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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, al
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 informatio
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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arein their open states, intermediate levels are induced by noise in the vicinity, a
through current flows internally, and a malfunction may occur.

3. Processing before Initialization

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

4. Prohibition of Accessto Undefined or Reserved Addresses

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

Rev. 3.00 Mar. 15,2006 Page iv of xxxii
RENESAS



* 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 L SI, take notes into account. E:
includes notes in relation to the descriptions given, and usage notes are given, as require
final part of each section.

7. List of Registers

8. Electrical Characteristics

9. Appendix

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

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

11. Index

Rev. 3.00 Mar. 15, 2006 P«
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characteristics of the H8/3604§ Group to the target users.
Refer to the H8/300H Series Software Manual for a detailed description «
instruction set.

Notes on reading this manual:

e Inorder 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
e |norder to understand the details of the CPU's functions
Read the H8/300H Series Software Manual.
e Inorder to understand the details of aregister when its name is known
Read the index that is the final part of the manual to find the page number of the entry
register. The addresses, bits, and initial values of the registers are summarized in secti
List of Registers.

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

XXX_N (XXX istheregister name and N is the che

number)
Bit order: The MSB is on the |eft and the LSB is on the right.
Number notation: Binary is B'xxxx, hexadecimal is H'xxxx, and decin
XXXX.

Signal notation:  An overbar is added to alow-active signal: xxxx

Rev. 3.00 Mar. 15, 2006 Page vi of xxxii
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5. When the E7 or E8 is used, NMI is an input/output pin (open-drain in output mode),
P87 areinput pins, and P86 is an output pin.

6. Inon-board programming mode by boot mode, channel 1 (P21/RXD and P22/TXD)
isused.

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

H8/36049 Group manuals:

Document Title Docume
H8/36049 Group Hardware Manual This mar
H8/300H Series Software Manual REJO09B

User's manuals for development tools:

Document Title Docume

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

H8S, H8/300 Series Simulator/Debugger User's Manual REJ10B
H8S, H8/300 Series High-performance Embedded Workshop 3 Tutorial REJ10B
H8S, H8/300 Series High-performance Embedded Workshop 3 User's Manual REJ10B(
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R1TC (can be used as afree running counter)

Timer B1 (8-bit timer)

Timer V (8-bit timer)

Timer W (16-bit timer)

Timer Z (16-bit timer)

14-bit PWM

Watchdog timer

SCI3 (Asynchronous or clocked synchronous serial communication interface) x 3 cf

I°C bus interface 2 (conforms to the 1°C bus interface format that is advocated by Phi
Electronics)

10-bit A/D converter
POR/LVD (Power-on reset and low voltage detection circuit)
e On-chip memory

Model

On-Chip Power-
On Reset and
Low-Voltage

Product Standard Detecting Circuit

Classification Version Version ROM RA

Flash memory version = H8/36049F HD64F36049 HD64F36049G 96 kbytes 4 Kb

(F-ZTAT™ version)

Masked ROM version H8/36049 HD64336049 HD64336049G 96 kbytes 3 kk
H8/36048 HD64336048 HD64336048G 80 kbytes 3kt
H8/36047 HD64336047 HD64336047G 64 kbytes 3 kk

Note: F-ZTAT™ is a trademark of Renesas Technology Corp.
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Fle=71 RAM |

—\] ©
P11/PWM <> K As+
P10/TMOW <> ROM o ||
: <> |
PO4 <> |, — lic2 — s |
P23 <=| 7[> aacl
P22/TXD <> 3
P21/RXD <> <> |
I — —
P20/sck3 «|__K ) RTC sCi | —— |
— S — A™ f>|
P37 <> Sl
P - 14-bit g
P35 <> I I Ay SCI3_2 J— — |
P34 <=|Q PWM [ R~
P33 <> 3 :
P32 <> > |
P31 <> — T ) > |
\ Timer Z |
a1 | K] sci33 [T ne
- —I_E 2 e
8 > |
P57/SCL <> - <~
i — — Timer V Watchdog p—
P56/SDA < timer K )
P55/WKP5/ADTRG | <~
P54/WKPZ <»|g
P53/WKP3 <—»| o ) X —
P52/ WKP2 <1 —\ Timer W Timer B1 >
P51/ WKPT <> —I:@ <>
P50/WKPO <> [~ |
- D g
A/D converter POR and LVD e
(option) >
—\ > |
C — > |
Data bus (upper)
[T
Address bus
8 % ~NOUSTOANT-O
2L z22zzz=zz2
T IS L<L
NOWUWTOAN- O
DO OO@Om@
ocoocaoaaaa

Figurel.l Internal Block Diagram
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rov L4 O O L J! &7
P96 [] 65 36 [1P50/WKP(
P97 (] 66 35 [ P51/WKP
P70/SCK3_2 [] 67 34 [ ] P52/WKP:
P71/RXD_2 ] 68 33 [1P53/WKP:
P72/TXD_2 [ 69 32 [1P54/WKP:
P74/TMRIV [] 70 H8/36049 Group 31 [] P55/WKP*
P75/TMCIV [] 71 Top view 30 [1P56/SDA
P76/TMOV [] 72 29 [1P57/SCL
P77 ] 73 28 [1P17/IRQ3
Avss [| 74 27 [1P16/IRQ2
PBO/ANO [] 75 26 [1P15/RQ1T/
PB1/AN1 ] 76 25 [1P14/IRQ0
PB2/AN2 ] 77 24 [1P30
PB3/AN3 [] 78 23 [1P31
PB4/AN4 ] 79 22| 1P32
PB5/AN5 [] 80 21 [1P33
( 1 2 34 56 7 8 9 10111213 14 1516 17 18 19 20
RN RN RRRERRRERERERERY
2SN PR eSO SERBELERD
QS R = o O
g &

Figurel1l.2 Pin Arrangements (FP-80A)
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MyVvue v Hiput Alalvy pUWEelh oUppdly pHivE Uuic AV U
When the A/D converter is not used, c
this pin to the system power supply.

AVss 74 Input Analog ground pin for the A/D convert
Connect this pin to the system power
0o V).

VoL 6 Input Internal step-down power supply pin.
capacitor of around 0.1 uF between tt
the Vss pin for stabilization.

Clock pins  OSC1 11 Input These pins connect with crystal or cer
0SC2 10 Output res_onator for the system clock, or can
to input an external clock.
See section 5, Clock Pulse Generator
typical connection.

X1 Input These pins connect with a 32.768 kH:

X2 Output resonator for the subclock. See sectic
Pulse Generators, for a typical connec

System RE 7 Input Reset pin. The pull-up resistor (typ.15
control incorporated. When driven low, the ch

TEST 8 Input Test pin. Connect this pin to Vss.

External NMI 13 Input Non-maskable interrupt request input
::_Lesrrupt Be sure to pull-up by a pull-up resisto
i

IRQO to 2510 28 Input External interrupt request input pins. (

IRQ3 the rising or falling edge.

WKPO to 36 to 31 Input External interrupt request input pins. (

WKP5 the rising or falling edge.

RTC TMOW 56 Output This is an output pin for divided clocks
Timer B1 TMIB1 26 Input External event input pin.

Rev. 3.00 Mar. 15,2006 P
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output pin

FTIOCO 44 /0 Output compare output/input capture ing
synchronous output pin (at a reset or in
complementary PWM mode)

FTIODO 45 1/0 Output compare output/input capture ing
output pin

FTIOA1 46 I/0 Output compare output/input capture ing
output pin (at a reset or in complementa
mode)

FTIOB1to 471049 I/0 Output compare output/input capture inf

FTIOD1 output pin

Timer W FTCI 51 Input  External event input pin
FTIOA to 52 to 55 I/O Output compare output/input capture ing
FTIOD output pin
14-bit PWM PWM 57 Output 14-bit PWM square wave output pin
I’C bus SDA 30 I/0O IIC data I/O pin. Can directly drive a bus
interface 2 NMOS open-drain output. When using tl
(lca) external pull-up resistor is required.

SCL 29 I/O IIC clock I/O pin. Can directly drive a bu:
NMOS open-drain output. When using tl
external pull-up resistor is required.
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A/D AN7 to ANO 2,1, Input  Analog input pin
converter 80to 75
ADTRG 31 Input  Conversion start trigger input pin
1/O ports PB7to PBO 2,1, Input  8-bit input port
80to 75
P17 to P14, 28 to 25, I/0 7-bit I/0 port
P12to P10 58 to 56
P24 to P20 37 to 41 I/O 5-bit I/O port
P37to P30 171024 I/0 8-bit I/O port
P57 to P50 29 to 36 I/O 8-bit I/0 port
P67 to P60 49 to 42 I/0 8-bit I/O port
P77 to P74, 731070, I/0 7-bit I/0 port
P72to P70 69 to 67
P87 to P80 14 to 16, I/0 8-bit I/0 port
55 to 51
P97 to P90 66 to 59 I/O 8-bit I/0 port
Rev. 3.00 Mar. 15,2006 P
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General-register architecture

Sixteen 16-bit general registers also usable as sixteen 8-hit registers and eight 16-bit

or eight 32-bit registers

62 basic instructions

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

Powerful bit-manipulation instructions

Eight addressing modes

Register direct [Rn]

Register indirect [ @ERN]

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

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

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

Memory indirect [ @@aa:8]

16-Mbyte address space

High-speed operation

All frequently-used instructions execute in two to four states
8/16/32-hit register-register add/subtract : 2 state

8 x 8-hit register-register multiply . 14 states
16 + 8-bit register-register divide : 14 states
16 x 16-bit register-register multiply 1 22 states
32 + 16-hit register-register divide . 22 states
Rev. 3.00 Mar. 15, 2006 P
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\icall Hisiiiviy veleivilyy

1000088 [-_ Interrupt vector __
H'00008C
On-chip ROM
(96 kbytes)
H'017FFF
' '
' Not used .
'
H'FFE800
On-chip RAM
(2 kbytes)
H'FFEFFF|
E Not used |
H'FFF600 .
HEFF77F Internal I/O register
H'FFF780| (1-kbyte work area
for flash memory
programming)
:'EEESZ;E | __On-chip RAM - -
(2 kbytes)
(1-kbyte user area)
H'FFFF7F
H'FFFF80
Internal I/O register
H'FFFFFF

H'000000
H'00008B
H'00008C

H017FFF

H'FFE800

HFFEFFF

HFFF600
HFFF77F

H'FFFB80

HFFFF7F
HFFFF80

HFFFFFF

\VidohtUd Mvivi voioivil)

Interrupt vector

On-chip ROM
(96 kbytes)

Not used

On-chip RAM
(2 kbytes)

| Not used :

I Internal 1/O register

' \
.

] Not used '

.

' .

