IC
processing

Figure15.9 Save Transmit Mode Operation Timing (1)
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TEND

TRS

ICDRT !

Al
ICDRS X Datan

ICDRR

User |
processing [3] Clear TEND [4] Read ICDRR (dummy read) [5]
after clearing TRS

Figure15.10 Slave Transmit Mode Operation Timing (2)

1545 Slave Receive Operation

In slave receive mode, the master device outputs the transmit clock and transmit data, ar
slave device returns an acknowledge signal. For slave receive mode operation timing, r
figures 15.11 and 15.12. The reception procedure and operations in slave receive mode
described below.

1. SetthelCEDbitin ICCR1to 1. Setthe MLSand WAIT bitsin ICMR and the CKS3
bitsin ICCR1 to 1. (Initial setting) Set the MST and TRS hitsin ICCR1 to select da
mode, and wait until the slave address matches.

2. 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 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.)
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(SIavSeDc:Jtput) \_ﬂ
RDRF ' \

ICDRS ]|

&/
-
X Data 1 |

ICDRR X ) \ /

User v

processing

[2] Read ICDRR (dummy read) [2] Read |

Figure15.11 Slave Receive Mode Operation Timing (1)

SCL

(Master output) 9 1 2 3 4 5 6 7 8 9
(Masi?futput) ] \ Bit7 X Bite X Bit5 X Bit4 X Bit3 X Bit2 X Bit1 | Bito / \_
scL

(Slave output) \ /
S
(Slave%ﬁtput) \_ﬂ \_/A

RDRF ] )( f|—| A\

ICDRS ) X Data 1 VL)

ICDRR X // /a
User \ i
processing [3] Set ACKBT [3] Read ICDRR  [4] Ree

Figure15.12 Slave Receive Mode Operation Timing (2)
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MSB first or LSB first. The output level of SDA can be changed during the transfer wai
SDAOQ hitin ICCR2.

SCL

SDA XBitOXBit 1XBit2XBit3XBit4XBi15XBit6X Bit 7

Figure 15.13 Clocked Synchronous Serial Transfer Format

Transmit Operation

In transmit mode, transmit data is output from SDA, in synchronization with the fall of
clock. Thetransfer clock isoutput when MST in ICCR1 is 1, and isinput when MST is
transmit mode operation timing, refer to figure 15.14. The transmission procedure and ¢
in transmit mode are described below.

1. SetthelCE bitinICCR1 to 1. Set the MST and CKS3 to CKS0 hitsin ICCR1 to 1. |
Setting)

2. Setthe TRShit in ICCR1 to select the transmit mode. Then, TDRE in ICSR is set.

3. Confirm that TDRE has been set. Then, write the transmit datato ICDRT. The data |
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.
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: (3] Write data (3] Write data i '
processing [3] Write data  [3
to ICDRT to ICDRT to ICDRT
[2] Set TRS

User / v v o o Y

Figure15.14 Transmit Mode Operation Timing

Receive Operation

In receive mode, datais latched at the rise of the transfer clock. The transfer clock is out
MST inICCR1is1, and isinput when MST is 0. For receive mode operation timing, refe
figure 15.15. The reception procedure and operations in receive mode are described bel oy

1. SetthelCEbitinICCR1to 1. Set the MST and CKS3 to CKS0 bitsin ICCR1 to 1. (I
Setting)

2. When the transfer clock is output, set MST to 1 to start outputting the receive clock.

3. When the receive operation is completed, datais transferred from ICDRS to ICDRR ¢
RDRF in ICSR is set. When M ST = 1, the next byte can be received, so the clock is
continually output. The continuous reception is performed by reading ICDRR every t
RDRF is set. When the 8th clock is risen while RDRF is 1, the overrun is detected an
AL/OVE in ICSRis set. At thistime, the previous reception dataiis retained in ICDRI

4. To stop receiving when MST = 1, set RCVD in ICCR1 to 1, then read ICDRR. Then,
fixed high after receiving the next byte data.
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, 5 A ) A
ICDRR / ) X Data 1 X
R
User /
processing (2] Set MST [3] Read ICDRR [3]1

(when outputting the clock)

Figure15.15 Receive Mode Operation Timing

15.4.7 Noise Canceler

Thelogic levels at the SCL and SDA pins are routed through noise cancelers before beil
internally. Figure 15.16 shows a block diagram of the noise canceler circuit.

The noise canceler consists of two cascaded latches and a match detector. The SCL (or !
input signal is sampled on the system clock, but is not passed forward to the next circuit
outputs of both latches agree. If they do not agree, the previous value is held.

SCL or SDA
input signal

Sampling
clock

Sampling clock

Latch Latch

Internal
March detector — SCL or S|

|—’ signal

System clock
period

s

Figure15.16 Block Diagram of

Noise Conceler
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vviite trafisiiit data [4] 1 TESE R GRATRIIEEGE HATISIEER T e SPELIIEE Siave BEvive.

—

Set the second and subsequent bytes (except for the final byte) of transmit data.

Read TEND in ICSR

S Set the last byte of transmit data.

Read ACKBR in ICIER

Wait for ICDRT empty.

Wait for last byte to be transmitted.

Clear the TEND flag.

ransmit
mode?

Write transmit data in ICDRT

I Read TDRE in ICSR
Yes
Yes

] Clear STOP flag.

Issue the stop condition.

Wait for the creation of stop condition.

Set slave receive mode. Clear TDRE.

Write 0 to BBSY
and SCP

Figure15.17 Sample Flowchart for Master Transmit Mode
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Last receive
?

i| (5] [9] Wait for the last byte to be receive.

[10] Clear STOP flag.

Read ICDRR

1 s

[11] Issue the stop condition.

- [12] Wait for the creation of stop condition.

Set ACKBT in ICIER to 1
] [7]

[13] Read the last byte of receive data.

| Set RCVD in ICCR1 to 1 | [14] Clear RCVD.

|
I Read ICDRR | 8] [15] Set slave receive mode.

e— i}

| _Read RDRFinICSR |

Yes
[Coearstopinicse ] | 1ol
.

| Write 0 to BBSY | 1

and SCP
—_—
I

| ReadSTOPinICSR |

Yes
| Read ICDRR | :| 13l
1
Clear RCVD in ICCR1 to 0 ] [14]
I
Clear MST in ICCR1 to 0 | ] [15]
End Note: Do not activate an interrupt during the execution of steps [1] to [3].

Supplementary explanation: When one byte is received, steps [2] to [6] -
skipped after step [1], before jumping to ste
The step [8] is dummy-read in ICDRR.

Figure15.18 Sample Flowchart for Master Receive Mode
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4

es “l [9] Clear the TDRE flag.

Write transmit data
in ICDRT

| Read TENDinICSR |

Yes

[ CleartENDiniCSR__| | (6]

[ Clear RS WICORT 100 | Jm

[ Dummy road ICDRR | s

|  Clear TDFIKE inICSR | :| [9]
End

Figure15.19 Sample Flowchart for Slave Transmit Mode
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Last receive
-1?

J 5] [8] Read the (last byte - 1) of receive data.

] 1l

[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
I _
[ Read ICDRR | ]

| Read RDRFinICSR |

Yes
[ ReadICDRR | ] no

End

Supplementary explanation: When one byte is received, steps [2] to [6] are skipped after step [1],
before jumping to step [7]. The step [8] is dummy-read in ICDRR.

Figure15.20 Sample Flowchart for Slave Receive Mode
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Iransmit Data empty 1 Al (IR =1)-(l1E=1) O O
Transmit End TEI (TEND =1) - (TEIE = 1) o o)
Receive Data Full RXI (RDRF =1) - (RIE=1) e} o)
STOP Recognition STPI (STOP =1) -(STIE=1) o X
NACK Receive NAKI {(NACKF =1)+ (AL=1)}. © X
Arbitration (NAKIE = 1) e} o)
Lost/Overrun

When interrupt conditions described in table 15.3 are 1 and the | bitin CCR is 0, the CPL
executes an interrupt exception processing. Interrupt sources should be cleared in the exc
processing. TDRE and TEND are automatically cleared to O by writing the transmit data
ICDRT. RDRF are automatically cleared to 0 by reading ICDRR. TDRE isset to 1 again
same time when transmit datais written to ICDRT. When TDRE is cleared to O, then an ¢

data of one byte may be transmitted.
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Figure 15.21 shows the timing of the bit synchronous circuit and table 15.4 shows the til
SCL output changes from low to Hi-Z then SCL is monitored.

SCL monitor i i
timing reference i

clock |

scL VA XK
N
| j S |_
Internal SCL 4$J :--.-.......-.......-.d:_-

Figure15.21 The Timing of the Bit Synchronous Cir cuit

Table15.4 Timefor Monitoring SCL

CKS3 CKS2 Time for Monitoring SCL
0 0 7.5 tcyc
1 19.5 teyc
1 0 17.5 teyc
1 41.5 teyc
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2. When the bit synchronous circuit is activated by extending the low period of eighth ai
clocks, that is driven by the slave device

15.7.2  WAIT Settingin 1°C BusMode Register ICMR)

If the WAIT bit isset to 1, and the SCL signal isdriven low for two or more transfer cloc
slave device at the eighth and ninth clocks, the high period of ninth clock may be shorten
avoid this, set the WAIT bit in ICMR to O.
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e Conversiontime: at least 3.5 us per channel (at 20-MHz operation)
e Two operating modes
— Single mode: Single-channel A/D conversion
— Scan mode: Continuous A/D conversion on 1 to 4 channels
e Four dataregisters
— Conversion results are held in a data register for each channel
e Sample-and-hold function
e Two conversion start methods
— Software
— External trigger signa
e Interrupt request
— An A/D conversion end interrupt request (ADI) can be generated
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ANO —*
AN1 —»
AN2 —=
AN3 —=
AN4 —»
AN5 —»
ANG —»
AN7 —»

Analog multiplexer

—

ADTRG

[Legend]

ADCR: A/D control register
ADCSR: A/D control/status register
ADDRA: A/D data register A
ADDRB: A/D data register B
ADDRC: A/D data register C
ADDRD: A/D data register D

It ' >‘ le—— 0/4

: i Control circuit

i T 1 Comparator /8
Sarpic e o
hold circuit interrupt

Figure16.1 Block Diagram of A/D Converter
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Analog input pin 0 ANO Input Group 0 analog input
Analog input pin 1 AN1 Input
Analog input pin 2 AN2 Input
Analog input pin 3 AN3 Input
Analog input pin 4 AN4 Input Group 1 analog input
Analog input pin 5 AN5 Input
Analog input pin 6 ANG6 Input
Analog input pin 7 AN7 Input
A/D external trigger input pin  ADTRG Input External trigger input for .
A/D conversion
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16.3.1 A/D Data RegistersA to D (ADDRA to ADDRD)

There are four 16-bit read-only ADDR registers; ADDRA to ADDRD, used to store ther
A/D conversion. The ADDR registers, which store a conversion result for each analog ir
channel, are shown in table 16.2.

The converted 10-bit datais stored in bits 15 to 6. The lower 6 bits are waysread as 0.

The data bus width between the CPU and the A/D converter is 8 bits. The upper byte can
directly from the CPU, however the lower byte should be read via atemporary register. -
temporary register contents are transferred from the ADDR when the upper byte dataisr
Therefore byte accessto ADDR should be done by reading the upper byte first then the I
Word accessis also possible. ADDR isinitialized to H'0000.

Table16.2 Analog Input Channelsand Corresponding ADDR Registers

Analog Input Channel

Group O Group 1 A/D Data Register to Be Stored Results of A/D Conversi
ANO AN4 ADDRA

AN1 AN5 ADDRB
AN2 ANG6 ADDRC
AN3 AN7 ADDRD
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channels selected In scan moae
[Clearing condition]
e When 0 is written after reading ADF = 1

ADIE

R/W

A/D Interrupt Enable

A/D conversion end interrupt request (ADI) is
by ADF when this bit is set to 1

ADST

R/W

A/D Start

Setting this bit to 1 starts A/D conversion. In
mode, this bit is cleared to 0 automatically wt
conversion on the specified channel is compl
scan mode, conversion continues sequentiall
specified channels until this bit is cleared to 0
software, a reset, or a transition to standby m

SCAN

R/W

Scan Mode

Selects single mode or scan mode as the A/L
conversion operating mode.

0: Single mode
1: Scan mode

CKS

R/W

Clock Select

Selects the A/D conversions time.

0: Conversion time = 134 states (max.)
1: Conversion time = 70 states (max.)

Clear the ADST bit to 0 before switching the «
time.
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101: AN5 101: AN4 and AN5
110: AN6 110: AN4 to AN6
111: AN7 111: AN4 to AN7

16.3.3 A/D Control Register (ADCR)

ADCR enables A/D conversion started by an external trigger signal.

Initial

Bit Bit Name Value R/W Description

7 TRGE 0 R/W Trigger Enable
A/D conversion is started at the falling edge ar
rising edge of the external trigger signal (ADTF
when this bit is set to 1.
The selection between the falling edge and risi
of the external trigger pin (ADTRG) conforms t
WPEGS bit in the interrupt edge select register
(IEGR2)

6to1 — All 1 — Reserved
These bits are always read as 1.

0 — 0 R/W Reserved

Do not set this bit to 1, though the bit is
readable/writable.
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1.

A/D conversion is started when the ADST bit in ADCSR is set to 1, according to sof
external trigger input.

When A/D conversion is completed, the result is transferred to the corresponding A/
register of the channel.

On completion of conversion, the ADF bitin ADCSR is set to 1. If the ADIE bit is s
thistime, an ADI interrupt request is generated.

The ADST 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.

16.4.2 Scan Mode

In scan mode, A/D conversion is performed sequentially for the analog input of the spex
channels (four channels maximum) as follows:

1.

When the ADST bitin ADCSR is set to 1 by software or external trigger input, A/D
conversion starts on the first channel in the group (ANO when CH2 = 0, AN4 when (
When A/D conversion for each channel is completed, the result is sequentialy trans
the A/D data register corresponding to each channel.

When conversion of all the selected channels is completed, the ADF flag in ADCSR
If the ADIE bit isset to 1 at thistime, an ADI interrupt requested is generated. A/D |
starts again on the first channel in the group.

The ADST bhit is not automatically cleared to 0. Steps [2] and [3] are repeated as lon
ADST bit remains set to 1. When the ADST hit is cleared to 0, A/D conversion stop:
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In scan mode, the values given in table 16.3 apply to the first conversion time. In the secc
subsequent conversions, the conversion timeis 128 states (fixed) when CKS =0 and 66 <
(fixed) when CKS= 1.

Address

i
iy

Write signal

Input sampling
timing 0

ADF

to tspL

tcony
[Legend]
1): ADCSR write cycle
2): ADCSR address
tp: A/D conversion start delay time
tgpL @ Input sampling time
tconv : A/D conversion time

Figure16.2 A/D Conversion Timing
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A/D conversion can also be started by an external trigger input. When the TRGE bit in /
set to 1, external trigger input is enabled at the ADTRG pin. A falling edge at the ADT]
pin setsthe ADST bitin ADCSR to 1, starting A/D conversion. Other operations, in bo
and scan modes, are the same as when the bit ADST has been set to 1 by software. Figt
shows the timing.

Internal trigger signal

ADST |
| A/D conversion
I

Figure 16.3 External Trigger Input Timing
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when the digital output changes from the minimum voltage value 0000000000 to 000
(seefigure 16.5).
e Full-scale error
The deviation of the analog input voltage value from theideal A/D conversion charac
when the digital output changes from 1111111110 to 1111111111 (seefigure 16.5).
e Nonlinearity error
The deviation from the ideal A/D conversion characteristic as the voltage changes fro
full scale. Thisdoes not include the offset error, full-scale error, or quantization error
e Absolute accuracy
The deviation between the digital value and the analog input value. Includes offset er
scale error, quantization error, and nonlinearity error.
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010 “— Quantization error
001

000 | | | | | | |

Analog
input voltage

Figure16.4 A/D Conversion Accuracy Definitions (1)

Digital output Full-scale error

n

Ideal A/D conversion v
characteristic 7

7
7

Nonlinearity
/ error

’

-~ Actual A/D conversion
,/ characteristic

P FS

T Analog
Offset error input voltage

Figure16.5 A/D Conversion Accuracy Definitions (2)
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fllter effect |sobta|ned in thlscase it may not be possableto follow an analog sgnal Wlth
differential coefficient (e.g., 5mV/usor greater) (seefigure 16.6). When converting a hi
analog signal or converting in scan mode, alow-impedance buffer should be inserted.

16.6.2 Influenceson Absolute Accuracy

Adding capacitance results in coupling with GND, and therefore noise in GND may adve
affect absolute accuracy. Be sureto make the connection to an electrically stable GND.

Careisalso required to ensure that filter circuits do not interfere with digital signals or &
antennas on the mounting board.

This LS A/D converter
Sensor output equivalent circuit
impedance
up to 5 kQ 10 kQ
Sensor input ‘MA _L _L VAN—-L
Tlow-pass == : Cin = 20 pF
+filter I : 15 pF I I
E Cto 0.1 uF :
_______________ 1

Figure16.6 Analog Input Circuit Example
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Three reading methods:

Current address read

Random address read

Sequential read

Acknowledge polling possible

Write cycletime:

10 ms (power supply voltage Vcc = 2.7 V or more)

Write/Erase endurance:

10" cycles/byte (byte write mode), 10° cycles/page (page write mode)
Data retention:

10 years after the write cycle of 10° cycles (page write mode)
Interface with the CPU

I°C bus interface (complies with the standard of Philips Corporation)
Device code 1010

Sleep address code can be changed (initial value: 000)

The I°C bus is open to the outside, so the EEPROM can be directly accessed from th
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SDA OQe——>

X dec

12C bus interface
control circuit Slave address | H'FF09

SCL O—" register
I

Power-on reset Booster circuit

EEPROM module

[Legend]
ESAR: Register for referring the slave address
(specifies the slave address of the memory array)

Figure17.1 Block Diagram of EEPROM
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~
proper resistor value for your system by co
Voo |, @and the C, pin capacitance in secti
DC Characteristics and in section 21.2.3, A
Characteristics. Maximum clock frequency
kHz.

Serial data pin  SDA Input/Output  The SDA pin is bidirectional for serial data
The SDA pin needs to be pulled up by resi:
pin is open-drain driven structure. Use pro
resistor value for your system by considerir
and the C,, pin capacitance in section 21.2
Characteristics and in section 21.2.3, AC
Characteristics. Except for a start conditiol
stop condition which will be discussed latel
to-low and low-to-high change of SDA inpu
be done during SCL low periods.

17.3 Register Description

The EEPROM has afollowing register.

o EEPROM Kkey register (EKR)

1731 EEPROM Key Register (EKR)

EKR is an 8-bit readable/writable register, which changes the slave address code writter
EEPROM. The slave address code is changed by writing H'5F in EKR and then writing
H'00 to H'07 as an address code to the H'FF09 address in the EEPROM by the byte writ
EKR isinitialized to H'FF.
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17.4.2 BusFormat and Timing

The I°C bus format and the I°C bus timing follow section 15.4.1, 1°C Bus Format. The bu
specific for the EEPROM are the following two.

1. The EEPROM addressis configured of two bytes, the write datais transferred in the
upper address and lower address from each MSB side.
2. Thewrite datais transmitted from the MSB side.

The bus format and bus timing of the EEPROM are shown in figure 17.2.

Start
condmon

lower memory

address ACK| Data |ACK | Data

Upper memory
Slave address I:VW |ACK| address

WV\ANVWV\AWMWV\AW\W
AVAVAVS § W5\ aWD (Y oW\ aWa e

[Legend]
R/W: R/W code (0 is for a write and 1 is for a read),
ACK: acknowledge

ACK

Figure17.2 EEPROM BusFormat and Bus Timing

17.43 Start Condition

A high-to-low transition of the SDA input with the SCL input high is needed to generate
condition for starting read, write operation.
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All address data and serial data such as read data and write data are transmitted to and fi
bit unit. The acknowledgement isthe signal that indicates that this 8-bit datais normall
transmitted to and from.

In the write operation, EEPROM sends "0" to acknowledge in the ninth cycle after recei
data. Inthe read operation, EEPROM sends a read data following the acknowledgemen
receiving the data. After sending read data, the EEPROM enters the bus open state. If t
EEPROM receives "0" as an acknowledgement, it sends read data of the next address. |
EEPROM does not receive acknowledgement "0" and receives a following stop conditic
the read operation and enters a standby mode. If the EEPROM receives neither acknow
"0" nor a stop condition, the EEPROM keeps bus open without sending read data.

17.4.6 Slave Addressing

The EEPROM device receives a 7-bit slave address and a 1-bit R/'W code following the
of the start conditions. The EEPROM enables the chip for aread or awrite operation w
operation.

The slave address consists of aformer 4-bit device code and latter 3-bit slave address as
table 17.2. The device code is used to distinguish device type and this LS| uses "1010"
in the same manner asin a general-purpose EEPROM. The slave address code selects
out of all deviceswith device code 1010 (8 devices in maximum) which are connected t
bus. This means that the device is selected if the inputted slave address code received it
of A2, Al, AOisequal to the corresponding slave address reference register (ESAR).

The slave address code is stored in the address H'FF09 in the EEPROM. It istransferre
from the dlave address register in the memory array during 10 ms after the reset is rel eas
access to the EEPROM is not allowed during transfer.
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7 Device code D3 — 1

6 Device code D2 — 0

5 Device code D1 — 1

4 Device code DO — 0

3 Slave address code A2 0 A2 The initial value can be changed
2 Slave address code A1 0 A1l The initial value can be changed
1 Slave address code A0 0 A0 The initial value can be changed
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acknowledgement "0". If the EEPROM receives a stop condition, the EEPROM ent
internally controlled write cycle and terminates receipt of SCL and SDA inputs until
completion of the write cycle. The EEPROM returns to a standby mode after compl
the write cycle.

The byte write operation is shown in figure 17.3.

D Slave address R/W|ACK Up;;edrdr:]eesnswory ACK lower memory ACK|  Write Data

address

Start
condition

[Legend]
R/W: R/W code (0 is for a write and 1 is for a read)
ACK: acknowledge

Figure17.3 ByteWrite Operation

2. Page Write

This LSl is capable of the page write operation which allows any number of bytes uj
to be written in asingle write cycle. Thewrite dataisinput in the same sequence as
write in the order of a start condition, slave address + R/'W code, memory address (n
write data (Dn) with every ninth bit acknowledgement "0" output. The EEPROM er
page write operation if the EEPROM receives more write data (Dn+1) isinput inste
receiving a stop condition after receiving the write data (Dn). LSB 3 hits (A2to AQ
EEPROM address are automatically incremented to be the (n+1) address upon receiy
data (Dn+1). Thus the write data can be received sequentially.
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SV AWz oWl aWa baWaiVale

o ¥ I N .
C] Slave address }?/WlACKl pF;eJdT:S:ory |ACK| OW:(;;:SZOW |ACK| Write Data |ACK| | Write Data

Start
condition

[Legend]
R/W: R/W code (0 is for a write and 1 is for a read),
ACK: acknowledge

Figure17.4 PageWrite Operation

17.4.8 Acknowledge Poalling

Acknowledge polling feature is used to show if the EEPROM isin an internally-timed wi
or not. Thisfeature isinitiated by the input of the 8-bit slave address + R/W code followi
start condition during an internally-timed write cycle. Acknowledge polling will operate
code="0". The ninth acknowledgement judges if the EEPROM is an internally-timed w
or not. Acknowledgement "1" shows the EEPROM isin ainternally-timed write cycle ar
acknowledgement "0" shows the internally-timed write cycle has been completed. The
acknowledge polling starts to function after awrite dataisinput, i.e., when the stop condi
input.
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following acknowledgement "0". If the EEPROM receives in the order of acknowle
"1" and afollowing stop condition, the EEPROM stops the read operation and is tur
standby state.

In case the EEPROM has accessed the last address H'O1FF at previous read operatio
current address will roll over and returns to zero address. In case the EEPROM has
the last address of the page at previous write operation, the current address will roll
page addressing and returns to the first address in the same page.

The current address is valid while power ison. The current address after power on v
undefined. After power isturned on, define the address by the random address read
described below is necessary.

The current address read operation is shown in figure 17.5.

1 2 3 4 5 6 7 8 9 1 8 9
BAY ﬂ\\ﬂ \/

D Slave address R/W|[ACK Read Data ACK

Start Sto_g)
condition conditon

[Legend]
R/W: R/W code (0 is for a write and 1 is for a read)
ACK: acknowledge

Figure17.5 Current Address Read Operation
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SCL
8 9 1 2 3\ 4

1

s\ aWaAWAWAVS e WAWL S

Upper memoryj lower memory| §

O Slave address }i/wlACKl address  |PM T address  |ACK Slave address R |ACK| Read Ds
Start Start

condition condition

[Legend]
R/W: R/W code (0 is for a write and 1 is for a read),
ACK: acknowledge

Figure17.6 Random Address Read Operation

3. Sequential Read

Thisisamodeto read the data sequentially. Datais sequential read by either acurrer
read or arandom addressread. If the EEPROM receives acknowledgement "0" after

read data is output, the read address isincremented and the next 1-byte read data are ¢
out. Datais output sequentially by incrementing addresses as long as the EEPROM r
acknowledgement "0" after the datais output. The addresswill roll over and returns
zero if it reaches the last address H'OLFF. The sequentia read can be continued after

The sequential read is terminated if the EEPROM receives acknowledgement "1" and
following stop condition as the same manner as in the random address read.

The condition of a sequential read when the current address read is used is shown in f
17.7.
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[Legend]
R/W: R/W code (0 is for a write and 1 is for a read)
ACK: acknowledge

Figure17.7 Sequential Read Operation (when current addressread iSus
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turned on from the ground level (V).
4. V. turn on speed should be longer than 10 us.

17.5.2 Write/lErase Endurance

The endurance is 10° cycles/page (1% cumulative failure rate) in case of page programmi
10*cycles/bytein case of byte programming. The data retention time is more than 10 yez
device is page-programmed less than 10° cycles.

1753 Noise Suppression Time

This EEPROM has a noise suppression function at SCL and SDA inputs, that cuts noise
less than 50 ns. Be careful not to allow noise of width more than 50 ns because the noise
more than 50 msis recognized as an active pulse.
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Even if the power supply voltage falls, the unstable state when the power supply voltage
below the guaranteed operating voltage can be removed by entering standby mode wher
exceeding the guaranteed operating voltage and during normal operation. Thus, system:
can be improved. If the power supply voltage falls more, the reset state is automatically
the power supply voltage rises again, the reset state is held for a specified period, then a
isautomatically entered.

Figure 18.1 isablock diagram of the power-on reset circuit and the low-voltage detectic

18.1 Features

e Power-on reset circuit
Uses an external capacitor to generate an internal reset signal when power is first syj
e Low-voltage detection circuit
LVDR: Monitors the power-supply voltage, and generates an internal reset signal wi
voltage falls below a specified value.
LVDI: Monitors the power-supply voltage, and generates an interrupt when the volt:
below or rises above respective specified values.
Two pairs of detection levelsfor reset generation voltage are available: when only tf
circuit is used, or when the LVDI and LVDR circuits are both used.
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: resistor - [~ m l
: Vint
H +
: Interrupt LVDSR
: LVDINT control
: circuit A
: Reference
H voltage |
H generator
Low-voltage detection circuit
[Legend]

PSS: Prescaler S

LVDCR: Low-voltage-detection control register
LVDSR: Low-voltage-detection status register
LVDRES: Low-voltage-detection reset signal
LVDINT: Low-voltage-detection interrupt signal
Vreset:  Reset detection voltage

Vint: Power-supply fall/rise detection voltage

Figure18.1 Block Diagram of Power-On Reset Circuit and L ow-Voltage Detectior

18.2 Register Descriptions

The low-voltage detection circuit has the following registers.

e Low-voltage-detection control register (LVDCR)

o Low-voltage-detection status register (LVDSR)

18.21 Low-Voltage-Detection Control Register (LVDCR)

LVDCR is used to enable or disable the low-voltage detection circuit, set the detection le
the LVDR function, enable or disable the LVDR function, and enable or disable generati
interrupt when the power-supply voltage rises above or falls below the respective levels.
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3 LVDSEL o©O* R/W

LVDR Detection Level Select
0: Reset detection voltage is 2.3 V (typ.)
1: Reset detection voltage is 3.6 V (typ.)

When the falling or rising voltage detection inte
used, reset detection voltage of 2.3 V (typ.) shc
used. When only a reset detection interrupt is L
detection voltage of 3.6 V (typ.) should be usec

2 LVDRE 0* R/W

LVDR Enable
0: Disables the LVDR function
1: Enables the LVDR function

1 LVDDE 0 R/W

Voltage-Fall-Interrupt Enable

0: Interrupt on the power-supply voltage falling
selected detection level disabled

1: Interrupt on the power-supply voltage falling
selected detection level enabled

0 LVDUE 0 R/W

Voltage-Rise-Interrupt Enable

0: Interrupt on the power-supply voltage rising ¢
selected detection level disabled

1: Interrupt on the power-supply voltage rising :
selected detection level enabled

Note: * Not initialized by LVDR but initialized by a power-on reset or WDT reset.
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Legend: *: means invalid.