On-chip RAM
(1 kbyte)

Internal I/O register

H'000000
H'00008B
H'00008C

H'013FFF

H'FFE800

H'FFEFFF

H'FFF600
HFFF77F

H'FFFB80

HFFFF7F
HFFFF80

HFFFFFF

AVIAORTU 11Vl Veioivily

Interrupt vector

On-chip ROM
(80 kbytes)

Not used

On-chip RAM
(2 kbytes)

E Not used E

Internal I/O register

I
Not used '
I

On-chip RAM
(1 kbyte)

Internal I/O register

\IViGORTU Tt

H'000000
H'00008B
H'00008C

Interru

On-ch
(641

H'00FFFF

H'FFE800

H'FFEFFF]

HFFF600 |
HFFF77F |

H'FFFB80

HFFFF7F
HFFFF80

Not

On-ch
2k

Not

Internal I/

Not

On-ch
(1 k

Internal |

HFFFFFF

Figure2.1 Memory Map
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cRa nzA nzL
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 |

[Legend]
SP:  Stack pointer H: Half-carry flag
PC: Program counter U: User bit
CCR: Condition-code register N: Negative flag
I: Interrupt mask bit Z: Zero flag
Ul:  User bit V: Overflow flag

C: Carry flag

76543

21 C

cer [1ur]u[n]z]v]c

Figure2.2 CPU Registers

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

The usage of each register can be selected independently.

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

E registers (extended registers)
(EO to E7)

ER registers RH registers
(ERO to ER7) (ROH to R7H)
R registers
(RO to R7)

RL registers
(ROL to R7L)

Figure2.3 Usage of General Registers

General register ER7 has the function of stack pointer (SP) in addition to its general-regis
function, and is used implicitly in exception handling and subroutine calls. Figure 2.4 shc
relationship between the stack pointer and the stack area.
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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 isinitiaized
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. The | 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. 3.00 Mar. 15, 2006 Pa
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AR LG AL A dL dRAL 4 AL JI 4 d dl 4B A d L ALL 4N

or NEG.B instruction is executed, this flag is se
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

Undefined

R/W

User Bit

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

Undefined

R/W

Negative Flag

Stores the value of the most significant bit of d
sign bit.

Undefined

R/W

Zero Flag

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

Undefined

R/W

Overflow Flag

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

Undefined

R/W

Carry Flag

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

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

The carry flag is also used as a bit accumulato
manipulation instructions.
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Data Type General Register Data Format

7 0

RnH T T T T T T [ ]
bt data ris{siaisizirio] Domewe
___________________ 7 0

Ant . Domewe  [7ieisiaisieltio
7 43 0 .
4-bit BCD data RnH | Upper | Lower | Don't care H
------------------ 3

___________________ 7 4 3 0
4-bit BCD data RnL : Don't care | Upper | Lower |
7 0
i iipi o Doreme
MSB s TR

___________________ 7 0

Byte data RnL E Don't care | L T T A
------------------- 1 1 1 1 1 1 1
MSB LSB

Figure2.5 General Register Data Formats (1)
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MSB

[Legend]
ERn: General register ER

En:  General register E
Rn:  General register R
RnH: General register RH
RnL: General register RL
MSB: Most significant bit
LSB: Least significant bit

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

1-bit data

Byte data

Word data

Longword data

Address Data Format
/\/
7 0

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

AddressL  fuse; ! i : @ ! ILSB

Address 2M SBE

Address 2M+1 | LSB
Address2N fyegr 1t L
Address 2N+1 [ T T T A
Address 2N+2 E E E E E E E

Address 2N+3 E'—SB

/\/

Figure2.6 Memory Data Formats
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o i~ e Wt A

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

\ 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

l

NOT (logical complement)

Rev. 3.00 Mar. 15,2006 Page 18 of 526
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MOVFPE B (EAs) — Rd
Cannot be used in this LSI.

MOVTPE B Rs — (EAs)
Cannot be used in this LSI.
POP W/L @SP+ — Rn

Pops a general register from the stack. POP.W Rn is identical
MOV.W @SP+, Rn. POP.L ERn is identical to MOV.L @SP+,

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

Rev. 3.00 Mar. 15, 2006 Pa
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DEC

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

ADDS L Rd+1—-Rd, Rd+2—->Rd, Rd+4 - Rd
SUBS Adds or subtracts the value 1, 2, or 4 to or from data in a 32-bit
DAA B Rd (decimal adjust) — Rd
DAS Decimal-adjusts an addition or subtraction result in a general re
referring to the CCR to produce 4-bit BCD data.
MULXU B/W Rd x Rs — Rd
Performs unsigned multiplication on data in two general registet
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: eitt
bits + 8 bits — 8-bit quotient and 8-bit remainder or 32 bits = 16
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 i
general register.

EXTU

W/L

Rd (zero extension) — Rd
Extends the lower 8 bits of a 16-bit register to word size, or the

bits of a 32-bit register to longword size, by padding with zeros
left.

EXTS

W/L

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

Note:

* Refers to the operand size.

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

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

Table25 Shift Instructions

Instruction Size* Function

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

B: Byte

W: Word

L: Longword
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Inverts a specified bit in a general register or memory operand
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

BIAND

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.

C A ~ (<bit-No.> of <EAd>) —» C

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

BOR

BIOR

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

C v ~ (<bit-No.> of <EAd>) —» C

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

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

Note: * Refers to the operand size.

B: Byte
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BILD B

carry flag.

~ (<bit-No.> of <EAd>) —» C

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

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

BST B

BIST B

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

~ C — (<bit-No.> of <EAd>)

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

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

Note: * Refers to the operand size.

B: Byte
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BCC(BHS) Carry clear C=
(high or same)
BCS(BLO) Carry set (low) C=1
BNE Not equal Z=0
BEQ Equal Z=1
BvVC 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 NeoV=1
BGT Greater than ZvN® 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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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
Table2.9 Block Data Transfer Instructions

Instruction Size Function

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

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

Execution of the next instruction begins as soon as the transfer is
completed.
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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 hits specifying immediate data, an absolute address, or a displacement. /
address or displacement is treated as a 32-bit data in which the upper 8 bitsare 0 (H'

Condition Field

Specifies the branching condition of Bcc instructions.

(1) Operation field only

op

NOP, RTS, etc.

(2) Operation field and register fields

op

n rm

ADD.B Rn, Rm, etc.

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

op

rn rm

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

EA(disp)

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

d

op

cc

EA(disp)

BRA d:8

Figure2.7 Instruction Formats

RENESAS
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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.

Table2.10 Addressing Modes

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

Register Direct—Rn

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

Register Indirect—@ERnN

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

Register indirect with pre-decrement—@-ERn

Thevaue 1, 2, or 4 is subtracted from an address register (ERn) specified by the reg
in the instruction code, and the lower 24 hits of the result is the address of a memory
Theresult is aso stored in the address register. The value subtracted is 1 for byte ac

word access, or 4 for longword access. For the word or longword access, the registel
should be even.

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

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

For an 8-bit absolute address, the upper 16 bits are all assumed to be 1 (H'FFFF). For a:
absolute address the upper 8 bits are a sign extension. A 24-bit absolute address can acc
entire address space.

The access ranges of absolute addresses for the group of thisL S| are those shown in tab

Table2.11 Absolute Address Access Ranges

Absolute Address Access Range
8 bits (@aa:8) H'FFFFOO0 to H'FFFFFF
16 bits (@aa:16) H'000000 to H'007FFF

H'FF8000 to HFFFFFF

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

Rev. 3.00 Mar. 15, 2006 Pa
RENESAS REJOC



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:
so the possible branching range is—126 to +128 bytes (—63 to +64 words) or —32766 to +
bytes (16383 to +16384 words) from the branch instruction. The resulting value should
even number.

Memory Indirect—@@aa: 8

This mode can be used by the IMP and JSR instructions. The instruction code contains a
absolute address specifying a memory operand. This memory operand contains a branch
The memory operand is accessed by longword access. The first byte of the memory oper:
ignored, generating a 24-bit branch address. Figure 2.8 shows how to specify branch add
memory indirect mode.

The upper bits of the absolute address are all assumed to be 0, so the address range is O tc
(H'0000 to H'00FF). Note that the first part of the address range is al so the exception vec

\/_\

Specified —»] Dummy
by @aa:8

Branch address

\/\

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

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

31 0

op | r| | disp |

1 General register contents

31 0
disp

| Sign extension |

23

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

31 0

*Register indirect with pre-decrement @-ERn

I General register contents }g
x

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.

23

Rev.

RENESAS
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L
abs

I:

(o]

Immediate

#Xx:8/#xx:16/#xx:32

Lo |

IMM

Operand is immediate data.

7 Program-counter relative
@(d:8,PC) @(d:16,PC)

op

disp

23

| PC contents

Sign :
|exter?sion disp

L
5 g

23

©

Memory indirect @ @aa:8

23

8710

H'0000 | abs |

15

0
Memory contents

23 16 15

e [

[Legend]

r, rm,rn : Register field

op : Operation field
disp : Displacement
IMM  : Immediate data
abs : Absolute address
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Bus cycle

1
<— T, state —>»l<— T,state —»

|

¢ or 6SUB
1
|
Internal address bus Address X
! i
1
' 1
Internal read signal E if
! |
Internal data bus Read data D_
(read access)

Internal write signal

il

Internal data bus

i Write dat
(write access) rite data

Tt

Figure2.9 On-Chip Memory Access Cycle

Rev. 3.00 Mar. 15, 2006 Pa
RENESAS REJOC



Bus cycle

1 1
1
i ' ' i
1<— T, state —<+— T, state —>»|<«+— T; state —
: | | :
1 1

1

! 1
! |
¢ or ¢ SUB —/_\_/_\_/_\_/_
1 1 !
i ! |
Internal X
address bus Address )
] T !
1 1 !
Internal ! ! .
read signal : : :
1 1 :
Internal ! |
data bus Read data D_

(read access) :

el

! ! i
l 1
Internal :\ ! i
write signal ! | / !
1
1 1 1
Internal . ! h
data bus Write data 9—
1

(write access) ! T f

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

Program
execution state

Active

Program halt state

(high speed) mode

The CPU executes successive program

instructions at high speed,

synchronized by the system clock

Subactive mode

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

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

Exception-
handling state

Sleep mode

Standby mode

Subsleep mode

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

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 areasin addition to the ROM, RAM, and ol
I/O registers areas available to the user. When datais transferred from CPU to empty are:
transferred datawill be lost. This action may also cause the CPU to malfunction. When d
transferred from an empty areato CPU, the contents of the data cannot be guaranteed.

2.8.2 EEPMOV Instruction

EEPMOV isablock-transfer instruction and transfers the byte size of dataindicated by F
RA4L, which starts from the address indicated by ERS, to the address indicated by ER6. S
R4L and ER6 so that the end address of the destination address (value of ER6 + R4 or EF
does not exceed H'FFFFFF (the value of ER6 must not change from H'FFFFFF to H'000(
during execution).
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Example 1: Bit manipulation for the timer load register and timer counter
(Applicablefor timer B1in the H8/36049 Group.)