18.2.2 Low-Voltage-Detection Status Register (LVDSR)

LVDSR indicates whether the power-supply voltage falls below or rises above the respec

specified values.
Initial
Bit Bit Name Value R/W Description
7t02 — All 1 — Reserved
These bits are always read as 1, and cannot be
1 LVDDF 0* R/W LVD Power-Supply Voltage Fall Flag
[Setting condition]
When the power-supply voltage falls below Vint
=3.7V)
[Clearing condition]
Writing 0 to this bit after reading it as 1
0 LVDUF 0* R/W LVD Power-Supply Voltage Rise Flag

[Setting condition]

When the power supply voltage falls below Vint
the LVDUE bit in LVDCR is set to 1, then rises a
(U) (typ. = 4.0 V) before falling below Vreset1 (ty
V)

[Clearing condition]

Writing 0 to this bit after reading it as 1

Note: * Initialized by LVDR.
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prevent the incorrect operation of the chip by noise on the RES pin.

To achieve stable operation of this LSI, the power supply needsto rise to itsfull level ar
within the specified time. The maximum time required for the power supply to rise and:
power has been supplied (t,,.,) iS determined by the oscillation frequency (f...) and cap
which is connected to RES pin (Cggs). If t,,,.,, Means the time required to reach 90 % of
supply voltage, the power supply circuit should be designed to satisfy the following forr

toon (MS) < 90 x Cres (UF) + 162/f,, (MHz)

(toyon <3000 ms, Cges 2 0.22 pF, and f_., = 10 in 2-MHz to 10-MHz operatic

PWON —

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
should be placed near Vcc. If the power supply voltage (Vcc) rises from the point above
power-on reset may not occur.
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PSS counter starts Reset released

Figure 18.2 Operational Timing of Power-On Reset Circuit

18.3.2 Low-Voltage Detection Cir cuit
LVDR (Reset by Low Voltage Detect) Circuit:

Figure 18.3 shows the timing of the LVDR function. The LVDR enters the modul e-stand
after apower-on reset is canceled. To operate the LVDR, set the LVDE bitin LVDCR to
for 50 us (t,,.oy) UNtil the reference voltage and the low-voltage-detection power supply |
stabilized by a software timer, etc., then set the LVDRE bit in LVDCR to 1. After that, tt
settings of ports must be made. To cancel the low-voltage detection circuit, first the LVD
should be cleared to 0 and then the LVDE bit should be cleared to 0. The LVDE and LVI
must not be cleared to O simultaneously because incorrect operation may occur.

When the power-supply voltage falls below the Vreset voltage (typ. = 2.3V or 3.6 V), th
clearsthe LVDRES signal to O, and resets the prescaler S. The low-voltage detection rest
remains in place until a power-on reset is generated. When the power-supply voltage rise
the Vreset voltage again, the prescaler S starts counting. It counts 131,072 clock (¢) cycle
then releases the internal reset signal. In this case, the LVDE, LVDSEL, and LV DRE bhit:
LVDCR are not initialized.

Note that if the power supply voltage (Vcc) falls below V = 1.0V and then risesfro

point, the low-voltage detection reset may not occur.

LVDRmin

If the power supply voltage (Vcc) falls below Vpor = 100 mV, a power-on reset occurs.
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Internal reset , 7
signal i< 131,072 cycles

t }

PSS counter starts Reset released

Figure 18.3 Operational Timing of LVDR Circuit
LVDI (Interrupt by Low Voltage Detect) Cir cuit:

Figure 18.4 shows the timing of LV DI functions. The LV DI enters the module-standby
apower-on reset is canceled. To operate the LV DI, set the LVDE bitin LVDCR to 1, w
us (00 Until the reference voltage and the low-voltage-detection power supply have ¢
by a software timer, etc., then set the LVDDE and LVDUE bitsin LVDCR to 1. After tl
output settings of ports must be made. To cancel the low-voltage detection circuit, first |
LVDDE and LVDUE bits should all be cleared to 0 and then the LV DE bit should be cl
The LVDE bit must not be cleared to 0 at the same timing asthe LVDDE and LVDUE |
because incorrect operation may occur.

When the power-supply voltage falls below Vint (D) (typ. = 3.7 V) voltage, the LVDI ¢
LVDINT signal to 0 and the LVDDF bitin LVDSR issetto 1. If the LVDDE bitis 1 at
an IRQO interrupt request is simultaneously generated. In this case, the necessary datan
saved in the external EEPROM, etc, and atransition must be made to standby mode or ¢
mode. Until this processing is completed, the power supply voltage must be higher than
limit of the guaranteed operating voltage.

When the power-supply voltage does not fall below Vresetl (typ. = 2.3 V) voltage but ri
Vint (U) (typ. = 4.0 V) voltage, the LVDI setsthe LVDINT signal to 1. If the LVDUE &

Rev.5.00 Nov. 02,2005 Pag
RENESAS REJOS



LVUINI

LVDDE |

LVDDF

O)
N/

LVDUE |

LVDUF

IRQO interrupt generated IRCIO interrupt generated

Figure 18.4 Operational Timing of LVDI Cir cuit
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LVDUE hitsto 0. Then clear the LVDE bit to 0. The LVDE bit must not be cleared
same timing as the LVDRE, LVDDE, and LVDUE bits because incorrect operation

LVDE

LVDDE '

|
T

LVDUE
_—

|
.

:
i< tivpon

Figure18.5 Timing for Operation/Release of L ow-Voltage Detection Circ
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19.1  When Using Internal Power Supply Step-Down Cir cuit

Connect the external power supply to the V. pin, and connect a capacitance of approxir
MU between V and V, asshown in figure 19.1. The internal step-down circuit is made
simply by adding this external circuit. In the external circuit interface, the external powe
voltage connected to V. and the GND potential connected to V are the reference level:
example, for port input/output levels, the V. level isthe reference for the high level, an
level isthat for the low level. The A/D converter analog power supply is not affected by

internal step-down circuit.

Step-down circuit

Internal
logic

Internal |
power .
supply

a

Voo=3.0t055V

Stabilization
capacitance
(approx. 0.1 uF)

Figure19.1 Power Supply Connection when Internal Step-Down Circuit is |

PSCKT00A_ 000020020200
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| Step-down circuit I

Internal Internal
logic power
supply

Figure19.2 Power Supply Connection when Internal Step-Down Circuit is Not
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DO NOt attempt 1o acCess reserved adaresses.

When the address is 16-bit wide, the address of the upper byteisgivenin thelist.
Registers are classified by functional modules.

The data bus width is indicated.

The number of access statesis 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 registers consist of 16 bits, bits are described from the MSB side.

. Register states in each operating mode
Register states are described in the same order as the register addresses.

Theregister states described here are for the basic operating modes. If there is a spe
for an on-chip peripheral module, refer to the section on that on-chip peripheral moc
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— — — HFO000to — —

H'F72F
Low-voltage detection control LVDCR 8 H'F730 LVDC*' 8
register
Low-voltage detection status register LVDSR 8 H'F731 LVDC*' 8
— — — HF732t0 — —

H'F747
I’C bus control register 1 ICCR1 8 HF748  liC2 8
I’C bus control register 2 ICCR2 8 H'F749 lic2 8
I’C bus mode register ICMR 8 H'F74A lic2 8
I’C bus interrupt enable register ICIER 8 H'F74B lIc2 8
I’C bus status register ICSR 8 H'F74C lic2 8
Slave address register SAR 8 H'F74D lIc2 8
I’C bus transmit data register ICDRT 8 H'F74E lc2 8
I’C bus receive data register ICDRR 8 H'F74F |[072 8
— — — HF750t0 — —

H'FF7F
Timer mode register W TMRW 8 H'FF80 Timer W 8
Timer control register W TCRW 8 H'FF81 Timer W 8
Timer interrupt enable register W TIERW 8 H'FF82 Timer W 8
Timer status register W TSRW 8 H'FF83 Timer W 8
Timer 1/O control register 0 TIORO 8 H'FF84 Timer W 8
Timer 1/O control register 1 TIOR1 8 H'FF85 Timer W 8
Timer counter TCNT 16  H'FF86 Timer W 16**
General register A GRA 16 H'FF88 Timer W 16**
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H'FF94 to

H'FF9A
Flash memory enable register FENR 8 HFFOB  ROM 8
— — — HFF9Cto — —

H'FFOF
Timer control register VO TCRVO 8 H'FFAO Timer V 8
Timer control/status register V TCSRV 8 H'FFA1 Timer V 8
Timer constant register A TCORA 8 H'FFA2 Timer V 8
Timer constant register B TCORB 8 H'FFA3 Timer V 8
Timer counter V TCNTV 8 H'FFA4 Timer V 8
Timer control register V1 TCRV1 8 H'FFA5 Timer V 8
Timer mode register A TMA 8 H'FFA6 Timer A 8
Timer counter A TCA 8 H'FFA7 Timer A 8
Serial mode register SMR 8 H'FFA8 SCI3 8
Bit rate register BRR 8 H'FFA9 SCI3 8
Serial control register 3 SCR3 8 HFFAA  SCI3 8
Transmit data register TDR 8 HFFAB  SCI3 8
Serial status register SSR 8 HFFAC  SCI3 8
Receive data register RDR 8 HFFAD  SCI3 8
— — — H'FFAE, — —

H'FFAF
A/D data register A ADDRA 16 HFFBO A/D 8

converter
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A/D control register ADCR 8 H'FFB9 A/D
converter
— — — H'FFBA to —
H'FFBF
Timer control/status register WD TCSRW 8 HFFCO  WDT*®
D
Timer counter WD TCWD 8 H'FFC1 WDT*®
Timer mode register WD TMWD 8 HFFC2  WDT*®
— — — HFFC3 —
— — — HFFC4to —
H'FFC7
Address break control register ABRKCR 8 H'FFC8  Address
break
Address break status register ABRKSR 8 H'FFC9  Address
break
Break address register H BARH 8 H'FFCA  Address
break
Break address register L BARL 8 HFFCB  Address
break
Break data register H BDRH 8 H'FFCC  Address
break
Break data register L BDRL 8 HFFCD  Address
break
— — — HFFCE, —
H'FFCF
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Port data register 5 PDR5 8 HFFD8 /O port 8
— — — HFFD9  1/O port —
Port data register 7 PDR7 8 H'FFDA  1/O port 8
Port data register 8 PDR8 8 H'FFDB  1/O port 8
— — — H'FFDC 1/O port —
Port data register B PDRB 8 H'FFDD  1/O port 8
_ — — H'FFDE, 1/O port —
H'FFDF
Port mode register 1 PMR1 8 H'FFEO  I/O port
Port mode register 5 PMR5 8 H'FFE1 I/O port
— — — H'FFE2, 1/O port —
H'FFE3
Port control register 1 PCR1 8 H'FFE4 1/0 port
Port control register 2 PCR2 8 H'FFE5 1/0 port
— — —  H'FFE6, 1/O port —
H'FFE7
Port control register 5 PCR5 8 H'FFE8  I/O port 8
— — — HFFE9  1/O port —
Port control register 7 PCR7 8 H'FFEA  1/O port 8
Port control register 8 PCR8 8 HFFEB  1/O port 8
— — — H'FFEC to 1/O port —
H'FFEF
Rev.5.00 Nov. 02,2005 Pag
RENESAS REJOS



_ — — H'FFE7 1/0O port —

Wake-up interrupt flag register IWPR 8 H'FFF8 Interrupts 8
Module standby control register1  MSTCR1 8 H'FFF9 Power-down 8
— — — HFFFAto — —
H'FFFF
e EEPROM
Data

Abbre-  Bit Module Bus
Register Name viation No Address Name Width
EEPROM slave address register — 8 HFF09 EEPROM —
EEPROM key register EKR 8 HFF10 EEPROM —

Notes: 1. LVDC: Low-voltage detection circuits (optional)
2. Only word access can be used.
3. WDT: Watchdog timer
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ICCR1 ICE RCVD  MST TRS CKS3 CKS2 CKS1 CKSO0 Il
ICCR2 BBSY SCP SDAO  SDAOP SCKO — IICRST —
ICMR MLS WAIT — — BCWP  BC2 BC1 BCO
ICIER TIE TEIE RIE NAKIE  STIE ACKE ACKBR ACKBT
ICSR TDRE TEND RDRF NACKF STOP AL/OVE AAS ADZ
SAR SVA6 SVA5 SVA4 SVA3 SVA2 SVA1 SVAO FS
ICDRT ICDRT7 ICDRT6 ICDRT5 ICDRT4 ICDRT3 ICDRT2 ICDRT1 ICDRTO
ICDRR ICDRR7 ICDRR6 ICDRR5 ICDRR4 ICDRR3 ICDRR2 ICDRR1 ICDRRO
TMRW CTS — BUFEB BUFEA — PWMD PWMC PWMB T
TCRW CCLR CKS2 CKS1 CKSO0 TOD TOC TOB TOA
TIERW OVIE — — — IMIED IMIEC IMIEB IMIEA
TSRW OVF — — — IMFD IMFC IMFB IMFA
TIORO — 10B2 10B1 I0BO — I10A2 I0A1 I0A0
TIOR1 — I0D2 10D1 10D0 — 10C2 10CH I0Co
TCNT TCNT15 TCNT14 TCNT13 TCNT12 TCNT11 TCNT10 TCNT9 TCNT8
TCNT7 TCNT6 TCNT5 TCNT4 TCNT3 TCNT2 TCNT1 TCNTO
GRA GRA15 GRA14 GRA13 GRA12 GRA11 GRA10 GRA9 GRA8
GRA7 GRA6 GRA5 GRA4 GRA3 GRA2 GRA1 GRAO
GRB GRB15 GRB14 GRB13 GRB12 GRB11 GRB10 GRB9 GRB8
GRB7 GRB6 GRB5 GRB4 GRB3 GRB2 GRBH1 GRBO
GRC GRC15 GRC14 GRC13 GRC12 GRC11 GRC10 GRC9 GRCS8
GRC7 GRC6 GRC5 GRC4 GRC3 GRC2 GRCA1 GRCO
GRD GRD15 GRD14 GRD13 GRD12 GRD11 GRD10 GRD9 GRD8
GRD7 GRD6 GRD5 GRD4 GRD3 GRD2 GRD1 GRDO
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TCORB7 TCORB6 TCORB5 TCORB4 TCORB3 TCORB2 TCORB1 TCORBO

TCNTV  TCNTV7 TCNTV6 TCNTV5 TCNTV4 TCNTV3 TCNTV2 TCNTVi TCNTVO
TCRV1  — — — TVEG1 TVEGO TRGE — ICKSO0
T™MA TMA7 TMA6  TMA5  — TMA3 TMA2 TMA1  TMAO Ti
TCA TCA7 TCA6 TCA5 TCA4 TCA3 TCA2 TCA1  TCAO
SMR COM CHR  PE PM STOP  MP CKS1  CKSO  SC
BRR BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRR1  BRRO
SCR3  TIE RIE TE RE MPIE TEIE  CKE1  CKEO
TDR TDR7 TDR6 TDR5 TDR4 TDR3 TDR2 TDR1  TDRO
SSR TDRE RDRF OER  FER PER TEND MPBR MPBT
RDR RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDR1  RDRO
ADDRA  AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 A/
AD1 ADO — — — — — — co
ADDRB  AD9 ADS AD7 AD6 AD5 AD4 AD3 AD2
AD1 ADO — — — — — —
ADDRC  AD9 ADS AD7 AD6 AD5 AD4 AD3 AD2
AD1 ADO — — — — — —
ADDRD  AD9 ADS AD7 AD6 AD5 AD4 AD3 AD2
AD1 ADO — — — — — —
ADCSR  ADF ADIE  ADST SCAN CKS  CH2 CH1 CHO
ADCR  TRGE — — — — — — —
TCSRWD B6WI  TCWE B4wl TCSRW B2WI  WDON BOWI  WRST W
E
TCWD TCWD7 TCWD6 TCWD5 TCWD4 TCWD3 TCWD2 TCWD1 TCWDO
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bt L

bt L

ek

el

bt L L

ek

b L

Il bl § L §

ek

PUCR1  PUCR17 PUCR16 PUCR15 PUCR14 — PUCR12 PUCR11 PUCR10 |
PUCR5 — — PUCR55 PUCR54 PUCR53 PUCR52 PUCR51 PUCRS50
PDR1 P17 P16 P15 P14 — P12 P11 P10

PDR2 — — — — — P22 P21 P20

PDR5 P57+° P56*° P55 P54 P53 P52 P51 P50

PDR7 — P76 P75 P74 — — — —

PDR8 P87 P86 P85 P84 P83 P82 P81 P80
PDRB PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO
PMR1 IRQ3 IRQ2 IRQ1 IRQO — — TXD TMOW
PMR5 — — WKP5  WKP4  WKP3  WKP2 WKP1  WKPO
PCR1 PCR17 PCR16 PCR15 PCR14 — PCR12 PCR11 PCR10
PCR2 — — — — — PCR22 PCR21 PCR20
PCR5 PCR57*° PCR56*° PCR55 PCR54 PCR53 PCR52 PCR51 PCR50
PCR? — PCR76 PCR75 PCR74 — — — —

PCR8 PCR87 PCR86 PCR85 PCR84 PCR83 PCR82 PCR81 PCR80
SYSCR1 SSBY  STS2 STSH STSO NESEL — — — F
SYSCR2 SMSEL LSON DTON  MA2 MA1 MAO SA1 SA0
IEGR1 NMIEG — — — IEG3 IEG2 IEG1 IEGO I
IEGR2  — — WPEG5 WPEG4 WPEG3 WPEG2 WPEG1 WPEGO
IENRT IENDT IENTA IENWP — IEN3 IEN2 IENT IENO

IRR1 IRRDT IRRTA — — IRRI3  IRRI2 IRRI IRRIO
IWPR — — IWPF5 IWPF4 IWPF3 IWPF2 IWPF1  IWPFOQ
MSTCR1 — MSTIIC MSTS3 MSTAD MSTWD MSTTW MSTTV MSTTA F
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ICSR Initialized — — —
SAR Initialized _ _ _
ICDRT Initialized — — —
ICDRR Initialized — _ _
TMRW Initialized — — — Timer'
TCRW Initialized — — —
TIERW Initialized — — —
TSRW Initialized — — —
TIORO Initialized — — —
TIOR1 Initialized — — —
TCNT Initialized — — —
GRA Initialized — — —
GRB Initialized — — —
GRC Initialized —_ — —
GRD Initialized — — —
FLMCR1 Initialized Initialized  Initialized  Initialized ~ROM
FLMCR2 Initialized — — —
FLPWCR Initialized — — —
EBR1 Initialized Initialized Initialized Initialized
FENR Initialized — — —
TCRVO Initialized Initialized Initialized Initialized ~ Timer'
TCSRV Initialized Initialized Initialized Initialized
TCORA Initialized Initialized Initialized Initialized
TCORB Initialized Initialized Initialized Initialized
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SSR Initialized  — — Initialized Initialized Initialized

RDR Initialized —— — Initialized Initialized Initialized

ADDRA Initialized — — Initialized Initialized Initialized ~ A/D con
ADDRB Initialized —— — Initialized Initialized Initialized

ADDRC Initialized — — Initialized Initialized Initialized

ADDRD  Initialized —— — Initialized Initialized Initialized

ADCSR Initialized — — Initialized Initialized Initialized

ADCR Initialized —— — Initialized  Initialized  Initialized

TCSRWD Initialized —— — — — — WDT*?
TCWD Initialized —— — — — —

TMWD Initialized —— — — — —

ABRKCR Initialized —— — — — — Address
ABRKSR Initialized —— — — — —

BARH Initialized —— — — — —

BARL Initialized — — — — —

BDRH Initialized —— — — — —

BDRL Initialized — — — — —

PUCRH1 Initialized —— — — — — /0 port
PUCR5 Initialized —— — — — —

PDR1 Initialized — — — — —

PDR2 Initialized —— — — — —

PDR5 Initialized —— — — — —

PDR7 Initialized —— — — — —

PDR8 Initialized — — — — —

PDRB Initialized —— — — — —
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SYSCR2 Initialized — e — . — Power

IEGR1 Initialized  — — — — — Interru
IEGR2 Initialized —— — — — — Interruy|
IENR1 Initialized  — — — — — Interru
IRR1 Initialized — — — — — Interru
IWPR Initialized —— — — — — Interru|
MSTCR1 Initialized —— — — — — Power
e EEPROM

Register

Name Reset Active Sleep Subactive Subsleep  Standby Modul
EKR — — — — — — EEPR(
Notes: — is not initialized

1. LVDC: Low-voltage detection circuits (optional)
2. WDT: Watchdog timer

Rev.5.00 Nov. 02,2005 Pag
RENESAS REJOS



Rev.5.00 Nov. 02,2005 Page 314 of 418
REJ09B0028-0500 RENESAS



B and X1

Port B -0.3t0 AV, +0.3 V

X1 -0.3t04.3 \
Operating temperature T —20to +75 °C
Storage temperature T -55to +125 °C

Note: * Permanent damage may result if maximum ratings are exceeded. Normal op
should be under the conditions specified in Electrical Characteristics. Exceed
values can result in incorrect operation and reduced reliability.

21.2  Electrical Characteristics(F-ZTAT™ Version, EEPROM Ste

F-ZTAT™ Version)

2121 Power Supply Voltage and Operating Ranges

Power Supply Voltage and Oscillation Frequency Range

dosc (MHz) ow (kHz)
200 --f-mmeeeee-
32.768 | ---- | BT ]
10.0 --{-- ! . : :
20 --1--7 : ! | 5
3.0 4.0 55 Vge (V) 3.0 4.0 55 V

e AVgc=3.3t05.5V
e Active mode
¢ Sleep mode

e AVgc=33t055V
* All operating modes

RENESAS
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WO T Y IV Vel ¥ - WO T Vv IV JJ Y

* Active mode ¢ Subactive mode
 Sleep mode ¢ Subsleep mode
(When MA2 in SYSCR2=0)
¢ (kHz)
2500 f-----------
1250 |---- ;
78125 | ----

3.0 4.0 55 vge (V)
° AVCC =33t055V
¢ Active mode
* Sleep mode
(When MA2 in SYSCR2=1)

Analog Power Supply Voltage and A/D Converter Accuracy Guarantee Range

o (MHz)
200 f-----------

10.0 [------

20 |------

33 40 55  AVcc (V)

i VCC =3.0to 55V
* Active mode
e Sleep mode
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20| : : '
: : : Vee(V)

3.0 45 55

[ Operation guarantee range

[ Operation guarantee range except
A/D conversion accuracy
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MUV, F1UL V% 0.9 Vo + 0.3
FTIOA to FTIOD,
SCKS3, TRGV
RXD, SCL, SDA, V., =4.0t055V V_x0.7 Vg +0.3
P10 to P12,
P14 to P17,
P20 to P22,
P50 to P57, V,,x 0.8 V., +0.3
P74 to P76,
P80 to P87
PBO to PB7 Ve=401055V  Vx07 AV, +0.3
V% 0.8 AV . +0.3
0OSC1 V,,=40t055V V, -05 Vi, +0.3
V. —0.3 Vo +0.3
Input low V. RES, NMI, Vee=4.0t055V 0.3 Vx0.2
voltage WKPO to WKP5,
IRQO to IRQ3,
ADTRG,TMRIV,
TMCIV, FTCI, -0.3 Vx 0.1
FTIOA to FTIOD,
SCKS3, TRGV
RXD, SCL, SDA, V. ,=4.0t055V -0.3 V% 0.3
P10 to P12,
P14 to P17,
P20 to P22,
P50 to P57, -0.3 V% 0.2
P74 to P76,
P80 to P87
PBO to PB7
0SC1 V,,=40t055V 0.3 0.5
-0.3 0.3
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_IOH = V. 1 1A

Output Vo P10 to P12, V,=4.0t055 — — 0.6 \Y
low P14 to P17, Vi, =1.6 mA
voltage P20 to P22,
P50 to P57, lo, = 0.4 MA - — 04
P74 to P76
P80 to P87 V,=4.0t05.5V — — 1.5 \Y
lo, =20.0 mA
Vi=40t055V — — 1.0
lo,=10.0mA
Vi=40t055V — — 0.4
lo,=1.6 MA
lo, =0.4 mA — — 0.4
SCL, SDA Vi=40t055V — — 0.6 \%
l,, =6.0 mA
lo,=3.0mA — — 0.4
Input/ [ OSCH1, NMI, V,=05Vto — — 1.0 PA
output WKPO to WKP5, (V. —-0.5V)
leakage IRQO to IRQ3,
current ADTRG, TRGV,
TMRIV, TMCIV,
FTCI, FTIOA to
FTIOD, RXD,
SCK3, SCL, SDA
P10 to P12, V,=05Vto — — 1.0 HA
P14 to P17, (Ve —0.5V)
P20 to P22,
P50 to P57,
P74 to P76,
P80 to P87
PBO0 to PB7 V,=05Vto — — 1.0 pA
(AV,,—-0.5V)
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nouc
current
consump-
tion

Ve =9V Y,

fose = 20 MHz

Active mode 1
Ve=3.0V,
fosc = 10 MHZz

8.0

Refe
valu

OPE2

cc

Active mode 2
Vee=5.0V,
f .. =20 MHz

osc

2.0

3.0

Active mode 2
Ve =3.0V,
fosc = 10 MHz

1.2

mA

Refe
valu

Sleep
mode
current
consump-
tion

SLEEP1

cc

Sleep mode 1
Vee=5.0V,
fosc =20 MHz

16.0

22.5

Sleep mode 1
V=30V,
fose = 10 MHz

8.0

mA

Refe
valu

SLEEP2

cc

Sleep mode 2
Vee=5.0V,
f oo =20 MHz

osc

1.8

2.7

Sleep mode 2
Ve, =3.0V,
fosc = 10 MHz

1.2

mA

Refe
valu

Subactive
mode
current
consump-
tion

suB

cc

Vee=38.0V
32-kHz crystal
resonator

(q)sua = 0,/2)

40.0

70.0

Vee=3.0V
32-kHz crystal
resonator

(05 = 0,/8)

30.0

A

Refe
valu
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RAMGala  Vvg.y Vee <.V — - v
retaining
voltage

Note: * Pin states during current consumption measurement are given below (exclud
in the pull-up MOS transistors and output buffers).

Mode RES Pin Internal State Other Pins Oscillator Pi

Active mode 1 Ve Operates Ve Main clock:
ceramic or cI
resonator

Active mode 2 Operates Subclock:

(9OSC/64) Pin X1 =V

Sleep mode 1 Ve Only timers operate Vee

Sleep mode 2 Only timers operate

(00SC/64)

Subactive mode Ve Operates Vee Main clock:
ceramic or cI
resonator

Subsleep mode Ve Only timers operate Ve Subclock:
crystal reson

Standby mode Ve CPU and timers Ve Main clock:

both stop ceramic or i
resonator
Subclock:
Pin X1 =V
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Note: * The current consumption of the EEPROM chip is shown.
For the current consumption of H8/3694N, add the above current values to the
consumption of H8/3694F.
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LYuvl Aliu VUM

Output pins — — 0.5
except port 8,
SCL, and SDA
Allowable output low I, Output pins Vi=40t055V — — 40.0
current (total) except port 8,
SCL, and SDA
Port 8, — —_ 80.0
SCL, and SDA
Output pins — — 20.0
except port 8,
SCL, and SDA
Port 8, — — 40.0
SCL, and SDA
Allowable output high |-, All outputpins V. =4.0t055V — — 2.0
current (per pin) — — 0.2
Allowable output high |-, | Alloutput pins ~ V,,=4.0t05.5V — — 30.0
current (total) — — 8.0

RENESAS
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cycle time

— — 12.8 ps

Subclock oscillation f,, X1, X2 — 32.768 — kHz
frequency
Watch clock (¢,,) ty X1, X2 — 305 — ys
cycle time
Subclock (¢, ) tubeye 2 — 8 ty
cycle time
Instruction cycle 2 — - oye
time toubeye
Oscillation ” 0OSC1, — — 10.0 ms
stabilization time 0SC2
(crystal resonator)
Oscillation t, 0OSCH1, — — 5.0 ms
stabilization time 0OSsC2
(ceramic resonator)
Oscillation ox X1, X2 — — 2.0 s
stabilization time
External clock tepn OSC1 V,=4.0t055V 20.0 — — ns
high width 40.0 — —
External clock tept OSC1 V,o=40t055V 200 — — ns
low width 40.0 — —
External clock [ OSC1 Vie=4.0t055V — — 10.0 ns
rise time — — 15.0
External clock topr OSC1 Voe=4.0t055V — — 10.0 ns
fall time — — 15.0
RES pin low toe RES At power-on and in t_ — — ms
width modes other than

those below

In active mode and 200 — — ns

sleep mode

operation
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F1OD

Input pin low t, NMI, 2 — — t

width TRQO to
1RQS,
WKPO to
WKP5,
TMCIV,
TMRIV,
TRGV,
ADTRG,
FTCI,
FTIOA to
FTIOD

Notes: 1. When an external clock is input, the minimum system clock oscillation frequ
1.0 MHz.