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

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

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

Read
Count clock ———» Timer counter >
A
Reload
Write
Timer load register <

Internal data bus

Figure2.13 Exampleof Timer Configuration with Two Registers Allocated tc
Address
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PCR5 0

PDR5 1

e BSET instruction executed instruction

BSET #0,

@PDR5

e After executing BSET instruction

The BSET instruction is executed for port 5.

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
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store a copy of the PDRo dataln awork arealn memory. Perform the bit manipulati
datain the work area, then write this datato PDR5.

e Prior to executing BSET instruction

MOV.B  #80, ROL The PDRS5 value (H'80) is written to awork area

MOV.B  ROL, @RAMO memory (RAMO) aswell asto PDR5.
MOV.B ROL, @PDR5

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

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

e BSET instruction executed

BSET #0, @RAMO The BSET instruction is executed designating the
work area (RAMO).
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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 |
an input pin by the BCLR instruction is shown below. It is assumed that a high-level sigr
input to thisinput pin.

e Prior to executing BCLR instruction

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

e BCLR instruction executed
BCLR #0, @PCR5 The BCLR instruction is executed for PCR5.
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register, the CPU reads a value of H'FF, even though the PCR5 value is actually H'3
2. Next, the CPU clears hit 0 in the read datato 0, changing the data to H'FE.
3. Finally, H'FE iswritten to PCR5 and BCLR instruction execution ends.

Asaresult of this operation, bit 0 in PCR5 becomes 0, making P50 an input port. Howe
and 6 in PCR5 change to 1, so that P57 and P56 change from input pinsto output pins. -
this problem, store a copy of the PCR5 datain awork areain memory and manipulate d
bit in the work area, then write this data to PCR5.

e Prior to executing BCLR instruction

MOV.B  #3F, ROL The PCR5 value (H'3F) is written to awork area

MOV.B  ROL, @RAMO memory (RAMO) aswell asto PCR5.
MOV.B  ROL, @PCR5

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

level level level level level level level
PCR5 0 0 1 1 1 1 1
PDR5 1 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1
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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 executi
regardless of the setting of the | bit in CCR.

e [nterrupts

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 startsw
current instruction or exception handling ends, if an interrupt request has been issued.
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— Reserved for system use 1to6 H'000004 to
H'00001B
External interrupt  NMI 7 H'00001C to
pin H'00001F
CPU Trap instruction #0 8 H'000020 to
H'000023
Trap instruction #1 9 H'000024 to
H'000027
Trap instruction #2 10 H'000028 to
H'00002B
Trap instruction #3 11 H'00002C to
H'00002F
Address break Break conditions satisfied 12 H'000030 to
H'000033
CPU Direct transition by executing the 13 H'000034 to
SLEEP instruction H'000037
External interrupt  IRQO 14 H'000038 to
pin Low-voltage detection interrupt* H'00003B
IRQ1 15 H'00003C to
H'00003F
IRQ2 16 H'000040 to
H'000043
IRQ3 17 H'000044 to
H'000047
WKP 18 H'000048 to
H'00004B
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limer VvV Compare maitch A H' 0000006 10
Compare match B H'00005B
Overflow
SCI3 Receive data full 23 H'00005C to
Transmit data empty H'00005F
Transmit end
Receive error
lic2 Transmit data empty 24 H'000060 to
Transmit end H'000063
Receive data full
Arbitration lost/overrun error
NACK detection
Stop conditions detected
A/D converter A/D conversion end 25 H'000064 to
H'000067
Timer Z0 Compare match/input capture A0 26 H'000068 to
to DO H'00006B
Overflow
Timer Z1 Compare match/input capture A1 27 H'00006C to
to D1 H'00006F
Overflow
Underflow
Timer B1 Overflow 29 H'000074 to
H'000077
— Reserved for system use 30, 31 H'000078 to
H'00007F
SCI3_2 Receive data full 32 H'000080 to
Transmit data empty H'000083
Transmit end
Receive error
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32 Register Descriptions
Interrupts are controlled by the following registers.

e Interrupt edge select register 1 (IEGR1)
e Interrupt edge select register 2 (IEGR2)
e Interrupt enableregister 1 (IENR1)

e Interrupt enable register 2 (IENR2)

o Interrupt flag register 1 (IRR1)

o Interrupt flag register 2 (IRR2)

o Wakeup interrupt flag register (IWPR)
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Reserved

These bits are always read as 1.

W~ 00 O

IEG3

O = == =

R/W

IRQ3 Edge Select
0: Falling edge of IRQ3 pin input is detected
1: Rising edge of IRQ3 pin input is detected

IEG2

R/W

IRQ2 Edge Select
0: Falling edge of IRQ2 pin input is detected
1: Rising edge of IRQ2 pin input is detected

IEG1

R/W

IRQ1 Edge Select
0: Falling edge of IRQ1 pin input is detected
1: Rising edge of IRQ1 pin input is detected

IEGO

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 of WRKFo(AD I'RQ) pin INpUt IS (
1: Rising edge of WKP5(ADTRG) pin input is c

4 WPEG4

R/W

WKP4 Edge Select
0: Falling edge of WKP4 pin input is detected

1: Rising edge of WKP4 pin input is detected

3 WPEGS3

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

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

R/W

WKP1Edge Select
0: Falling edge of WKP1 pin input is detected
1: Rising edge of WKP1 pin input is detected

0 WPEGO

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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enabled.
5 IENWP 0 R/W Wakeup Interrupt Enable

This bit is an enable bit, which is common to |
WKP5 to WKPO. When the bit is set to 1, inte
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
pin are enabled.

2 IEN2 0 R/W IRQ2 Interrupt Enable

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

1 IENA1 0 R/W IRQ1 Interrupt Enable

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

0 IENO 0 R/W IRQO Interrupt Enable

When this bit is set to 1, interrupt requests of
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 (I = 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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— Reserved
— These bits are always read as 1.

o == N W
|

_ a
|

When disabling interrupts by clearing bits in an interrupt enable register, or when clearin
an interrupt flag register, aways do so while interrupts are masked (I = 1). If the above cl
operations are performed while | =0, and as aresult a conflict arises between the clear in
and an interrupt request, exception handling for the interrupt will be executed after the cli
instruction has been executed.

325 Interrupt Flag Register 1 (IRR1)

IRR1 is astatus flag register for direct transition interrupts, RTC interrupts, and IRQ3 to
interrupt requests.

Initial
Bit Bit Name Value R/W Description
7 IRRDT 0 R/W Direct Transfer Interrupt Request Flag

[Setting condition]

When a direct transfer is made by executing a
instruction while DTON in SYSCR2 is set to 1.

[Clearing condition]
When IRRDT is cleared by writing O
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[Setting condition]

When IRQ3 pin is designated for interrupt inp
designated signal edge is detected.

[Clearing condition]
When IRRI3 is cleared by writing 0

2

IRRI2

0

RW

IRQ2 Interrupt Request Flag
[Setting condition]

When IRQ2 pin is designated for interrupt inp
designated signal edge is detected.

[Clearing condition]
When IRRI2 is cleared by writing 0

1

IRRI1

0

R/W

IRQ1 Interrupt Request Flag
[Setting condition]

When IRQ1 pin is designated for interrupt inp
designated signal edge is detected.

[Clearing condition]
When IRRI1 is cleared by writing 0

0

IRRIO

0

R/W

IRQO Interrupt Request Flag
[Setting condition]

When IRQO pin is designated for interrupt inp
designated signal edge is detected.

[Clearing condition]
When IRRIO is cleared by writing 0
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[Clearing condition]
When IRRTB1 is cleared by writing O

— Reserved
— These bits are always read as 1.

o = N W »
|

—_. A A A
|
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the designated signal edge Is detected.
[Clearing condition]
When IWPFS5 is cleared by writing O.

IWPF4

R/W

WKP4 Interrupt Request Flag
[Setting condition]

When WKP4 pin is designated for interrupt in
the designated signal edge is detected.

[Clearing condition]
When IWPF4 is cleared by writing 0.

IWPF3

R/W

WKP3 Interrupt Request Flag
[Setting condition]

When WKP3 pin is designated for interrupt in
the designated signal edge is detected.

[Clearing condition]
When IWPF3 is cleared by writing 0.

IWPF2

R/W

WKP2 Interrupt Request Flag
[Setting condition]

When WKP2 pin is designated for interrupt in
the designated signal edge is detected.

[Clearing condition]
When IWPF2 is cleared by writing O.

IWPF1

R/W

WKP1 Interrupt Request Flag
[Setting condition]

When WKP1 pin is designated for interrupt in
the designated signal edge is detected.

[Clearing condition]
When IWPF1 is cleared by writing O.
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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 LS| 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 LSI
reset exception handling. The reset exception handling sequence is shown in figure 3.1.
for the reset exception handling sequence of the product with on-chip power-on reset circ
to section 20, Power-On Reset and Low-V oltage Detection Circuits (Optional).

The reset exception handling sequenceis asfollows:

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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NMI isthe highest-priority interrupt, and can always be accepted without depending on
valuein CCR.

IRQ3to IRQO Interrupts:

IRQ3 to IRQO interrupts are requested by input signalsto pins IRQ3 to IRQO. These fou
interrupts are given different vector addresses, and are detected individually by either ri:
sensing or falling edge sensing, depending on the settings of bits IEG3 to IEGO in IEGR

When pinsIRQ3 to IRQO are designated for interrupt input in PMR1 and the designatec
edge isinput, the corresponding bit in IRR1 is set to 1, requesting the CPU of an interru
interrupts can be masked by setting bits IEN3 to IENO in IENRL.
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R o st proyiaiti
processing | instruction

<
()
Q
=2
o
=
—
[v)
=
Q
>

m‘
m
[0

Internal

address bus
Internal read

Internal write
signal

Internal data

bus (16 bits)

signal \ /_\ /—u_u

(1), (3) Address of reset vector: (1) = H'000000, (3) = H'000002
(2), (4) Start address (contents of reset vector)

(5) Start address

(6) First instruction of program

Figure3.1 Reset Sequence
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34.3 Interrupt Handling Sequence

Interrupts are controlled by an interrupt controller.

Interrupt operation is described as follows.

1.

If an interrupt occurs while the NMI or interrupt enable bit is set to 1, an interrupt re
signal is sent to the interrupt controller.

When multiple interrupt requests are generated, the interrupt controller requests to tt
the interrupt handling with the highest priority at that time according to table 3.1. Ot
interrupt requests are held pending.

The CPU accepts the NMI and address break without depending on the | bit value. C
interrupt requests are accepted, if the | bitisclearedto 0in CCR; if the |l bitissetto
interrupt request is held pending.