2. Determined by MA2, MA1, MAO, SA1, and SAO of system control register 2 (:

cye

subcyc
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SCL and SDA input  tg, — 1t ns
spike pulse removal
time
SDA input bus-free  t, 5t,, — ns
time
Start condition input  t_, 3t — ns
hold time
Retransmission start  tg,¢ 3t — ns
condition input setup
time
Setup time for stop  t 3t,, — ns
condition input
Data-input setup time t ¢ 1t +20 — ns
Data-input hold time  t,, 0 — ns
Capacitive load of C, 0 400 pF
SCL and SDA
SCL and SDA output Vee=4.0t0 — 250 ns
fall time 55V

— 300
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width

i A

Transmit data delay t
time (clocked
synchronous)

TXD

Ve =40Vto5.5V

— — 1 t f

cyc
- - 1

Receive data setup t
time (clocked
synchronous)

RXD

Vo, =40V1t055V

500 — — ns

1000 — —

Receive data hold t
time (clocked
synchronous)

RXD

Ve =40Vto5.5V

500 — — ns

1000 — —

RENESAS
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Analog power supply Al AV, AV, =50V — — 20 mA
current i
osc —
20 MHz
Alsmpw Avcc - 50 - HA
AISTOP2 AVcc - - 5.0 pA
Analog input Con ANO to — — 300 pF
capacitance AN7
Allowable signal Ran ANO to — — 5.0 kQ
source impedance AN7
Resolution (data 10 10 10 bit
length)
Conversion time AV, =3.3to0 134 - — oye
(single mode) 55V
Nonlinearity error — — 7.5 LSB
Offset error — — 75 LSB
Full-scale error — — 75 LSB
Quantization error — — 05 LSB
Absolute accuracy — — 8.0 LSB
Conversion time AV, =4.0to 70 - — te
(single mode) 55V
Nonlinearity error — — 7.5 LSB
Offset error — — 75 LSB
Full-scale error — — 75 LSB
Quantization error — — =05 LSB
Absolute accuracy — — 8.0 LSB
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2. A IS The current In active and sleep modes while the A/D converter Is idle

STOP1

3. Alg,,, is the current at reset and in standby, subactive, and subsleep modes

A/D converter is idle.

21.25 Watchdog Timer Characteristics

Table21.7 Watchdog Timer Characteristics
V,.=30t055V,V_=0.0V, T,=-20to +75°C, unless otherwise indicated.

Applicable  Test Values
Item Symbol Pins Condition Min Typ Max Unit
On-chip toue 0.2 0.4 — ]
oscillator
overflow
time

Note: * Shows the time to count from 0 to 255, at which point an internal reset is gen
when the internal oscillator is selected.
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Programming Wait time after SWE X 1 —_ —

bit setting*'

Wait time after PSU y 50 —_ —

bit setting*'

Wait time after P bit setting  z1 1<n<6 28 30 32

* Tkt z2 7<n<1000 198 200 202
z3 Additional- 8 10 12

programming

Wait time after P bit clear*' a 5 — —

Wait time after PSU B 5 — —

bit clear*

Wait time after PV Y 4 — —

bit setting*"

Wait time after € 2 — —

dummy write*'

Wait time after PV bit clear*' n 2 — —

Wait time after SWE 0 100 — —

bit clear*

Maximum programming N — — 1000

count *"**8
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Wait time after EV Y 20 — —

bit setting*'

Wait time after € 2 — —
dummy write*'

Wait time after EV bit clear*’ 7 4 — —
Wait time after SWE 0 100 — —
bit clear*’

Maximum erase count *'**” N — — 120

Notes: 1.

Make the time settings in accordance with the program/erase algorithms.
The programming time for 128 bytes. (Indicates the total time for which the P
memory control register 1 (FLMCR1) is set. The program-verify time is not in
The time required to erase one block. (Indicates the time for which the E bit i
memory control register 1 (FLMCR1) is set. The erase-verify time is not inclu
Programming time maximum value (t, (max.)) = wait time after P bit setting (z
maximum programming count (N)
Set the maximum programming count (N) according to the actual set values ¢
and z3, so that it does not exceed the programming time maximum value (1, (
The wait time after P bit setting (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=200ps
Erase time maximum value (t, (max.)) = wait time after E bit setting (z) x max
erase count (N)
Set the maximum erase count (N) according to the actual set value of (z), so
does not exceed the erase time maximum value (t_ (max.)).
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SCL, SDA input spike pulse t — — 50 ns
removal time

SDA input bus-free time toue 1200 — — ns
Start condition input hold time 600 — — ns
Retransmit start condition input  t 600 — — ns
setup time

Stop condition input setup time  t_, 600 — — ns
Data input setup time tsons 160 — — ns
Data input hold time [ 0 — — ns
SCL, SDA input fall time ty — — 300 ns
SDA input rise time t, — — 300 ns
Data output hold time to, 50 — — ns
SCL, SDA capacitive load C, 0 — 400 pF
Access time s 100 — 900 ns
Cycle time at writing* e — — 10 ms
Reset release time t — — 13 ms

RES

Note: * Cycle time at writing is a time from the stop condition to write completion (inter
control).
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A

Reset detection voltage 1*' Vreset1 LVDSEL=0 — 2.3 27
Reset detection voltage 2** Vreset2 LVDSEL=1 3.0 3.6 4.2
Lower-limit voltage of LVDR V ormin 1.0 — —
operation*®
LVD stabilization time tuoon 50 — —
Current consumption in standby lsray LVDE =1, — — 350
mode Vec=5.0V,

When a 32-

kHz crystal

resonator is

not used

Notes: 1.

This voltage should be used when the falling and rising voltage detection fun

used.

Select the low-voltage reset 2 when only the low-voltage detection reset is us

When the power-supply voltage (Vcc) falls below V
may not occur. Therefore sufficient evaluation is required.

LVDRmin

= 1.0 V and then rise

RENESAS
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charge of the RES pin is removed completely. In order to remove charge of th
pin, it is recommended that the diode be placed in the Vcc side. If the power-s
voltage (Vcc) rises from the point over 100 mV, a power-on reset may not occi

21.3  Electrical Characteristics (Mask-ROM Version, EEPROM St
Mask-ROM Version)

21.3.1 Power Supply Voltage and Operating Ranges

Power Supply Voltage and Oscillation Frequency Range

dosc (MHz) ow (kHz)
200 --f---------
32.768 |---- - ]
10.0 --1-- ! j j '
20 --|--b—— o |
2.7 4.0 55 Ve (V) 2.7 4.0 55 Vg
e AVgc=3.0t05.5V ¢ AVgc=3.0t05.5V
¢ Active mode * All operating modes

¢ Sleep mode
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o (kHz)
2500

1250

78.125

WG T YV IV S W
¢ Active mode
¢ Sleep mode

(When MA2 in SYSCR2 = 0)

2.7 4.0

° AVCC =3.0to55V
* Active mode
¢ Sleep mode

55 Vo (v)

(When MA2 in SYSCR2 = 1)

o I'\VCC — V.V UV J.JV
¢ Subactive mode
¢ Subsleep mode

RENESAS
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®* Vec=«./7100.0V
¢ Active mode
¢ Sleep mode

Range of Power Supply Voltage and Oscillation Frequency when Low-Voltage Dete
Circuit isUsed

oosc (MHz)
o0 Y R
16.0
2.0
Vee(V)
3.0 45 5.5

[ Operation guarantee range
[ Operation guarantee range except
A/D conversion accuracy
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TMCIV, FTCI,

Vi x 0.9 Vo + 0.3

FTIOA to FTIOD,

SCK3, TRGV

RXD, SCL, SDA, V., =4.0t055V V x0.7 Ve +03 V

P10 to P12,

P14 to P17,

P20 to P22,

P50 to P57, V% 0.8 Vo, +0.3

P74 to P76,

P80 to P87

PBO to PB7 Vi=40t055V V, x07 AV, +03 V
V. x0.8 AV, +0.3

OSC1 Vi=40t055V V, -05 Ve +03 V
Vo —0.3 Vo +0.3

Input low V. RES, NMI, Voc=4.0t055V -0.3 Veex02  V
voltage WKPO to WKP5,

IRQO to IRQS,

ADTRG,TMRIV,

TMCIV, FTCI, -0.3 V% 0.1

FTIOA to FTIOD,

SCK3, TRGV

RXD, SCL, SDA, V. ,=4.0t055V -0.3 Vx03 V

P10 to P12,

P14 to P17,

P20 to P22,

P50 to P57, -0.3 Vo % 0.2

P74 to P76,

P80 to P87,

PBO to PB7

OSsC1 V,,=4.0t055V -0.3 0.5 \
-0.3 0.3
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o T M- P IEIY

Output Vo P10 to P12, Vi=40t055V 0.6 \
low P14 to P17, I =1.6mA
voltage P20 to P22, o
P50 to P57, l,,=0.4 mA 0.4
P74 to P76
P80 to P87 Vi=40t055V 1.5 \
lo, =20.0 mA
Vi=40t055V 1.0
lo, = 10.0 mA
V,,=4.0t05.5V 0.4
lo,,=1.6mA
lo, = 0.4 mA 0.4
SCL, SDA V,,=4.0t05.5V 0.6 \
l,,=6.0mA
lo, =3.0mA 0.4
Input/ [ 1] OSC1, NMI, V,=05Vto 1.0 uA
output WKPO to WKP5, (V. —-0.5V)
leakage IRQO to IRQ3,
current ADTRG, TRGV,
TMRIV, TMCIV,
FTCI, FTIOA to
FTIOD, RXD,
SCKS3, SCL, SDA
P10to P12, V, =0.5Vto 1.0 pA
P14 to P17, (Ve —0.5V)
P20 to P22,
P50 to P57,
P74 to P76,
P80 to P87
PBO to PB7 V,=05Vto 1.0 pA
(AV,,—-0.5V)
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nmouc

Ve =9V VY,

current fosc = 20 MHz
consump- Active mode 1 80 — *
tion V, =30V, R
fosc = 10 MHz Ve
lopes Ve Active mode 2 20 3.0 mA ¥
Ve =5.0V,
fose = 20 MHz
Active mode 2 1.2 — *
V=30V, R
fosc = 10 MHz \&
Sleep | Ve Sleep mode 1 10.0 175 mA *
mode Vee=5.0V,
current fosc = 20 MHz
consump- Sleep mode 1 55 — *
tion Ve =3.0V, R
fosc = 10 MHz Ve
. Ve Sleep mode 2 16 24 mA ¥
Vee=5.0V,
fosc =20 MHz
Sleep mode 2 08 — *
Ve=3.0V, R
fosc = 10 MHz \&
Subactive g, Ve Vee=3.0V 40.0 70.0 pA *
mode 32-kHz crystal
current resonator
consump- (9gus = 04/2)
tion Vee=3.0V 300 — .
32-kHz crystal Re
resonator Ve

(Psys = 0n/8)

RENESAS
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RAMGala  Vvg.y Vee - - v

retaining

voltage

Note: * Pin states during current consumption measurement are given below (excludir
in the pull-up MOS transistors and output buffers).

Mode RES Pin Internal State Other Pins Oscillator Pin

Active mode 1 Ve Operates Ve Main clock:
ceramic or cry
resonator

Active mode 2 Operates Subclock:

(9OSC/64) Pin X1 =V

Sleep mode 1 Ve Only timers operate Vee

Sleep mode 2 Only timers operate

(9OSC/64)

Subactive mode Ve Operates Veo Main clock:
ceramic or cry
resonator

Subsleep mode Ve Only timers operate Ve Subclock:
crystal resona

Standby mode Ve CPU and timers Ve Main clock:

both stop ceramic or cry
resonator
Subclock:
Pin X1 =V
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Note: * The current consumption of the EEPROM chip is shown.
For the current consumption of H8/3694N, add the above current values to th
consumption of H8/3694.
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Output pins except port 0.5
8, SCL, and SDA
Allowable output low Xl Output pins except port V ,=4.0t0 5.5V 40.0
current (total) 8, SCL, and SDA
Port 8, 80.0
SCL, and SDA
QOutput pins except port 20.0
8, SCL, and SDA
Port 8, 40.0
SCL, and SDA
Allowable output high  [-I,,,|  All output pins V,=40t055V 2.0
current (per pin) 02
Allowable output high  [-XI,,,| All output pins V,,=40t055V 30.0
current (total) 8.0
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cy;cle time

oV

— — 128 ps
Subclock oscillation f,, X1, X2 — 32.768 — kHz
frequency
Watch clock (¢,,) ty X1, X2 — 305 — us
cycle time
Subclock (¢, ) tubeye 2 —_ 8 ty
cycle time
Instruction cycle 2 - - ey
time tosbeye
Oscillation t. 0OSC1, — — 10.0 ms
stabilization time 0SscC2
(crystal resonator)
Oscillation t, 0OSCH1, — — 5.0 ms
stabilization time 0SC2
(ceramic resonator)
Oscillation ox X1, X2 — — 2.0 S
stabilization time
External clock tepn OSCH1 Vic=4.0t055V 200 — — ns
high width 40.0 — —
External clock tept OSC1 V,=4.0t055V 200 — — ns
low width 400 — —
External clock [ OSCH1 Vie=4.0t055V — — 10.0 ns
rise time — — 15.0
External clock topr OSC1 V,=4.0t055V — — 10.0 ns
fall time — — 15.0
RES pin low toe RES At power-on and in t — — ms |
width modes other than
those below
In active mode and 200 — — ns
sleep mode
operation
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F110D

Input pin low
width

t|L

NMI,
TRQO to
TRQ3,
WKPO to
WKP5,
TMCIV,
TMRIV,
TRGV,
ADTRG,
FTCI,
FTIOA to
FTIOD

cye

subcyc

Notes: 1 When an external clock is input, the minimum system clock oscillation frequen

1.0 MHz.

2. Determined by MA2, MA1, MAO, SA1, and SAO of system control register 2 (S
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SCL and SDA input  tg, — — L1 ns
spike pulse removal

time
SDA input bus-free  t, 5t,, — — ns
time
Start condition input  t_, 3t — — ns
hold time
Retransmission start  tg,¢ 3t — — ns
condition input setup
time
Setup time for stop  t 3t,, — — ns
condition input
Data-input setup time t ¢ 1t +20 — — ns
Data-input hold time  t,, 0 — — ns
Capacitive load of C, 0 — 400 pF
SCL and SDA
SCL and SDA output Voo =4.0t0 — — 250 ns
fall time 55V

— — 300
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Transmit data delay  t
time (clocked
synchronous)

TXD

TXD

V,=40t055V

cyc

Receive data setup t
time (clocked
synchronous)

RXS

RXD

Vg =4.0105.5V

50.0

100.0

ns

Receive data hold t
time (clocked
synchronous)

RXH

RXD

V,=40t055V

50.0

100.0

ns

Fi
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Analog power supply Al AV AV, =50V — — 2.0 mA
current i
osc —
20 MHz
Alsmpw Avcc - 50 - HA
AISTOP2 AVcc - - 5.0 pA
Analog input Con ANO to — — 30.0 pF
capacitance AN7
Allowable signal Ran ANO to — — 5.0 kQ
source impedance AN7
Resolution (data 10 10 10 bit
length)
Conversion time AV, =3.0to 134 — — oye
(single mode) 55V
Nonlinearity error — — +7.5 LSB
Offset error — — +7.5 LSB
Full-scale error — — +7.5 LSB
Quantization error — — +0.5 LSB
Absolute accuracy — — +8.0 LSB
Conversion time AV, =4.0to 70 — — tye
(single mode) 55V
Nonlinearity error —_ — +7.5 LSB
Offset error — — +7.5 LSB
Full-scale error — — +7.5 LSB
Quantization error — — +0.5 LSB
Absolute accuracy — — +8.0 LSB
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c. Al

3' AISTOPZ
A/D converter is idle.