If the CPU accepts the interrupt after processing of the current instruction is comple
interrupt exception handling will begin. First, both PC and CCR are pushed onto the
stack status at thistimeis shown in figure 3.2. The PC value pushed onto the stack i
address of the first instruction to be executed upon return from interrupt handling.
Then, thel bitin CCR is set to 1, masking further interrupts excluding the NMI and
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.
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.
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I/{JI/—\/I

Prior to start of interrupt ———————After completion of interrupt
exception handling PC and CCR exception handling
saved to stack
[Legend]
PCE: Bits 23 to 16 of program counter (PC)
PCH: Bits 15 to 8 of program counter (PC)
PCL: Bits 7 to 0 of program counter (PC)
CCR: Condition code register
SP:  Stack pointer

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

2. Register contents must always be saved and restored by word length, starting from
an even-numbered address.

Figure3.2 Stack Statusafter Exception Handling
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Dt e

Vector fetch 4

Instruction fetch 4

Internal processing 4

Notes: 1. In case of internal interrupts, the number of states is 1.

2. Not including EEPMOV instruction.
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Figure3.3 Interrupt Sequence
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35.2 Notes on Stack Area Use

When word data is accessed, the least significant bit of the addressis regarded as 0. Acc
stack always takes place in word size, so the stack pointer (SP: ER7) should never indic
address. Use PUSH Rn (MOV.W Rn, @-SP) or POP Rn (MOV.W @SP+, Rn) to save
register values.

353 Noteson Rewriting Port Mode Registers

When a port mode register is rewritten to switch the functions of external interrupt pins,
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 modk
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 procedu

Rev. 3.00 Mar. 15, 2006 Pa
RENESAS REJOC



Figure3.4 Port Mode Register Setting and I nterrupt Request Flag Clearing Pro
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AN

meimial auuress bus

{

—l Comparator | ™
4
[BARE| BARH ! BARL < =
(%2}
\ =]
e ] [
control circuit | e =]| ABRKSR |<—> g
| BDRH ' BDRL |<—> =
v
| Comparator |
<
Interrupt

[Legend]

BARE, BARH, BARL:Break address register

BDRH, BDRL:
ABRKCR:
ABRKSR:

Break data register
Address break control register
Address break status register

Figure4.1 Block Diagram of Address Break
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ABRKCR sets address break conditions.

Initial
Bit Bit Name Value R/W Description
7 RTINTE 1 R/W RTE Interrupt Enable
When this bit is 0, the interrupt immediately aft
executing RTE is masked and then one instruc
be executed. When this bit is 1, the interrupt is
masked.
CSEL1 0 R/W Condition Select 1 and 0
CSELO 0 R/W 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
4 ACMP2 0 R/W Address Compare 2 to 0
ACMPA1 0 R/W These bits set the comparison condition betwe
2 ACMPO 0 R/W address set in BAR and the internal address b

000: Compares 24-bit addresses

001: Compares upper 20-bit addresses
010: Compares upper 16-bit addresses
011: Compares upper 12-bit addresses
1xx: Reserved
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[Legend] x: Don'tcare.

When an address break is set in the data read cycle or data write cycle, the data bus usec
depend on the combination of the byte/word access and address. Table 4.1 shows the ac
data bus used. When an I/O register space with an 8-bit data bus width is accessed in we
byte access is generated twice. For details on data widths of each register, see section 2z
Register Addresses (Address Order).

Table4.1 Accessand Data Bus Used

Word Access

Byte Access

Odd

Even Address Address Even Address 0Odd /

ROM space Upper 8 bits Lower 8 bits Upper 8 bits Uppel

RAM space Upper 8 bits Lower 8 bits Upper 8 bits Uppel

1/0 register with 8-bit data Upper 8 bits Upper 8 bits Upper 8 bits Uppel
bus width

I/0 register with 16-bit data  Upper 8 bits Lower 8 bits — —

bus width
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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 |
is enabled.

5t00 — All 1 — Reserved

These bits are always read as 1.

413 Break Address RegisterskE, H, L (BARE, BARH, BARL)

BAR (BARE, BARH, BARL) isa24-bit readable/writable register that sets the address f
generating an address break interrupt. Theinitia vaue of this register is H'FFFFFF. Whe
the address break condition to the instruction execution cycle, set the first byte address of
instruction.

414 Break Data RegistersH, L (BDRH, BDRL)

BDR (BDRH, BDRL) is a 16-hit readable/writable register that sets the data for generatir
address break interrupt. BDRH is compared with the upper 8-bit data bus. BDRL is comy
the lower 8-bit data bus. When memory or registers are accessed by byte, the upper 8-bit
isused for even and odd addresses in the data transmission. Therefore, comparison datar
set in BDRH for byte access. For word access, the data bus used depends on the address.

section 4.1.1, Address Break Control Register (ABRKCR), for details. Theinitial value ¢
register is undefined.
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vvrien e address Diedk Is specliied in instructorn execution cycie

Register setting Program
* ABRKCR = H'80 0258 NOP
* BAR = H'025A * 025A NOP
025C _MOV.W @H'025A.R0 Underline indicates the address
0260 NOP
to be stacked.

0262 NOP

NOP NOP MOV MOV
instruc-  instruc-  instruc-  instruc-
tion tion tion 1 tion2 Internal
prefetch prefetch prefetch prefetch processing Stack save

s e e s e
o JHUyUHUuUyUyUyUyUyyUye

bocre®> Y025 Y o25a Y oz5C Y o2sE X sp2 ) sp4
Interrupt I :
request +

Interrupt acceptance

Figure4.2 AddressBreak Interrupt Operation Example (1)
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N Iy Iy N Iy Iy N N N [ S I
Address )

bus :X 025C Y 025E Y 0260 X 025A X 0262 X 0264 X sp-2
Interrupt r

request I :

Interrupt acceptance

Figure4.2 AddressBreak Interrupt Operation Example (2)
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0SC; —! System
clock

OSCyo<——| oscillator

dosc

X1 —»!  Subclock
! oscillator

(fosc)

Duty
correction
circuit

System
%osc| clock
(fosc) | divider

System clock pulse generator

dw

%osc

Subclock

(fw)

Subclock pulse generator

divider

0osc/8 |
osc/16 [T >
osc/32 | !
/64 | !
OsC > Prescaler S
(18 bits)
ow2 |
¢W/4 > E > dsus
dw/8 |
. Prescaler W[
: »| (5 hbits)

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.
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0SC1 (@—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.

Cy
0SC1 TI I_)7‘7'
[}

c
0SC, — T 2'?7 .
)

=C, =10 to 22pF

Figure5.3 Typical Connection to Crystal Resonator

Rs

OSCi<~——¢ +— 0SC»
Co

Figure5.4 Equivalent Circuit of Crystal Resonator
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Cy
ose 11 b
] c,
0sc, #I I;L C, =51to 30pF

C, =5to 30pF

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%.

OsCy |—— | | | | | | External clock input

0SC,

Open

Figure5.6 Example of External Clock Input
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Note: Resistance Is a reference 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

crystal resonator.

Cy
X1 '_,,L
T ¢
X2 l_»L Cy =C,=15pF (typ.)

Figure5.8 Typical Connection to 32.768-kHz Crystal Resonator

Ls Cs Rs
900 [} MN

X; +—¢ —X,
Co
1 |
1T

Co = 1.5pF (typ.)

Rg = 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 Sisa13-bit counter using the system clock (¢) asitsinput clock. It isincreme
per clock period. Prescaler Sisinitialized to H'0000 by areset, and starts counting on
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 the MA
bitsin SY SCR2.

53.2 Prescaler W

Prescaler W is a 5-bit counter using a 32.768 kHz signal divided by 4 (¢,,/4) asits input
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, subact
or subsleep mode, prescaler W continues functioning so long as clock signals are suppli
X, and X,.
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54.2 Notes on 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 fre
resonator circuit to prevent induction from interfering with correct oscillation (see figure

Avoid ——— Signal A Signal B

1 1 C1
osc, : : |

BEY
0sc, |—i T I

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 subc
frequency can be selected from ¢ow/2, ¢w/4, and ¢pw/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, the RTC is operable.

Module standby function

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

6.1 Register Descriptions

The registers related to power-down modes are listed below. For details on the serial mc
register (SCI3_3 module standby), see section 17, Seriad Communication Interface 3 (S

System control register 1 (SYSCR1)

System control register 2 (SY SCR2)

Module standby control register 1 (MSTCRL1)
Module standby control register 2 (MSTCR2)
Serial Mode Control Register (SMCR)
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For details, see table 6.2.

STS2
STS1
4 STSO

o O O

R/W
R/W
R/W

Standby Timer Select2t0 0

These bits designate the time the CPU and pe
modules wait for stable clock operation after e;
from standby mode, subactive mode, or subsle
mode to active mode or sleep mode due to an
The designation should be made according to
frequency so that the waiting time is at least 6.
The relationship between the specified value a
number of wait states is shown in table 6.1. WI
external clock is to be used, the minimum valu
= STS1 = STSO =1) is recommended.

3 NESEL

RW

Noise Elimination Sampling Frequency Select

The subclock pulse generator generates the w
clock signal (¢,,) and the system clock pulse ge
generates the oscillator clock (¢..). This bit se
sampling frequency of the oscillator clock whe
watch clock signal (¢,,) is sampled. When ¢ -
MHz, clear NESEL to 0.

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

Reserved
These bits are always read as 0.
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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.

6.1.2

System Control Register 2 (SYSCR2)

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

Initial
Bit Bit Name Value R/W Description

SMSEL 0 R/W Sleep Mode Selection

LSON 0 R/W Low Speed on Flag

DTON 0 R/W Direct Transfer on Flag
These bits select the mode to enter after the
of a SLEEP instruction, as well as bit SSBY ¢
SYSCR1.
For details, see table 6.2.

MA2 0 R/W Active Mode Clock Select 2 to 0

MA1 R/W These bits select the operating clock frequen

MAO R/W active and sleep modes. The operating clock

frequency changes to the set frequency after
SLEEP instruction is executed.

0XX: Oy
100: e/
101: ¢,./16
110: ¢pe/32
111: ¢,./64
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MSTS3

RW

SCI3 Module Standby
SCI3 enters standby mode when this bit is se

MSTAD

RW

A/D Converter Module Standby

A/D converter enters standby mode when thi
to 1

MSTWD

RW

Watchdog Timer Module Standby

Watchdog timer enters standby mode when t
set to 1.When the internal oscillator is selecte
watchdog timer clock, the watchdog timer op
regardless of the setting of this bit

MSTTW

R/W

Timer W Module Standby

Timer W enters standby mode when this bit i

MSTTV

R/W

Timer V Module Standby

Timer V enters standby mode when this bit is

MSTTA

R/W

RTC Module Standby

RTC enters standby mode when this bit is se
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4 MSTTBH1 R/W Timer B1 Module Standby
Timer B1 enters standby mode when this bit is
— — Reserved
2 — — These bits are always read as 0.
1 MSTTZ R/W Timer Z Module Standby
Timer Z enters standby mode when this bit is -
0 MSTPWM R/W PWM Module Standby

PWM enters standby mode when this bit is se
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el T fm fff BEE SRR T B R IR

Program halt state

Reset state

Program execution state

Direct transition
interrupt

Program halt s

| SLEEP | SLEEP |
| instruction ! ' instruction ,
Standby mode ' Interrupt Active mode ' Interrupt |  Sleep mode

| ! A \'\SLEEP !
: ! i instruction
' E Direct Direct
. ‘transition transition | '
] linterrupt interrupt | !

SLEEP

instruction ! !
H ' SLEEP | '
. ' instructi Interrupt "\
: Y ! SLEEP :
' ] ' instruction
, ! Subactive B | Subsleep mode
! | mode < i
' ! ! Interrupt !
. ! , —

interrupt

--- /Directtransition *---- - ______

Notes: 1. To make a transition to another mode by an interrupt, make sure interrupt handling is after the ir

is accepted.

2. Details on the mode transition conditions are given in table 6.2.

Figure6.1 Mode Transition Diagram
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1 X 0* 0 Active mode (direct —
transition)

X X 1 Subactive mode (direct —
transition)

[Legend] X: Don'tcare.
* When a state transition is performed while SMSEL is 1, timer V, SCI3, SCI3_2
and the A/D converter are reset, and all registers are set to their initial values.

these functions after entering active mode, reset the registers.
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VUl
rete
out|

higl
imp
stat
External IRQ3 to IRQO  Functioning Functioning Functioning Functioning Fur
interrupts WKP5 to Functioning Functioning Functioning Functioning Fur
WKPO
Peripheral RTC Functioning Functioning Functioning if the timekeeping time-t
functions function is selected, and retained if r
Timer V Functioning Functioning Reset Reset Res
Watchdog Functioning Functioning Retained (functioning if the internal c
timer selected as a count clock*)
SCI3, SCI3_2, Functioning Functioning Reset Reset Res
SCI3_3
lIc2 Functioning Functioning Retained* Retained Ret
Timer B1 Functioning Functioning Retained* Retained Ret
Timer Z Functioning Functioning Retained* Retained Ret
Timer W Functioning Functioning Retained (the counter is Ret
incremented by a subclock if
the internal clock ¢ is selected
as a count clock*)
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 moc
functioning. However, as long asthe rated voltage is supplied, the contents of CPU regis
chip RAM, and some on-chip peripheral module registers are retained. On-chip RAM col
will beretained as long as the voltage set by the RAM data retention voltage is provided.
ports go to the high-impedance state.

Standby modeis cleared by an interrupt. When an interrupt is requested, the system clock
generator starts. After the time set in bits STS2 to STS0 in SY SCR1 has elapsed, and inte
exception handling starts. Standby mode is not cleared if the | bit of CCRisset to 1 or th
requested interrupt is disabled in the interrupt enable register.

When the RES pin goes low, the system clock pulse generator starts. Since system clock

are supplied to the entire chip as soon as the system clock pulse generator starts functioni
RES pin must be kept low until the pulse generator output stabilizes. After the pulse gene
output has stabilized, the CPU starts reset exception handling if the RES pin is driven hig
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made to subactive mode when the bit is 1. After the time set in bits STS2 to STS0 in SY
elapsed, atransition is made to active mode.

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

6.2.4 Subactive Mode

The operating frequency of subactive modeis selected from ¢,,/2, ¢,/4, and ¢,,/8 by the
SAOQ bitsin 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 in subactive mode, a transition to sleep mode,
mode, standby mode, active mode, or subactive mode is made, depending on the combil
SYSCR1 and SY SCR2.

When the RES pin goes low, the system clock pulse generator starts. Since system clock
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
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transition a so enables operating frequency modification in active or subactive mode. Aft
mode transition, direct transition interrupt exception handling starts.

If the direct transition interrupt is disabled in interrupt enable register 1, atransition is me
instead to sleep or subsleep mode. Note that if a direct transition is attempted while the |
CCRisset to 1, sleep or subsleep mode will be entered, and the resulting mode cannot be
by 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 exception |
(the direct transition time) is calculated by equation (1).

Direct transition time = { (humber of SLEEP instruction execution states) + (number of ir
processing states)} x (tcyc before transition) + (number of interrupt exception handling st
(tsubcyc after transition) (1)

Example:

Direct transition time = (2 + 1) x tosc + 16 x 8 tw = 3 tosc + 128 tw
(when the CPU operating clock of ¢, . — ¢,/8 is selected)

[Legend]
tosc: OSC clock cycletime
tw: Watch clock cycletime

teyc: System clock (¢) cycletime
tsubcyc: Subclock (¢g,,) cycletime
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vlrect trarnsiton ume =« + 1) X o lw + (0lJda + 10) X 050 = 24 W + 0cV0 1050
(when the CPU operating clock of ¢ /8 — ¢__ and a waiting time of 8192 states :

osc

selected)
[Legend]
tosc: OSC clock cycletime
tw: Watch clock cycletime

teyc: System clock (¢) cycle time
tsubcyc:  Subclock (¢g,,) cycletime

6.5 Module Standby Function

The module-standby function can be set to any peripheral module. In the module standb
clock supply to modules stops to enter the power-down mode. Setting abit in MSTCR1
MSTCR2, or SMCR that corresponds to each module to 1 enables each on-chip periphe
to enter the module standby state and the module standby state is canceled by clearing ti
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ReEprogramming capaoiiity

— The flash memory can be reprogrammed up to 1,000 times.

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.

Programmer mode

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

Automatic bit rate adjustment

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

Programming/erasing protection

— Sets software protection against flash memory programming/erasing.

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.
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Erase unit:
1 kbyte

Erase unit:
1 kbyte

Erase unit:
1 kbyte

Erase unit:
1 kbyte

Erase unit:
28 kbytes

Erase unit:
16 kbytes

Erase unit:
16 kbytes

Erase unit:
32 kbytes

H'000000 | H'000001 ! H'000002 ! Programming unit: 128 bytes — ! H'00007F
~e H H H H
H'000380 | H'000381 | H'000382 " H'0003FF
H'000400 ! H'000401 ! H'000402 Programming unit: 128 bytes —= ' H00047F
H'000780 | H'000781 | H'000782 ! " H'0007FF
H'000800 | H'000801 ! H'000802 ! Programming unit: 128 bytes —= ! H'00087F
H'000B80 | H'000B81 | H'000B82 ! " H'O0OBFT
H'000C00 ! H'000C01 | H'000C02 ! Programming unit: 128 bytes —» ' H'000C7I
H'000F80 | H'O00F81 | H'000F82 ! ' H'OOOFFF
H'001000 | H001001 | H'001002 ! Programming unit: 128 bytes —= | H00107F
H'007F80 | H'007F81 | H'007F82 ! " H0O7FFF
H'008000 | H'008001 | H'008002 ! Programming unit: 128 bytes —> | H'00807F
H'00BF80! H'00BF81 | H'00BF82 ! ! H'OOBFFI
H'00C000! H'00C001 ! H'00C002 ! Programming unit: 128 bytes —= ' H'00CO7F
H'00FF80 | H'OOFF81 ! H'00FF82 ! " HOOFFFF
H'010000 | H'010001 | H'010002 ! Programming unit: 128 bytes —=  H'01007F
H'017F80 | H'O17F81 | H'017F82 ! " HO17FFF

Figure7.1 Block Configuration of Flash Memory
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721 Flash Memory Control Register 1 (FLMCR1)

FLMCRL is aregister that makes the flash memory change to program mode, program-\
mode, erase mode, or erase-verify mode. For details on register setting, refer to section
Memory Programming/Erasing.

Initial
Bit Bit Name Value R/W Description
7 — 0 — Reserved
This bit is always read as 0.
6 SWE 0 R/W Software Write Enable

When this bit is set to 1, flash memory
programming/erasing is enabled. When this k
cleared to 0, other FLMCR1 register bits and
bits cannot be set.

5 ESU 0 R/W Erase Setup

When this bit is set to 1, the flash memory ch
the erase setup state. When it is cleared to 0,
erase setup state is cancelled. Set this bit to
setting the E bitto 1 in FLMCR1.

4 PSU 0 R/W Program Setup

When this bit is set to 1, the flash memory ch
the program setup state. When it is cleared tc
program setup state is cancelled. Set this bit
before setting the P bit in FLMCR1.

3 EV 0 R/W Erase-Verify

When this bit is set to 1, the flash memory ch
erase-verify mode. When it is cleared to 0, er
mode is cancelled.
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When this bit is set to 1 while SWE=1 and PSL
flash memory changes to program mode. Whe
cleared to 0, program mode is cancelled.

722 Flash Memory Control Register 2 (FLMCR2)

FLMCR2 is aregister that displays the state of flash memory programming/erasing. FLM
read-only register, and should not be written to.

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

Indicates that an error has occurred during an
operation on flash memory (programming or el
When FLER is set to 1, flash memory goes to
protection state.

See section 7.5.3, Error Protection, for details.
6t00 — All O — Reserved
These bits are always read as 0.
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H'00FFFF will be erased.

EB5

RW

When this bit is set to 1, 16 kbytes of H'0080(
H'00BFFF will be erased.

EB4

R/W

When this bit is set to 1, 28 kbytes of H'0010(
H'007FFF will be erased.

EB3

RW

When this bit is set to 1, 1 kbyte of H'000C00
H'000FFF will be erased.

EB2

RW

When this bit is set to 1, 1 kbyte of H'000800
H'000BFF will be erased.

EB1

R/W

When this bit is set to 1, 1 kbyte of H'000400
H'0007FF will be erased.

EBO

R/W

When this bit is set to 1, 1 kbyte of H'000000
H'0003FF will be erased.
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When this bit is 0 and a transition is made to s
mode, the flash memory enters the power-dow
When this bit is 1, the flash memory remains ir
normal mode even after a transition is made tc
subactive mode.

6to0 — AllO

Reserved
These bits are always read as 0.

7.2.5

Flash Memory Enable Register (FENR)

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

Initial

Bit Bit Name Value R/W Description

7 FLSHE 0 R/W Flash Memory Control Register Enable
Flash memory control registers can be access:
this bit is set to 1. Flash memory control regist
cannot be accessed when this bit is set to 0.

6 — 0 R/W Reserved
This bit can be read from or written to, but sho
setto 1.

5t00 — AllO — Reserved

These bits are always read as 0.
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via SCI3. After erasing the entire flash memory, the programming control program is ex
This can be used for programming initial values in the on-board state or for aforcible re
programming/erasing can no longer be done in user program mode. In user program mo
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 LSl State after Reset End
0 1 X X X X User Mode

0 0 1 X X X Boot Mode

1 X X 0 0 0 Programmer Mode

[Legend] X :Don't care.

7.3.1 Boot Mode

Table 7.2 shows the boot mode operations between reset end and branching to the 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 the
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.
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the hit rates of the ho'st and the chip. 'i'o op;erate the SCI properly, set the hosf's trahsfn
and system clock frequency of this LSl within the rangeslisted in table 7.3.

5. Inboot mode, a part of the on-chip RAM areais used by the boot program. The areal
to H'FFFEEF is the area to which the programming control program is transferred fro
host. The boot program area cannot be used until the execution state in boot mode sw
the programming control program.