STOP1

21.35 Watchdog Timer Characteristics

Table21.17 Watchdog Timer Characteristics

IS the current In active and sleep modes while the A/D converter Is idle.
is the current at reset and in standby, subactive, and subsleep modes w

V,=27t055V,V_=00V, T,=-20t0+75°C, unless otherwise indicated.

Applicable Test Values R
Item Symbol Pins Condition Min Typ Max  Unit Fi
On-chip tove 0.2 0.4 — s *
oscillator
overflow
time
Note: * Shows the time to count from 0 to 255, at which point an internal reset is gene

when the internal oscillator is selected.
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O UL INPUt 1I0W pPUIse Wildln Lscl 12UV — -

SCL, SDA input spike pulse t, — — 50 ns
removal time

SDA input bus-free time toue 1200 — — ns
Start condition input hold time  t_,, 600 — — ns
Retransmit start condition input  t 600 — — ns
setup time

Stop condition input setup time  t_, . 600 — — ns
Data input setup time tsons 160 — — ns
Data input hold time [ 0 — — ns
SCL, SDA input fall time t,, — — 300 ns
SDA input rise time t, — — 300 ns
Data output hold time to, 50 — — ns
SCL, SDA capacitive load C, 0 — 400 pF
Access time s 100 — 900 ns
Cycle time at writing* e — — 10 ms
Reset release time t — — 13 ms

RES

Note: * Cycle time at writing is a time from the stop condition to write completion (inte

control).

RENESAS
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voltage

Reset detection voltage 1*' Vreset1 LVDSEL=0 — 2.3 27
Reset detection voltage 2** Vreset2 LVDSEL=1 3.0 3.6 4.2
Lower-limit voltage of LVDR V ormin 1.0 — —
operation*®
LVD stabilization time tuoon 50 — —
Current consumption in standby lsray LVDE =1, — — 350
mode Vec=5.0V,

When a 32-

kHz crystal

resonator is

not used
Notes: 1. This voltage should be used when the falling and rising voltage detection funct

used.

2. Select the low-voltage reset 2 when only the low-voltage detection reset is use

3. When the power-supply voltage (Vcc) falls below V. .= 1.0 V and then rises
may not occur. Therefore sufficient evaluation is required.
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charge of the RES pin is removed completely. In order to remove charge of it
pin, it is recommended that the diode be placed in the Vcc side. If the power-
voltage (Vcc) rises from the point over 100 mV, a power-on reset may not oc

21.4  Operation Timing

tosc

0OSC1 X
Vi

tepH tepL

tepr T tept

Figure21.1 System Clock Input Timing
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Figure21.2 RES Low Width Timing

NMI
IRQO to IRQ3 ViH
WKPO to WKP5

FTIOA to FTIOD
TMCIV, TMRIV t tiy
TRGV I 1T 1

= F
\

tscLn

Ao ]
@
]
Y OooTTTCYTT
@
B
I

SCL

—

tscLL

o tsa _

tSDAH

Note: * S, P, and Sr represent the following:
S: Start condition
P: Stop condition
Sr: Retransmission start condition

Figure21.4 |1°C BusInterface Input/Output Timing
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tScyc

Vi or Vo'
SCK3 V||_ or VO|_ *

ttxp

TXD Vou
(transmit data) VoL

trxs

()

RXD
(receive data)

Note: * Output timing reference levels
Output high: Vou=20V
Output low: V=08V
Load conditions are shown in figure 21.8.

Figure21.6 SCI

Input/Output Timing in Clocked Synchronous M ode
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o [N N\

Figure21.7 EEPROM BusTiming

21.5 Output Load Condition

Vee

2.4kQ

LS| output pin @ l ! H

30 pF 12kQ

Figure21.8 Output Load Circuit
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General destination register (address register or 32-bit register)

ERd

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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VIV V.D o, nu =4 Moo —~ NMuo Vv | |V
MOV.B @ERs, Rd B @ERs — Rd8 TIT]o
MOV.B @(d:16, ERs), Rd | B @(d:16, ERs) — Rd8 TIT]o
MOV.B @(d:24, ERs), Rd | B @(d:24, ERs) — Rd8 TIT]o
MOV.B @ERs+, Rd B @ERs — Rd8 TiT|o
ERs32+1 — ERs32
MOV.B @aa:8, Rd B @aa:8 — Rd8 ORRONNC]
MOV.B @aa:16, Rd B @aa:16 — Rd8 TiT|o
MOV.B @aa:24, Rd B @aa:24 — Rd8 TIT]o
MOV.B Rs, @ERd B Rs8 — @ERd TIT]o
MOV.B Rs, @(d:16, ERd) | B Rs8 — @(d:16, ERd) TIT]o
MOV.B Rs, @(d:24, ERd) | B Rs8 — @(d:24, ERd) TIT]|o
MOV.B Rs, @-ERd B ERd32-1 — ERd32 TIT]o
Rs8 — @ERd
MOV.B Rs, @aa:8 B Rs8 — @aa:8 Ti1T]o0
MOV.B Rs, @aa:16 B Rs8 — @aa:16 ORRONNC]
MOV.B Rs, @aa:24 B Rs8 —» @aa:24 T1T1]o0
MOV.W #xx:16, Rd W #xx:16 — Rd16 T1T1]o0
MOV.W Rs, Rd w Rs16 — Rd16 TIT]o
MOV.W @ERs, Rd w @ERs — Rd16 TIT]o
MOV.W @(d:16, ERs), Rd | W @(d:16, ERs) — Rd16 TiT]o
MOV.W @(d:24, ERs), Rd | W @(d:24, ERs) — Rd16 TIT]o
MOV.W @ERs+, Rd w @ERs — Rd16 TIT]o
ERs32+2 — @ERd32
MOV.W @aa:16, Rd w @aa:16 — Rd16 ORRONNC]
MOV.W @aa:24, Rd w @aa:24 — Rd16 T1T|o
MOV.W Rs, @ERd w Rs16 — @ERd TiT1]o
MOV.W Rs, @(d:16, ERd) | W Rs16 — @(d:16, ERd) TiT]o
MOV.W Rs, @(d:24, ERd) | W Rs16 — @(d:24, ERd) TIT]o
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this LSI

MOV.L @ERs, ERd L @ERs — ERd32 —|—|T|T]o0
MOV.L @(d:16, ERs), ERd | L @(d:16,ERs) > ERd32 |—|—|T [T |0
MOV.L @(d:24, ERs), ERd | L 10 @(d:24,ERs) > ERd32 |—|—|T [T |0
MOV.L @ERs+, ERd L @ERs — ERd32 —|—|T]T o0
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|T |0
MOV.L ERs, @ERd L ERs32 - @ERd —|—|T|T |0
MOV.L ERs, @(d:16, ERd) | L ERs32 — @(d:16,ERd) |—|—|T |T |0
MOV.L ERs, @(d:24, ERd) | L 10 ERs32 » @(d:24,ERd) |—|—|T |T |0
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 —|— T|o
POP |POP.W Rn w @SP — Rn16 —|—|T|T |0
SP+2 — SP
POP.L ERn L @SP — ERn32 —|—|T|T |0
SP+4 — SP
PUSH |PUSH.W Rn w SP-2 — SP —|—=|T|T |0
Rn16 —» @SP
PUSH.L ERn L SP—4 — SP —|—|T|T o0
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
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ADD.VW RS, ha W z RA10+RsS10 — NAl10 LSLD A2 N A

ADD.L #xx:32, ERd L ERd32+#xx:32 — @/T12]2
ERd32

ADD.L ERs, ERd L 2 ERd32+ERs32 — @122
ERd32

ADDX |ADDX.B #xx:8, Rd B Rd8-+#xx:8 +C — Rd8 1717

ADDX.B Rs, Rd B 2 Rd8+Rs8 +C — Rd8 T{T1@)|°T

ADDS |ADDS.L #1, ERd L 2 ERd32+1 — ERd32 —|—|—]—

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|21]2

INC.W #1, Rd w 2 Rd16+1 — Rd16 —(T|T]2

INC.W #2, Rd w 2 Rd16+2 — Rd16 —(T|T2

INC.L #1, ERd L 2 ERd32+1 — ERd32 —(T|T]2

INC.L #2, ERd L 2 ERd32+2 — ERd32 —(T|T2

DAA |DAA Rd B 2 Rd8 decimal adjust R ROR RON I
— Rd8

SUB |SUB.BRs, Rd B 2 Rd8-Rs8 — Rd8 TIT1T2

SUB.W #xx:16, Rd W Rd16—#xx:16 — Rd16 MHITITIT

SUB.W Rs, Rd w 2 Rd16-Rs16 — Rd16 MmITIT|2

SUB.L #xx:32, ERd L ERd32—#xx:32 — ERd32 @122

SUB.L ERs, ERd L 2 ERd32-ERs32 — ERd32 @122

SUBX |SUBX.B #xx:8, Rd B Rd8-#xx:8-C — Rd8 T{T1@®)|°T

SUBX.B Rs, Rd B 2 Rd8-Rs8-C — Rd8 T(T1(0)|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 —|—|—]—

DEC |DEC.BRd B 2 Rd8-1 — Rd8 —12(2|2

DEC.W #1, Rd w 2 Rd16-1 — Rd16 —[21T|¢

DEC.W #2, Rd w 2 Rd16-2 — Rd16 —[T|21]2
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Rd16 x Rs16 — ERd32

MULXU. W Rs, ERd W — ===
(unsigned multiplication)
MULXS [MULXS. B Rs, Rd B Rd8 x Rs8 — Rd16 —|T|T|—
(signed multiplication)
MULXS. W Rs, ERd w Rd16 x Rs16 — ERd32 —121|7|—=
(signed muiltiplication)
DIVXU |DIVXU. B Rs, Rd B Rd16 + Rs8 — Rd16 —|(6)[(7)|—
(RdH: remainder,
RdL: quotient)
(unsigned division)
DIVXU. W Rs, ERd W ERd32 + Rs16 — ERd32 —1(6)|(7)| —
(Ed: remainder,
Rd: quotient)
(unsigned division)
DIVXS |DIVXS. B Rs, Rd B Rd16 + Rs8 — Rd16 —|(8)[(7)|—
(RdH: remainder,
RdL: quotient)
(signed division)
DIVXS. W Rs, ERd w ERd32 + Rs16 — ERd32 —|(8)[(7)|—
(Ed: remainder,
Rd: quotient)
(signed division)

CMP |CMP.B #xx:8, Rd B Rd8-#xx:8 T1T2121¢
CMP.B Rs, Rd B Rd8-Rs8 11212
CMP.W #xx:16, Rd w Rd16-#xx:16 MT|TIT
CMP.W Rs, Rd w Rd16-Rs16 MT|TIT
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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of ERd32)

EXTS

<bits 31 to 16> of
ERd32)

EXTS.W Rd (<bit 7> of Rd16) — 710
(<bits 15 to 8> of Rd16)

EXTS.L ERd (<bit 15> of ERd32) — T10
(
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AND. VW RS, A W r4 RATOARSTO — NAT0 N BN Y/
AND.L #xx:32, ERd L ERd32#xx:32 — ERd32 T(T1o0
AND.L ERs, ERd L 4 ERd32AERs32 — ERd32 T{To
OR |OR.B #xx:8, Rd B Rd84#xx:8 — Rd8 T1T]o0
OR.B Rs, Rd B 2 Rd8Rs8 — Rd8 TiT|o
OR.W #xx:16, Rd w Rd164xx:16 — Rd16 T(T1o
OR.W Rs, Rd w 2 Rd16Rs16 — Rd16 T{To
OR.L #xx:32, ERd L ERd32/4xx:32 — ERd32 T{To
OR.L ERs, ERd L 4 ERd32ERs32 — ERd32 T{To
XOR |XOR.B #xx:8, Rd B Rd8@®#xx:8 — Rd8 T(T1o
XOR.B Rs, Rd B 2 Rd8®Rs8 — Rd8 T{To
XOR.W #xx:16, Rd w Rd16®#xx:16 — Rd16 T(T1o
XOR.W Rs, Rd w 2 Rd16®Rs16 — Rd16 T(T1o
XOR.L #xx:32, ERd L ERd32®#xx:32 — ERd32 T(T1o
XOR.L ERs, ERd L 4 ERdA32®ERs32 — ERd32 T{To
NOT |[NOT.B Rd B 2 - Rd8 — Rd8 TiT|o
NOT.W Rd w 2 - Rd16 — Rd16 T{To
NOT.L ERd L 2 - Rd32 — Rd32 T{To
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SHAR |[SHAR.B Rd B z —|—Jd ||V
SHAR.W Rd w| |2 l_ D N
SHAR.L ERd L 2 MsB LsB —|=Izlz]o0