6. Before branching to the programming control program, the chip terminates transfer of
by SCI3 (by clearing the RE and TE bitsin SCR to 0), however the adjusted bit rate v
remains set in BRR. Therefore, the programming control program can still useit for t
program 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 tt
programming control program. These registers must beinitialized at the beginning of
programming control program, as the stack pointer (SP), in particular, is used implici
subroutine calls, etc.

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

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

Transmits data H'55 when data H'00
is received error-free.

* Calculates bit rate and sets BF
H'00 * Transmits data H'00 to host as

end indication.

H'S5 P H'55 reception
. Y
(2]
g .
; Boot program HFF Checks flash memory data, era
g erase error memory blocks in case of writte
) existing, and transmits data H'A
1S HAA (If erase could not be done, trar
@ H'AA reception < H'FF to host and aborts operati
o

Transfer of number of bytes of
programming control program

\

Transmits number of bytes (N) of
programming control program to be
transferred as 2-byte data
(low-order byte following high-order
byte)

Transmits 1-byte of programming
control program (repeated for N times)

-

Upper bytes, lower bytes

P Echobacks the 2-byte data

Echoback received to host.

HXX Echobacks received data to hos

Echoback > transfers it to RAM.
(repeated for N times)

:

HAA Transmits data H'AA to host.

H'AA reception <

il

\
Branches to programming cont
transferred to on-chip RAM anc
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 secti
Flash Memory Programming/Erasing.
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program in RAIVI |

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

y

Branch to flash memory application
program

Figure7.2 Programming/Erasing Flowchart Examplein User Program M
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74.1 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 f|
will enable data or programs to be written to the flash memory without subjecting the chi
voltage stress or sacrificing program data reliability.

1

Programming must be done to an empty address. Do not reprogram an address to whi
programming has already been performed.
Programming should be carried out 128 bytes at atime. A 128-byte data transfer mus
performed even if writing fewer than 128 bytes. In this case, H'FF data must be writte
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. Per
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 msisallowed.
For adummy write to a verify address, write 1-byte data H'FF to an address whose |«
bits are B'00. Verify data can be read in words or in longwords from the address to w
dummy write was performed.
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- L
[ Wait 5 us | I Apply Write pulse I
1

1
[ Clear PSU bit in FLMCR1 ] [ Set PV bitin FLMCR1 ]
Wait 4
[ Wait 5 us | [ a“ us ]
i Set block start address as
[ Disable WDT | verify address.

| P
1

[__HFF dummy write to verify address |
]

[ Wait 2 us | )*
1

[ Read verify data |

Increment address

[ Clear PV bit in FLMCR1 |

[ Wait 2 us

1
]
e
Yes

Successively write 128-byte data from additional-
programming data area in RAM to flash memory
1 _Sub-Routine-Call
” Apply Write Pulse \

[ Clear SWE bit in FLMCR1 | [ Clear SWE bit in FLMCR1 |
[] 1
[ Wait 100 ps | | Wait 100 ps |

End of programming Programming failure

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

Figure7.3 Program/Program-Verify Flowchart
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Reprogram Data Verify Data Data Comments

0 0 0 Additional-program t
0 1 1 No additional progra
1 0 1 No additional progra
1 1 1 No additional progra

Table7.6  Programming Time

n Programming In Additional

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

7 to 1,000 200 —

Note: Time shown in ps.
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Ooveriovw Cyclice O aPpproxiimiacly 19.0 ITs 1s allOWeU.

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

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

74.3 Interrupt Handling when Programming/Erasing Flash Memory

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

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

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

3. If aninterrupt occurs during boot program execution, normal boot mode segquence i
carried out.
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Y

[ E bit — 0 |
11
I Wait 10 us ]
[ ESU bit < 10 |
Y
| 10 us |
Y
| Disable WDT |
Y
| EV bit < 1 |
Y
[ Wait 20 us |
Y
| Set block start address as verify address |
Y
|_H'FF dummy write to verify address |
| Wait 2 us | )*
Y | n«n+1
| Read verify data |
. No
:Increment:address Verify data + all 1s ?
No
Last address of block ?
| EV bit 0 ] | EV bit < 0 ]
Y Y
Wait 4 us | Wait 4118 |
Ye
<100 ? 28
No
| SWE bit < 0 | [ SWE bit < 0 |
Y Y
| 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

Figure7.4 Erase/Erase-Verify Flowchart
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entered unless the RES pin is held low until oscillation stabilizes after powering on. Int
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 is in effect, setting the
in FLMCR1 does not cause a transition to program mode or erase mode. By setting the
register 1 (EBR1), erase protection can be set for individual blocks. When EBR1 is set t
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 forcibly aborted. Aborting the program/er
operation 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 areaiis 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
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7.7 Power-Down Statesfor Flash Memory
In user mode, the flash memory will operatein either of the following states:

o 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 thisL S| 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 f
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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Ho/ool40 O KDOyles ArFFeECVU 10 A FFErFFF,
H'FFFB80 to HFFFF7F

H8/36047 3 kbytes H'FFE800 to H'FFEFFF,
H'FFFB80 to HFFFF7F

Note: * When the E7 or E8 is used, area H'FFF780 to H'FFFB7F must not be access
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For functionsin each port, see appendix B.1, I/O Port Block Diagrams. For the executic
mani pulation instructions to the port control register and port data register, see section 2

Manipulation Instruction.

9.1 Port 1

Port 1 isageneral 1/0O port also functioning as IRQ interrupt input pins, an RTC output |
bit PWM output pin, atimer B1 input pin, and atimer V input pin. Figure 9.1 shows its

configuration.

Port 1

P17/IRQ3/TRGV
P16/IRQ2
P15/IRQ1/TMIB1
P14/IRQ0

P12

P11/PWM
P10/TMOW

Figure9.1 Port 1 Pin Configuration

Port 1 has the following registers.

e Port moderegister 1 (PMR1)
e Port control register 1 (PCR1)
e Port dataregister 1 (PDR1)

e Port pull-up control register 1 (PUCR1)
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0: General I/O port
1: IRQ2 input pin

5 IRQ1 0 R/W Selects the function of pin P15/IRQ1/TMIB1.
0: General 1/O port
1: IRQ1/TMIB1 input pin

4 IRQO 0 R/W Selects the function of pin P14/IRQO.
0: General 1/O port
1: IRQO input pin

3 TXD2 0 R/W Selects the function of pin P72/TXD_2.
0: General I/O port
1: TXD_2 output pin

2 PWM 0 R/W Selects the function of pin P11/PWM.
0: General 1/O port
1: PWM output pin

1 TXD 0 R/W Selects the function of pin P22/TXD.
0: General I/O port
1: TXD output pin

0 TMOW 0 R/W Selects the function of pin P10/TMOW.
0: General 1/O port
1: TMOW output pin
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3 — — —
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 set to 1,
5 P15 0 R/W stored in PDR1 are read. If PDR1 is read whi

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

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

e 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.

e 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 TRQ2 input pin

[Legend] X: Don't care.

Rev. 3.00 Mar. 15,2006 Page 114 of 526
REJ09B0060-0300 RENESAS



Tylotl FIvirN L LA 4 A

Bit Name IRQO PCR14 Pin Function

Setting value 0 0 P14 input pin

1 P14 output pin

1 X IRQO input pin

[Legend] X: Don't care.

e P12pin

Register PCR1

Bit Name PCR12 Pin Function

Setting value 0

P12 input pin

1

P12 output pin

e P11/PWM pin
Register PMR1 PCR1
Bit Name PWM PCR11 Pin Function
Setting value 0 0 P11 input pin
1 P11 output pin
1 X PWM output pin

[Legend]

X: Don't care.

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

~<~— p24
~<~— p23
Port2 |<«— p22/TXD
~— P21/RXD
<—> P20/SCK3

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

o Port control register 2 (PCR2)
o Port dataregister 2 (PDR2)
o Port mode register 3 (PMR3)
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3 PCR23 0 W YCliidl VU PUIL STy a Funca Vit U 1 1HTHARC
corresponding pin an output port, while cleari

2 PCR22 0 W to 0 makes the pin an input port.

1 PCR21 0 w

0 PCR20 0 w

922 Port Data Register 2 (PDR2)

PDR2 isageneral /O port data register of port 2.

Initial
Bit Bit Name Value R/W Description
7 — 1 — Reserved
6 — 1 — These bits are always read as 1.
5 — 1 —
4 P24 0 R/W PDR2 stores output data for port 2 pins.
3 P23 0 R/W If PDR2 is read while PCR2 bits are setto 1,
2 P22 0 R/W stored in PDR2 are read. If PDR2 is read whi
bits are cleared to 0, the pin states are read r
1 P21 0 R/W of the value stored in PDR2.
0 P20 0 R/W
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3 POF23 0 R/W Ny FiVivo allu it idlivlivlio do UIC INIVIVo UPCTHE
output. When cleared to 0, the pin functions as
CMOS output.
2 — 1 — Reserved
— 1 — These bits are always read as 1.
0 — 1 —

924 Pin Functions

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

e P24pin
Register PCR2
Bit Name PCR24 Pin Function
Setting Value 0 P24 input pin
1 P24 output pin
e P23pin
Register PCR2
Bit Name PCR23 Pin Function
Setting Value 0 P23 input pin
1 P23 output pin
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Bit Name RE PCR21 Pin Function
Setting Value 0 0 P21 input pin
1 P21 output pin
1 X RXD input pin
[Legend] X: Don't care.
e P20/SCK3 pin
Register SCR3 SMR PCR2
Bit Name CKE1l CKEO COM PCR20 Pin Function
Setting Value 0 0 0 0 P20 input pin
1 P20 output pin
0 1 X SCKS output pin
1 X X SCKS output pin
1 X X X SCKS input pin
[Legend] X: Don't care.
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<+—> P31
<— P30

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

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

931 Port Control Register 3 (PCR3)
PCRS3 selects inputs/outputs in bit units for pins to be used as general 1/0 ports of port 3.
Initial
Bit Name Value
PCR37
PCR36
PCR35
PCR34
PCR33
PCR32

PCR31
PCR30

@
.
=

Description

Setting a PCR3 bit to 1 makes the correspondi
an output port, while clearing the bit to 0 make
an input port.

O = N W d» 0O N
O O O O O o o o
=T =z =z=sz=sxs
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3 P33
2 P32
1 P31
0 P30

o O O o

R/W
RW
R/W

9.3.3 Pin Functions

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

e P37pin

Register PCR3

Bit Name PCR37 Pin Function

Setting Value 0 P37 input pin
1 P37 output pin

e P36 pin

Register PCR3

Bit Name PCR36 Pin Function

Setting Value 0 P36 input pin

P36 output pin

RENESAS
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Setting Value 0 P34 input pin
1 P34 output pin

e P33pin

Register PCR3

Bit Name PCR33 Pin Function

Setting Value 0 P33 input pin
1 P33 output pin

e P32pin

Register PCR3

Bit Name PCR32 Pin Function

Setting Value 0 P32 input pin
1 P32 output pin

e P3lpin

Register PCR3

Bit Name PCR31 Pin Function

Setting Value 0 P31 input pin

P31 output pin
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Mitl, dllUd a VWakTup HILSHTUpL iiput pitl. Eaol Pitl Ol uic puit o 1o JNVWIH T Hygulc 9.4, 111
setting of the I°C bus interface has priority for functions of the pins P57/SCL and P56/S
the output buffer for pins P56 and P57 has the NMOS push-pull structure, it differs fron
buffer with the CMOS structure in the high-level output characteristics (see section 23,
Characterigtics).

~<— P57/SCL

~<+—— P56/SDA

~— P55/WKP5/ADTRG
~— P54/WKP4

Port 5
~— P53/WKP3
~<— P52/WKP2

~— P51/WKP1

~— P50/WKPO

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

o Port mode register 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 1/O port
1: WKP5/ADTRG input pin

4 WKP4 0 R/W

Selects the function of pin P54/WKP4.
0: General I/O port
1: WKP4 input pin

3 WKP3 0 R/W

Selects the function of pin P53/WKP3.
0: General I/O port
1: WKP3 input pin

2 WKP2 0 R/W

Selects the function of pin P52/WKP2.
0: General 1/O port
1: WKP2 input pin

1 WKP1 0 R/W

Selects the function of pin P51/WKP1.
0: General I/O port
1: WKP1 input pin

0 WKPO 0 RW

Selects the function of pin P50/WKPO.
0: General 1/O port
1: WKPO input pin
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3 0 w
2 PCR52 0 w
1 PCR51 0 w
0 PCR50 0 w

94.3 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 PDRS5 stores output data for port 5 pins.
6 P56 0 R/W If PDR5 is read while PCR5 bits are set to 1,
5 P55 0 R/W stored in PDR5 are read. If PDR5 is read whi
bits are cleared to 0, the pin states are read r
4 P54 0 R/W of the value stored in PDR5.
3 P53 0 R/W
2 P52 0 R/W
1 P51 0 R/W
0 P50 0 R/W
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3 PUCR53 0 R/W state when these bits are cléared to 0.1
2 PUCR52 0 R/W
1 PUCR51 0 R/W
0 PUCR50 O R/W

9.4.5 Pin Functions

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

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

[Legend] X: Don't care.

SCL performs the NMOS open-drain output, that enables a direct bus drive.
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e P55/WKP5/ADTRG pin

Register PMR5 PCR5
Bit Name WKP5 PCR55 Pin Function
Setting Value 0 0 P55 input pin
1 P55 output pin
1 X WKP5/ADTRG input pin

[Legend] X: Don't care.

e P54/WKP4 pin

Register PMR5 PCR5
Bit Name WKP4 PCR54 Pin Function
Setting Value 0 0 P54 input pin
1 P54 output pin
1 X WKP4 input pin

[Legend] X: Don't care.

e P53/WKP3 pin

Register PMR5 PCR5
Bit Name WKP3 PCR53 Pin Function
Setting Value 0 0 P53 input pin
1 P53 output pin
1 X WKP3 input pin

[Legend] X: Don't care.
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Bit Name WKP1 PCR51 Pin Function
Setting Value 0 0 P51 input pin
1 P51 output pin
1 X WKP1 input pin
[Legend] X: Don't care.
e P50/WKPO pin
Register PMR5 PCR5
Bit Name WKPO PCR50 Pin Function
Setting Value 0 0 P50 input pin
1 P50 output pin
1 X WKPO input pin

[Legend]

X: Don't care.
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~— P62/FTIOCO
~<— P61/FTIOBO
~—> P60/FTIOAO

Figure9.5 Port 6 Pin Configuration
Port 6 has the following registers.
o Port control register 6 (PCR6)
e Port dataregister 6 (PDR6)
951 Port Control Register 6 (PCR6)

PCR6 selects inputs/outputs in bit units for pins to be used as general 1/O ports of port 6

Initial
Bit Bit Name Value R/W Description
7 PCR67 0 w When each of the port 6 pins P67 to P60 func
6 PCR66 0 W general I/O port, setting a PCR6 bit to 1 make
corresponding pin an output port, while cleari
S PCR65 0 W to 0 makes the pin an input port.
4 PCR64 0 w
3 PCR63 0 w
2 PCR62 0 w
1 PCR61 0 w
0 PCR60 0 w
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2 P62 0 R/W
1 P61 0 RW
0 P60 0 R/W

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

e P67/FTIOD1 pin

Register TOER TFCR TPMR TIORC1 PCR6
CMD1, I0D2 to
Bit Name ED1 CMDO PWMD1 10D0 PCR67 Pin Funct
Setting Value 1 00 0 000 or1XX 0 P67 input/
input pin
1 P67 outpL
0 00 0 001 or 01X X FTIOD1 0
1 XXX
Other than X XXX
00

[Legend] X: Don't care.
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Other than X XXX

00
X: Don't care.
PE5/FTIOB1 pin
TFCR TPMR TIORAL PCR6
CMD1, I0B2 to
CMDO PWMB1 10BO PCR65 Pin Fun
Setting Value 00 0 000or1XX O P65 inpu
input pin
1 P65 outr
00 0 001 or01X X FTIOB1 |
1 XXX
Otherthan X XXX
00
X: Don't care.
PB64/FTIOAL pin
TFCR TIORA1 PCR6
CMD1, CMDO I0A2to IOAO0 PCR64 Pin Fun
Setting Value XX 000 or 1XX 0 P64 inpu
input pin
1 P64 outy
00 001 or 01X X FTIOA1

X: Don't care.
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00

[Legend] X: Don't care.

e P62/FTIOCO pin

Register TOER TFCR TPMR TIORCO PCR6
CMD1, I0C2 to
Bit Name ECO CMDO PWMCO 10CO PCR62 Pin Funct
Setting Value 1 00 0 000o0r1XX O P62 input/
input pin
1 P62 outpu
0 00 0 001 or 01X X FTIOCO o
1 XXX
Otherthan X XXX
00
[Legend] X: Don't care.
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00

[Legend]

X: Don't care.

e PE0O/FTIOAO pin

Register TOER TFCR TFCR TIORAO PCR6
CMD1, I0A2 to
Bit Name EAO CMDO STCLK I0AO PCR60 Pin Fun
Setting 1 XX X 000 or 0 P60 inpu
input pin
Value 1XX 1 P60 outf
0 00 0 001 or01X X FTIOAO
[Legend] X: Don't care.
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<—> P72/TXD_2
~<—> P71/RXD_2
~<— P70/SCK3_2

Figure9.6 Port 7 Pin Configuration
Port 7 has the following registers.
e Port control register 7 (PCR7)
e Port dataregister 7 (PDR7)
9.6.1 Port Control Register 7 (PCR7)

PCRY selects inputs/outputs in bit units for pins to be used as general 1/0 ports of port 7.

Initial

Bit Bit Name Value R/W Description
7 PCR77 0 w When each of the port 7 pins P77 to P74 and |
6 PCR76 0 W P70 functions as a generall I/0 port, settinga F

to 1 makes the corresponding pin an output pc
S PCR75 0 W clearing the bit to 0 makes the pin an input por
4 PCR74 0 W Bit 3 is a reserved bit.
3 — — —
2 PCR72 0 w
1 PCR71 0 w
0 PCR70 0 w
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3 - 1 — Bit 3 is a reserved bit. This bit is always read
2 P72 0 R/W
1 P71 0 R/W
0 P70 0 R/W

9.6.3 Pin Functions

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

e P77pin

Register PCR7

Bit Name PCR77 Pin Function
Setting Value 0 P77 input pin

1 P77 output pin

e P76/TMOV pin

Register TCSRV PCR7
Bit Name 0S3to OSO0 PCR76 Pin Function
Setting Value 0000 0 P76 input pin
1 P76 output pin
Otherthan X TMOV output pin
above

[Legend] X: Don't care.
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Setting Value 0

P74 input/TMRIV input pin

1

P74 output/TMRIV input pin

e P72/TXD_2pin

Register PMR1 PCR7
Bit Name TXD2 PCR72 Pin Function
Setting Value 0 0 P72 input pin
1 P72 output pin
1 X TXD_2 output pin
[Legend] X: Don't care.
e P71/RXD_2pin
Register SCR3_2 PCR7
Bit Name RE PCR71 Pin Function
Setting Value 0 0 P71 input pin
1 P71 output pin
1 X RXD_2 input pin

[Legend] X: Don't care.
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9.7

Port 8

Port 8isageneral /0O port also functioning as atimer W 1/O pin. Each pin of the port 8
in figure 9.7. The register setting of the timer W has priority for functions of the pins P¢
P83/FTIOC, P82/FTIOB, and PBL/FTIOA. The PBO/FTCI pin also functions as atimer

port that is connected to the timer W regardless of the register setting of port 8.

Port 8

—>

P87

P86

P85
P84/FTIOD
P83/FTIOC
P82/FTIOB
P81/FTIOA
P80/FTCI

Figure9.7 Port 8 Pin Configuration

Port 8 has the following registers.

Port control register 8 (PCR8)
Port data register 8 (PDR8)
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3 0 w
2 PCR82 0 w
1 PCR81 0 w
0 PCR80 0 w

9.7.2 Port Data Register 8 (PDR8)

PDR8 isageneral |/O port data register of port 8.

Initial
Bit Bit Name Value R/W Description
7 P87 0 R/W PDRS8 stores output data for port 8 pins.
6 P86 0 R/W If PDRS8 is read while PCRS8 bits are set to 1, tt
5 P85 0 R/W stored in PDR8 are read. If PDR8 is read while
bits are cleared to 0, the pin states are read re
4 P84 0 R/W of the value stored in PDRS.
3 P83 0 R/W
2 P82 0 R/W
1 P81 0 R/W
0 P80 0 R/W
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e P86 pin

Register PCRS8

Bit Name PCR86 Pin Function
Setting Value 0 P86 input pin

1 P86 output pin

e P85pin

Register PCRS8

Bit Name PCR85 Pin Function
Setting Value 0 P85 input pin

P85 output pin

e PB4/FTIOD pin

Register TMRW TIOR1 PCRS8
Bit Name PWMD IOD2 |OD1 I0D0 PCR84 Pin Function
Setting Value 0 0 0 0 P84 input/FTIOD ing
1 P84 output/FTIOD ir
0 1 X FTIOD output pin
X X FTIOD output pin
X X 0 P84 input/FTIOD ing
1 P84 output/FTIOD ir
1 X X X X PWM output
[Legend] X: Don'tcare.
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1 X X X X

PWIM output

[Legend] X: Don'tcare.

o P82/FTIOB pin

Register TMRW TIORO PCRS8
Bit Name PWMB I0B2 I10B1 I0BO PCR82 Pin Function
Setting Value 0 0 0 0 0 P82 input/FTIOB inpL
1 P82 output/FTIOB iny
0 1 X FTIOB output pin
1 X X FTIOB output pin
1 X X 0 P82 input/FTIOB inpL
1 P82 output/FTIOB iny
1 X X X X PWM output

[Legend] X: Don'tcare.
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|[Legenaq|

e P8O/FTCI pin
Register PCRS8

A bontcare.