SHLL |SHLL.B Rd B| |2 I
SHLLW Rd wl |2 0__33 0
SHLL.L ERd L 2 MSB LB |—|—|z[t]o

SHLR |SHLR.B Rd B| |2 B
SHLR.W Rd wl |2 o S I
SHLR.L ERd Ll |2 MSB tsB [ [—Ttlt o

ROTXL |ROTXL.B Rd B| |2 Y B I
ROTXL.W Rd w| |2 ||. N B R I
ROTXL.L ERd L| |2 MSB tsB [—|—[zlz 0

ROTXR |ROTXR.B Rd B| |2 I
ROTXR.W Rd w| |2 .|| ) B S P
ROTXR.L ERd L] |2 MSB —= LSB B S P

ROTL |ROTL.B Rd B| |2 B N
ROTL.W Rd w| |2 . B
ROTL.L ERd L| |2 MsB~——LSB [ _[7 10

ROTR |ROTR.B Rd B| |2 I
ROTR.W Rd w| |2 I —I=]zT270
ROTR.L ERd L| |2 MSB—~LSB [ |_[7 /7o

RENESAS
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bskeEl RN, A

(RANS O RAY) < 1

BSET Rn, @ERd

Rn8 of @ERd) « 1

BSET Rn, @aa:8

Rn8 of @aa:8) « 1

BCLR

BCLR #xx:3, Rd

#xx:3 of Rd8) «— 0

BCLR #xx:3, @ERd

#xx:3 of @ERd) «— 0

BCLR #xx:3, @aa:8

BCLR Rn, Rd

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

U W 0 W W0 W oW

(
(
(
(
(#xx:3 of @aa:8) «— 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

-

BTST Rn, Rd

- (Rn8 of @Rd8) — Z

BTST Rn, @ERd

(
(
(
(#xx:3 of @aa:8) » Z
(
(

- (Rn8 of @ERd) —» Z

BTST Rn, @aa:8

- (Rn8 of @aa:8) » Z

iR d R R Rl Kl

BLD

BLD #xx:3, Rd

U W 0 W W ww

(#xx:3 of Rd8) —» C
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(

DA S

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

CA(#xx:3 of @ERd24) — C

BAND #xx:3, @aa:8

CA(#xx:3 of @aa:8) —» C

BIAND

BIAND #xx:3, Rd

CA - (#xx:3 of Rd8) —» C

BIAND #xx:3, @ERd

Ca - (#xx:3 of @ERd24) —» C

BIAND #xx:3, @aa:8

Ca - (#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

C®(#xx:3 of Rd8) —» C

BXOR #xx:3, @ERd

Co#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 @ERd24) — C

BIXOR #xx:3, @aa:8

e ieeles vl RviNec Ruv i evi vel vvilioe R v el it v RN v el v i oe B R e N R ov B v B R o v R o e i R v ol R v )

C® - (#xx:3 of @aa:8) » C
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bhRiN a: 1o (br a.10) — a4

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 C=1
BCS d:16 (BLO d:16) — 4

BNE d:8 — 2 Z=0
BNE d:16 — 4

BEQ d:8 — 2 Z=1
BEQ d: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 N®V = 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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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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RIE |[RAIE —_— Lln < @or+ L d b d
PC «— @SP+
SLEEP |SLEEP — Transition to power- — ===
down state
LDC |LDC #xx:8, CCR B #xx:8 — CCR OREOREONRORE
LDC Rs, CCR B Rs8 — CCR TIT|T|T|T
LDC @ERs, CCR w @ERs — CCR T|T|T|T|T
LDC @(d:16, ERs), CCR |W 6 @(d:16, ERs) — CCR Tzt
LDC @(d:24, ERs), CCR |W 10 @(d:24, ERs) — CCR Tzt
LDC @ERs+, CCR W @ERs — CCR
ERs32+2 — ERs32 T e
LDC @aa:16, CCR w @aa:16 — CCR OREOREONRORE
LDC @aa:24, CCR w @aa:24 — CCR OREOREONROR R
STC |STC CCR, Rd B CCR — Rd8 —|—|—|—|—
STC CCR, @ERd W CCR — @ERd —|—|—|—|—
STC CCR, @(d:16, ERd) |W 6 CCR - @(d:16, ERd) |—|—|—|—|—
STC CCR, @(d:24, ERd) |W 10 CCR— @(d:24, ERd) |—|—|—|—|—
STC CCR, @-ERd W ERd32-2 — ERd32 —|—|—|—|—
CCR — @ERd
STC CCR, @aa:16 w CCR — @aa:16 —|—|—|—]—
STC CCR, @aa:24 w CCR — @aa:24 —|—|—|—]—
ANDC |ANDC #xx:8, CCR B CCRAa#xx:8 — CCR 12121212
ORC |ORC #xx:8, CCR B CCRv#xx:8 — CCR ORRORBONBOR R
XORC | XORC #xx:8, CCR B CCR@®#xx:8 — CCR TIT|T|T|T
NOP |NOP — PC « PC+2 —|—|—|—|—
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R4L-1 — R4L

until R4L=0

else next

EEPMOV. W — 4 |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.
(2) Setto 1 when a carry or borrow occurs at bit 27; otherwise cleared to 0.
(3) 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
(5)

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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d0

ls1d

d7104d 1ONg
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diAr

(@

cvalqel

vdvdl

314

dsd

Sid

NXAIQ

NXINN | NXAIQ

NXINN

194

INg

dg

SAd

oAd
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aNd

sod

004

sg

IHg Ndd

vdd
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(@
2-V 8|lqel

(@
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anvy HOX HO ans dND aav AOW 6L
ng 1dg SAg oAg o3g ang s09 004 s HE NHg vdg 89
sva Elt
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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 statesrequired 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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ADDS

ADDS #1/2/4, ERd

ADDX

ADDX #xx:8, Rd
ADDX Rs, Rd

AND

AND.B #xx:8, Rd
AND.B Rs, Rd
AND.W #xx:16, Rd
AND.W Rs, Rd
AND.L #xx:32, ERd
AND.L ERs, ERd

N W =

ANDC

ANDC #xx:8, CCR

e

BAND

BAND #xx:3, Rd
BAND #xx:3, @ERd
BAND #xx:3, @aa:8

-y

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

L T o T o S S A S R S N\ \° 2 I \ I o}

RENESAS
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BCC d:16(BHS d:16)
BCS d:16(BLO d:16)
BNE d:16
BEQ d:16
BVC d:16
BVS d:16
BPL d:16
BMI d:16
BGE d:16
BLT d:16
BGT d:16
BLE d:16

NN DN NN NN NN

BCLR

BCLR #xx:3, Rd
BCLR #xx:3, @ERd
BCLR #xx:3, @aa:8
BCLR Rn, Rd
BCLR Rn, @ERd
BCLR Rn, @aa:8

BIAND

BIAND #xx:3, Rd
BIAND #xx:3, @ERd
BIAND #xx:3, @aa:8

BILD

BILD #xx:3, Rd
BILD #xx:3, @ERd
BILD #xx:3, @aa:8
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AT TTAAN,y, T =l T4

BIXOR #xx:3, @aa:8

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

- NN =

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

NN =

e

BSR

BSR d:8
BSR d:16

N N[N

BST

BST #xx:3, Rd
BST #xx:3, @ERd
BST #xx:3, @aa:8

RENESAS

Rev.5.00 Nov. 02,2005 Pag
REJOS



BXOR #xx:3, @ERd
BXOR #xx:3, @aa:8

CMP

CMP.B #xx:8, Rd
CMP.B Rs, Rd
CMP.W #xx:16, Rd
CMP.W Rs, Rd
CMP.L #xx:32, ERd

CMP.L ERs, ERd

DAA

DAA Rd

DAS

DAS Rd

DEC

DEC.B Rd
DEC.W #1/2, Rd
DEC.L #1/2, ERd

DUVXS

DIVXS.B Rs, Rd
DIVXS.W Rs, ERd

DIVXU

DIVXU.B Rs, Rd
DIVXU.W Rs, ERd

EEPMOV

EEPMOV.B
EEPMOV.W

2n+2+!

2n+2*!

EXTS

EXTS.W Rd
EXTS.L ERd

EXTU

EXTU.W Rd
EXTU.L ERd
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JSR @aa:24
JSR @ @aa:8

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

- n N

-y

w N

RENESAS
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MOV.W @aa:16, Rd 2
MOV.W @aa:24, Rd 3
MOV.W Rs, @ERd 1
MOV.W Rs, @(d:16,ERd)
MOV.W Rs, @(d:24,ERd)

AN

MOV MOV.W Rs, @-ERd
MOV.W Rs, @aa:16
MOV.W Rs, @aa:24

e

w w N

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

-y

L S O R S S A L \° I \C I v}

MOVFPE  MOVFPE @aa:16, Rd**

NN WO N O W N WOND O W DN

MOVTPE  MOVTPE Rs,@aa:16**
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NOP

NOP

NOT

NOT.B Rd
NOT.W Rd
NOT.L ERd

OR

OR.B #xx:8, Rd
OR.B Rs, Rd
OR.W #xx:16, Rd
OR.W Rs, Rd
OR.L #xx:32, ERd
OR.L ERs, ERd

ORC

ORC #xx:8, CCR

POP

POP.W Rn
POP.L ERn

PUSH

PUSH.W Rn
PUSH.L ERn

ROTL

ROTL.B Rd
ROTL.W Rd
ROTL.L ERd

ROTR

ROTR.B Rd
ROTR.W Rd
ROTR.L ERd

ROTXL

ROTXL.B Rd
ROTXL.W Rd
ROTXL.L ERd

RENESAS
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SHAL.L ERd 1

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
SuUB 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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XOR.L #xx:32, ERd 3
XOR.L ERs, ERd 2

XORC XORC #xx:8, CCR 1

Notes: 1. n: Specified value in R4L. The source and destination operands are accesse
times respectively.

2. It can not be used in this LSI.
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NIUVIEFLE,

MOVTPE
Arithmetic | ADD, CMP BWLBWL| — | — | — | — | — | — | — —
operations | gyB WL IBWL| — | — | — | — | — | — | — —

ADDX, SUBX B B|—|—|—|—|—|—|— —

ADDS, SUBS — L= == | =] === _

INC, DEC — BWL| — | — | — | — | — | — | — _

DAA, DAS — B |- == | =] === _

MULXU, —|BW| — | — | — | — | — | — | — _

MULXS,

DIVXU,

DIVXS

NEG — BWL| — | — | — | — | — | — | — —

EXTU, EXTS — WL — | — | — | — | — | — | — _
Logical AND,OR,XOR | — BWL| — | — | — | — | — | — | — —
operations  |NOT — BWL| — | — | — | — | — | — | — —
Shift operations — BWL| — | — | — | — | — | — | — _
Bit manipulations —_ B B — | — | = B | — _
Branching |BCC, BSR — - - == = | =] = _
instructions | yMp, JSR — | -1 =|=]l=]|=1=1]= —

RTS — |- =|=]=1=1=10 —
System TRAPA R U (NS [ [ U [ N - C
control RTE = = == =] = =] = C
instructions SLEEP S S O O O R O B .

LDC B B|W|W|W|W|—|W|W C

STC — | B W|W|W|W|—|W|W

ANDC, ORC, B|— | —|—|—]|—=|=]=|-= _

XORC

NOP e el el el C
Block data transfer instructions | — | — | — | — | — | — | — | — | — BV
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IRQ

TRGV

[Pur | [ >»— —
[For | —O— —
P+

(5? ZXTA

[Legend]

PUCR: Port pull-up control register
PMR: Port mode register

PDR: Port data register

PCR: Port control register

FigureB.1 Port 1 Block Diagram (P17)
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[Por 11

=

Nt

T
o)

[Legend]

PUCR: Port pull-up control register
PMR: Port mode register

PDR: Port data register

PCR: Port control register

FigureB.2 Port 1 Block Diagram (P16 to P14)
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V

[Legend]

PUCR: Port pull-up control register
PDR: Port data register

PCR: Port control register

FigureB.3 Port 1 Block Diagram (P12, P11)
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Timer A

TMOW

[Legend]

PUCR: Port pull-up control register
PMR: Port mode register

PDR: Port data register

PCR: Port control register

FigureB.4 Port 1 Block Diagram (P10)
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Por 1| [

SCI3 V

[Legend]

PMR: Port mode register
PDR: Port data register
PCR: Port control register

FigureB.5 Port 2 Block Diagram (P22)
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[Legend]
PDR: Port data register
PCR: Port control register

FigureB.6 Port 2 Block Diagram (P21)
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G

[Legend]
PDR: Port data register
PCR: Port control register

FigureB.7 Port 2 Block Diagram (P20)
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il

lic2
T / ~
g ICE 1
| SDAO/SCLO

SDAI/SCLI f_|4\ﬂ

[Legend]
PDR: Port data register
PCR: Port control register

FigureB.8 Port 5Block Diagram (P57, P56)*

Note: * Thisdiagramis applied to the SCL and SDA pinsin the H8/3694N.
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[Legend]

PUCR: Port pull-up control register
PMR: Port mode register

PDR: Port data register

PCR: Port control register

FigureB.9 Port 5 Block Diagram (P55)
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WKP T ‘

[Legend]

PUCR: Port pull-up control register
PMR: Port mode register

PDR: Port data register

PCR: Port control register

FigureB.10 Port 5 Block Diagram (P54 to P50)

Rev.5.00 Nov. 02, 2005 Page 394 of 418

REJ09B0028-0500 RENESAS



[Legend]
PDR: Port data register
PCR: Port control register

FigureB.11 Port 7 Block Diagram (P76)
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PCR

~
Timer V v
e € —
-------------------- [Legend]

PDR: Port data register
PCR: Port control register

FigureB.12 Port 7 Block Diagram (P75)
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Timer V

PCR

]

[Legend]
PDR: Port data register
PCR: Port control register

Figure B.13 Port 7 Block Diagram (P74)
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[Legend]
PDR: Port data register
PCR: Port control register

FigureB.14 Port 8 Block Diagram (P87 to P85)
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PCR 1

~
FTIOA
FTIOB e
FTIOC
I FTIOD
%&
[Legend]

PDR: Port data register
PCR: Port control register

FigureB.15 Port 8 Block Diagram (P84 to P81)

Rev.5.00 Nov. 02,2005 Pag
RENESAS REJOS



PCR

Timer W \/

FTCI (T |

[Legend]
PDR: Port data register
PCR: Port control register

FigureB.16 Port 8 Block Diagram (P80)

Rev.5.00 Nov. 02, 2005 Page 400 of 418

REJ09B0028-0500 RENESAS



I>E°<|—< DEC
™

V

FigureB.17 Port B Block Diagram (PB7 to PBO)

B.2 Port Statesin Each Operating State

Port Reset Sleep Subsleep Standby Subactive  Ac

P17 to P14, High Retained Retained High Functioning Fu

P12to P10  impedance impedance*'

P22to P20  High Retained Retained High Functioning Fu
impedance impedance

P57 to P50** High Retained Retained High Functioning Fu
impedance impedance*'

P76 to P74  High Retained Retained High Functioning Fu
impedance impedance

P87 to P80 High Retained Retained High Functioning Fu
impedance impedance

PB7 to PBO  High High High High High Hi
impedance impedance impedance impedance impedance im

Notes: 1. High level output when the pull-up MOS is in on state.
2. The P55 to P50 pins are applied to the H8/3694N.

RENESAS
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FUR & LVUU

HD64F3694GFP HDB4F3694GFP LQFP-64 (
HD64F3694GFX HDB4F3694GFX LQFP-48 (
HD64F3694GFY HD64F3694GFY LQFP-48 (
HD64F3694GFT HDB4F3694GFT QFN-48(T|
Mask ROM Standard HD6433694H HD6433694(***)H QFP-64 (F
version product HD6433694FP  HD6433694(***)FP  LQFP-64 (
HD6433694FX  HD6433694(***)FX  LQFP-48 (
HD6433694FY  HD6433694(***)FY  LQFP-48 (
HD6433694FT  HD6433694(***)FT  QFN-48(T|
Product with ~ HD6433694GH  HD6433694G(***)H QFP-64 (F
POR&LVDC "\ n6433694GFP HD6433694G(***)FP LQFP-64
HD6433694GFX HD6433694G(***)FX LQFP-48 (
HD6433694GFY HD6433694G(***)FY LQFP-48 (
HD6433694GFT HD6433694G(***)FT QFN-48(T|
H8/3693 Mask ROM  Standard HD6433693H  HD6433693(***)H  QFP-64 (F
version product HD6433693FP  HD6433693(***)FP  LQFP-64 (
HD6433693FX  HD6433693(***)FX  LQFP-48 (
HD6433693FY  HD6433693(***)FY  LQFP-48 (
HD6433693FT  HD6433693(***)FT  QFN-48(T!
Product with ~ HD6433693GH  HD6433693G(***)H QFP-64 (F
POR&LVDC "\n6433693GFP HD6433693G(***)FP LQFP-64
HD6433693GFX HD6433693G(***)FX LQFP-48 (
HD6433693GFY HD6433693G(***)FY LQFP-48 (
HD6433693GFT HD6433693G(***)FT QFN-48(T!
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HD6433692GFY

HD6433692G(***)FY

LQFP-

HD6433692GFT

HD6433692G(***)FT

QFN-4¢

H8/3691 Mask ROM
version

Standard
product

HD6433691H

HDB6433691(***)H

QFP-6

HD6433691FP

HD6433691(***)FP

LQFP-¢

HD6433691FX

HDB433691(***)FX

LQFP-

HD6433691FY

HDB433691(***)FY

LQFP-

HD6433691FT

HDB433691(***)FT

QFN-4

Product with
POR & LVDC

HD6433691GH

HDB6433691G(***)H

QFP-6

HD6433691GFP

HD6433691G(***)FP

LQFP-¢

HD6433691GFX

HDB6433691G(***)FX

LQFP-

HD6433691GFY

HD6433691G(***)FY

LQFP-

HD6433691GFT

HDB433691G(***)FT

QFN-4

H8/3690 Mask ROM
version

Standard
product

HD6433690H

HD6433690(***)H

QFP-6:

HD6433690FP

HDB433690(***)FP

LQFP-¢

HD6433690FX

HDB433690(***)FX

LQFP-

HD6433690FY

HDB6433690(***)FY

LQFP-

HDG6433690FT

HDB433690(***)FT

QFN-4

Product with
POR & LVDC

HD6433690GH

HD6433690G(***)H

QFP-6:

HD6433690GFP

HDB433690G(***)FP

LQFP-¢

HD6433690GFX

HDB433690G(***)FX

LQFP-

HD6433690GFY

HD6433690G(***)FY

LQFP-

HD6433690GFT

HDB433690G(***)FT

QFN-4

RENESAS
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MASS[Typ.]
1.29

Previous Code
FP-64A/FP-64AV
w

[ RENESAS Code
| PRQP0064GB-A |
3

RARAAAARAARAARAR

Zo

iLGEEGEEGEGEEGGL

48

SR ]| ELBELREL Rk

JEITA Package Code
P-QFP64-14x14-0.80

N
1
2
b
b.
Terminal cro:

RARAAAARARARARAR LZ?i\\>

Detail F
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aly]

FigureD.2 FP-64A Package Dimensions
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Previous Code
FP-48F/FP-48FV/
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FigureD.3 FP-48F Package Dimensions
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Detail F
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FigureD.5 TNP-48 Package Dimensions
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available to the user.

5. When the E7 or E8 is used, address breaks can t
either available to the user or for use by the E7 or
address breaks are set as being used by the E7 ¢
address break control registers must not be acce:

6. When the E7 or E8 is used, NMI is an input/outpu
(open-drain in output mode), P85 and P87 are ing
and P86 is an output pin.

Note has been deleted.

Section 1 Overview

Figure 1.1 Internal Block
Diagram of H8/3694
Group of F-ZTAT™

and Mask-ROM Versions,

Figure 1.2 Internal Block
Diagram of H8/3694N
(EEPROM Stacked
Version)

4,5

Timer V lic2

A/D
converter

POR/LVD
(optional)

\

Data bus (upper)

Address bus

AV

RENESAS
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Section 6 Power-Down 76 Bit Bit Name EDescription

Modes I R .
6.1.1 System Control 3 NESEL :Noise Elimination Sampling Frequen
Register 1 (SYSCR1) :Select

iThe subclock pulse generator gener:
iwatch clock signal (¢,) and the syste
ipulse generator generates the oscillc
iclock (¢¢.). This bit selects the samy
ifrequency of the oscillator clock whe
iwatch clock signal (¢,,) is sampled. V
100s; = 41020 MHz, clear NESEL to (

Section 8 RAM 107 Note: * When the E7 or ES8 is used, area H'F780 to H'
must not be accessed.

Section 13 Watchdog 184 i
Timer Bit  Bit Name ;Description

13.2.1 Timer . 4 TCSRWE ETimer Control/Status Register WD Write |
Control/Status Register i

WD (TCSRWD)
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the address set in SAR

15.7 Usage Notes 264

Added

Section 16 A/D Converter 268
16.3.1 A/D Data Registers
Ato D (ADDRA to

ADDRD)

Therefore byte access to ADDR should be done by re
upper byte first then the lower one. Word access is a
possible. ADDR is initialized to H'0000.

Section 18 Power-On 290
Reset and Low-Voltage
Detection Circuits

(Optional)

Figure 18.1 Block

Diagram of Power-On

Reset Circuit and Low-
Voltage Detection Circuit

Section 21 Electrical 318
Characteristics

Table 21.2 DC

Characteristics (1)

Applicable _
Item Symbol Pins Test Condition
Input high  V, PBOto PB7 VM, =4.0t055V
voltage
Inputlow vV, RXD,SCL, Ve =40t055V
voltage SDA,

P10 to P12,

P80 to P87

PBO to PB7
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el ~ylnivul rille rTeol LuUliuiuuvn

Input high  V, PBOto PB7 V,=4.0to55V \
voltage
\
Inputlow V. RXD, SCL, V,=4.0t055V -
voltage SDA
P10 to P12,
P80 to P87
PBO to PB7
340 Mode RES Pin Internal State
Active mode 1 Ve Operates
Active mode 2 Operates
(9OSC/64)
Sleep mode 1 Ve Only timers oper
Sleep mode 2 Only timers opel
(9OSC/64)
Figure 21.4 I°C Bus 352
Interface Input/Output
Timing
Appendix D Package 405 to Swapped with new ones.
Dimensions 409
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IMMEAIALe .....oovniiiiiiiii 50
Memory indir€ct .........cocveveeeeeeeeneeenen. 37
Program-counter relative ...................... 36
Register direct.........cooceevvevvecveieneenen. 35
Register indirect.........ccooceevvevveceeneennen. 35
Register indirect with displacement...... 35

Register indirect with post-increment... 35
Register indirect with pre-decrement.... 36

C

Clock pulse generators............ccceeeerveennenne 69
Prescaler S ......cccooevininininceeeee 73
Prescaler Wi.....occooeveninininiicececee 73
Subclock generator ...........cccceevvveviennnnne 72
System clock generator..............ccccn..... 70

Condition field........ccceeceevieienenicninineenee 33

Condition-code register (CCR)................. 19

CPU o 13

E

EEPROM......oootiiiieieieeee e 277
Acknowledge........ccoveeieiinienieiee 281
Acknowledge polling...........ccceeuennen. 284
Byte WIite ....oovveeiieiiiiiiieiiececee 283
Current address read ...........ccceeueeneene. 285
EEPROM interface.........cccceevueeueennenne. 280
Page WIite ....cooeveeiieiieecece 283

L1IICCUVO addlTss CALCHSION..........
Exception handling ......................
Reset exception handling .........
Trap instruction.............coeu.....

F

Flash memory .......cccccevvvevveennennen.
Boot mode........cceereieinnennnn
Boot program ..........ccoceeeueennnn.
Erase/erase-verify ....................
Erasing units .........ccccevuveeenee.
Error protection...........cc.eeu.e.....
Hardware protection.................
Power-down state.....................
Program/program-verify ..........
Programmer mode....................
Programming units...................
Programming/erasing in user
program mode.........cccccevueeneenne.
Software protection..................

G

General registers .........coveeveeennnen.
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InStruction Set ........ceceeveeveveevenenenenennene 24 PACKAZE ..o
Arithmetic operations instructions........ 26 Package dimensions.......................
Bit Manipulation instructions ............... 29 Pin arrangement..............cccoovvevenes
Block data transfer instructions............. 33 Power-down modes. ...
Branch instructions.........c.coccoeeceennencnn 31 Sleep MOde......nveeveeeeeeeeeeeeeane.
Data transfer instructions..........c..c........ 25 Standby mode ...........covvveeene.n..
Logic operations instructions................ 28 Subactive mode ..o
Shift InStructions..........ceeeevervecrennencnn 28 Subsleep Mode ..........o.evveee.n..
System control instructions................... 32 POWET-0N TESEL ..o

Internal power supply step- Power-on reset Circuit ....................

dOWN CITCUIL ....eeveceieiiiceeicecceicecne 299 Product code lineup .......................

Interrupt Program counter (PC) ..........coc......
Internal interrupts .......oceeveeveerieenennnnne 58
Interrupt response time ...........c.cceveeneeee. 60
IRQ3 to IRQO interrupts...........cccveeeee. 57 R
NMIiNterrupt.........oceevevvevevieeeeeeieenns 57 Register
WKP5 to WKPO interrupts ................... 57 ABRKCR .o 64, 304

Interrupt mask bit (I)....cccecceveevierieiee 19 ABRKSR oo 65, 304

ADCR ..ot 270,304
ADCSR....cocvvvrein 269, 304

L ADDRA .....oooororinns 268, 303

Large current ports.........ceeeeveeereeeneeneeneene. 2 ADDRB oo 268, 304

Low-voltage detection circuit................. 289 ADDRC ..o 268, 304

LVDI e 295 ADDRD ... 268, 304

LVDI (interrupt by low voltage detect) BARH ....oovvvernnnnnee 66, 304

CITCUIL .. e 295 BARL ... 66, 304

LVDR ..o 294 BDRH ..o 66, 304

LVDR (reset by low voltage BDRL.....ooovrrreerrnnrrnenns 66,304

detect) CIrCUIt.....icveeeeerieieeeeeeeeie e 294 BRR oo 198, 303
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ICCR2....ovvviiie, 236, 302,307, 311

ICDRR.....cccovvreenn 245,302,307, 311
ICDRS ..o 245
ICDRT .....coevviiene 245,302,307, 311
ICIER......ccoviiinenn 239,302, 307, 311
ICMR ..o 237,302,307, 311
ICSR ..o, 241,302, 307, 311
IEGRI ..o 51,306, 309, 313
IEGR2.....cocoviiiiiiien 52,306, 309, 313
IENRI....cocviiiiiiiians 53,306, 309, 313
IRRI oo, 54,306, 309, 313
IWPR ... 55,306, 309, 313
LVDCR.......cccccueunene. 290, 302, 307, 311
LVDSR. ..o 292,302,307, 311
MSTCRI.....ccccvenn 79, 306, 309, 313
PCRI....cccooiiin, 111, 305, 309, 313
PCR2.....ccoviiiinnn, 115, 305, 309, 313
PCRS....oooiiiiiinn 119, 305, 309, 313
PCR7..cccoviiiininn, 124, 305, 309, 313
PCRS.....coveiiininnn 126, 305, 309, 313
PDRI ..o 111, 305, 309, 312
PDR2 ....ccoiiiiiiiinn 115, 305, 309, 312
PDRS ..o 119, 305, 309, 312
PDR7 ..o 124, 305, 309, 312
PDRS ....ccooviiiiinn 127,305, 309, 312
PDRB.....cccoeiriinn 130, 305, 309, 312
PMRI...cccooniiiinnn 110, 305, 309, 313
PMRS....ccviiiinnn 118, 305, 309, 313
PUCRI....ccceviiienn 112, 305, 309, 312

TCONTV .ot 139, 30
TCORA....ccovivinn. 139, 30
TCORB....cccoevveennne. 139, 30
TCRVO.....ccovirinnne. 140, 30
TCRVI .o 143, 30
TCRW ..o, 158, 30
TCSRV..covviiiien, 142, 30
TCSRWD.....cccoeenee 184, 30:
TCWD..ooovvieieieen, 185, 30.
TDR o 192, 30
TIERW ..o 159, 30
8 (0) 20 IR 161, 30
5 (0) 28 I 163, 30
TMA. ..o, 133,30
TMRW ..o 157,30
TMWD....coovviiiiiinn 186, 30.
TSR e
TSRW i, 160, 30
Register field.........ccoeeriereennnne.
S
Serial communication interface 3
(SCIB3) oo
Asynchronous mode.................
Bitrate.....cccoevieienieieeeeen,
BreakK....oooooeeninieecc
Clocked synchronous mode .....
Framing error..........ccoeevvevvennen.
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