Bit Name PCR80

Pin Function

Setting Value 0

P80 input/FTCI input pin

1

P80 output/FTCI input pin

9.8 Port 9

Port 9isageneral 1/0 port also functioning as an SCI3_3 1/0 pin. Each pin of the port ¢
in figure 9.8. The register setting of the SCI3_3 has priority for functions of the pinsfor

~—> P97
~—> P96
<~—> P95
<—> P94

Port 9 P93

<—» P92/TXD_3

<— P91/RXD_3
<— P90/SCK3_3

Figure9.8 Port 9 Pin Configuration
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7 PCR97 0 w When each of the port 9 pins P97 to P90 funct

6 PCR96 0 W general I/O port, setting a PCR9 bit to 1 make:
corresponding pin an output port, while clearin

5 PCR95 0 W to 0 makes the pin an input port.

4 PCR94 0 w

3 PCR93 0 w

2 PCR92 0 w

1 PCR91 0 w

0 PCR90 0 w

9.8.2 Port Data Register 9 (PDR9)

PDR9 isageneral /O port data register of port 9.

Initial
Bit Bit Name Value R/W Description
7 P97 0 R/W PDR9 stores output data for port 9 pins.
6 P96 0 R/W If PDR9 is read while PCR9 bits are set to 1, tt
5 P95 0 R/W stored in PDR9 are read. If PDR9 is read while
bits are cleared to 0, the pin states are read re
4 P94 0 R/W of the value stored in PDR9.
3 P93 0 R/W
2 P92 0 R/W
1 P91 0 R/W
0 P90 0 R/W
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e P96 pin

Register PCR9
Bit Name PCR96 Pin Function
Setting Value 0 P96 input pin
1 P96 output pin
e P95pin
Register PCR9
Bit Name PCR95 Pin Function
Setting Value 0 P95 input pin
1 P95 output pin
e P9 pin
Register PCR9
Bit Name PCR94 Pin Function
Setting Value 0 P94 input pin
1 P94 output pin
e P93pin
Register PCR9
Bit Name PCR93 Pin Function
Setting Value 0 P93 input pin

P93 output pin

RENESAS
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cylotld LDl v muoi\Jd

Bit Name RE PCR91 Pin Function
Setting Value 0 0 P91 input pin
1 P91 output pin
1 X RXD_8 input pin
[Legend] X: Don't care.
e PO0/SCK3 3pin
Register SCR3_3 SMR3_3 PCR9
Bit Name CKE1l CKEO COM PCR90 Pin Function
Setting Value 0 0 0 0 P90 input pin
1 P90 output pin
0 1 X SCKS_3 output p
1 X X SCKS_3 output p
X X X SCK3_3 input pin
[Legend] X: Don't care.
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~—— PB2/AN2
~<—— PB1/AN1
~—— PBO0/ANO

Figure9.9 Port B Pin Configuration
Port B has the following register.

o Port dataregister B (PDRB)

991 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
6 PB6 s R register.
5 PB5 . R However, if a port B pin is designated as an ¢
input channel by ADCSR of A/D converter, 0
4 PB4 — R
3 PB3 — R
2 PB2 — R
1 PB1 — R
0 PBO — R
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Readable/writable counter of seconds, minutes, hours, and day-of-week with BCD ¢
Periodic (seconds, minutes, hours, days, and weeks) interrupts
8-hit free running counter
Selection of clock source

32-kHz
oscillator f—»
circuit

PSS

1/4

I RSECDR
> RMINDR

TMOW<+—

Clock count

control circuit

RHRDR
RWKDR

Internal data bus

1

[Legend]

RTCCSR: Clock source select register

RTCCR1
— RTCCR2

NS

Interrupt

control circuit

——— Interryy

RSECDR: Second date register/free running counter data register
RMINDR: Minute date register
RHRDR: Hour date register
RWKDR: Day-of-week date register
RTCCR1: RTC control register 1
RTCCR2: RTC control register 2
PSS: Prescaler S

Figure10.1 Block Diagram of RTC

Rev. 3.00 Mar. 15, 2006 Pag

RENESAS

REJOS



The RTC hasthe following registers.

e Second data register/free running counter data register (RSECDR)
e Minute dataregister (RMINDR)

e Hour dataregister (RHRDR)

o Day-of-week dataregister (RWKDR)

e RTC control register 1 (RTCCR1)

e RTC control register 2 (RTCCR2)

o Clock source select register (RTCCSR)
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data registers. When this bit is 0, the values ¢
minute, hour, and day-of-week data registers
adopted.

6 SC12 R/W Counting Ten's Position of Seconds

5 SC11 R/W Counts on 0 to 5 for 60-second counting.

4 SC10 R/W

3 SCO03 R/W Counting One's Position of Seconds

2 SCo02 R/W Counts on 0 to 9 once per second. When a c:
1 SCo1 R/W generated, 1 is added to the ten's position.

0 SC00 R/W
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minute, hour, and day-of-week data registers n
adopted.

6 MN12 R/W Counting Ten's Position of Minutes

5 MN11 R/W Counts on 0 to 5 for 60-minute counting.

4 MN10 R/W

3 MNO3 R/W Counting One's Position of Minutes

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

0 MNOO R/W
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data registers. When this bit is 0, the values ¢
minute, hour, and day-of-week data registers
adopted.

6 — — Reserved
This bit is always read as 0.
5 HR11 R/W Counting Ten's Position of Hours
4 HR10 R/W Counts on 0 to 2 for ten's position of hours.
3 HRO3 R/W Counting One's Position of Hours
2 HRO02 R/W Counts on 0 to 9 once per hour. When a carn
1 HRO1 R/W generated, 1 is added to the ten's position.
0 HRO0O0 R/W
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minute, hour, and day-of-week data registers n

adopted.
6 — 0 — Reserved
5 — 0 — These bits are always read as 0.
4 — 0 —
3 — 0 —
2 WK2 — R/W Day-of-Week Counting
1 WK1 — R/W Day-of-week is indicated with a binary code
0 WKO — R/W 000: Sunday

001: Monday

010: Tuesday

011: Wednesday

100: Thursday

101: Friday

110: Saturday

111: Reserved (setting prohibited)
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0: RTC operates in 12-hour mode. RHRDR c
to 11.

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

PM

R/W

a.m./p.m.
0: Indicates a.m. when RTC is in the 12-hour
1: Indicates p.m. when RTC is in the 12-hour

RST

R/W

Reset
0: Normal operation

1: Resets registers and control circuits excep
and this bit. Clear this bit to 0 after having t
1.

INT

R/W

Interrupt Generation Timing

0: Generates a second, minute, hour, or day-
periodic interrupt during RTC busy period.

1: Generates a second, minute, hour, or day-
periodic interrupt immediately after comple
busy period.

—_

o

Reserved
These bits are always read as 0.
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e

FOIE

R/W

Free Running Counter Overflow Interrupt Ene
0: Disables an overflow interrupt
1: Enables an overflow interrupt

WKIE

R/W

Week Periodic Interrupt Enable
0: Disables a week periodic interrupt
1: Enables a week periodic interrupt

DYIE

R/W

Day Periodic Interrupt Enable
0: Disables a day periodic interrupt
1: Enables a day periodic interrupt

HRIE

R/W

Hour Periodic Interrupt Enable
0: Disables an hour periodic interrupt

1: Enables an hour periodic interrupt

MNIE

R/W

Minute Periodic Interrupt Enable
0: Disables a minute periodic interrupt
1: Enables a minute periodic interrupt

SEIE

R/W

Second Periodic Interrupt Enable
0: Disables a second periodic interrupt
1: Enables a second periodic interrupt
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7 — 0 — Reserved

This bit is always read as 0.
RCS6 0 R/W Clock Output Selection
RCS5 0 R/W Selects a clock output from the TMOW pin whe

TMOW in PMR1 to 1.
00: ¢/4
01: ¢/8
10: ¢/16
11: ¢/32

4 — 0 — Reserved
This bit is always read as 0.

3 RCS3 1 R/W Clock Source Selection

2 RCS2 0 R/W 0000: ¢/f8:-+-ererenerenene Free running counter oper

1 RCS1 0 R/W 0001 ¢/32:---eveeneneeee Free running counter oper

0 RCS0 0 R/W 0010: ¢/128-+-+-eeveve Free running counter oper
0011: ¢/256:-+------ Free running counter oper
0100: ¢/512--eeveveee Free running counter opet
0101: ¢/2048---------- Free running counter opel
0110: ¢/4096:-------- Free running counter opel
0111: ¢/8192-------. Free running counter opel
1XXX: 32.768 kHz---RTC operation

[Legend]

X:  Don't care

Rev. 3.00 Mar. 15,2006 Page 156 of 526

REJ09B0060-0300

RENESAS



Figure 10.3 shows the procedure for theinitial setting of the RTC. To set the RTC agair

follow this procedure.

| RUNin RTCCR1=0

| RSTin RTCCR1=1

| RSTin RTCCR1=0

Set RTCCSR, RSECDR,
RMINDR,RHRDR,
RWKDR,12/24 in
RTCCR1, and PM

RUN in RTCCR1=1

]

]

RTC operation is stopped.

RTC registers and clock count
controller are reset.

Clock output and clock source are
selected and second, minute, hour,
day-of-week,operating mode, and
a.m/p.m are set.

RTC operation is started.

Figure10.3 Initial Setting Procedure
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bit is set to 1, the registers are updated, and the BSY bit is cleared to 0.

2. Making use of interrupts, read from the second, minute, hour, and day-of week registe
the IRRTA flag in IRR1 is set to 1 and the BSY bit is confirmed to be O.

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

Before update RWKDR=H'03, RHDDR = H'13, RMINDR = H'46, RSECDR = H'59
BSY bit=0

(1) Day-of-week data register read H'03
(2) Hour data register read H'13
(3) Minute data register read H'46

Processing flow

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

(4) Second data register read H'00

Figure10.4 Example: Reading of I naccurate Time Data
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lanie 1U.2 Interrupt sources

Interrupt Name Interrupt Source Interrupt En
Overflow interrupt Occurs when the free running counter is FOIE
overflown.

Week periodic interrupt

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

Day periodic interrupt

Occurs every day when the day-of-week date DYIE
register is counted.

Hour periodic interrupt

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

Minute periodic interrupt

Occurs every minute when the minute date MNIE
register is counted.

Second periodic interrupt

Occurs every second when the second date SCIE
register is counted.
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TMBH1 - >
¢—»| pss - E
> TCB1 ©
> \ 3
TMIB1 g
o
£
TLB1
[Legend]
TMB1:  Timer mode register B1
TCB1:  Timer counter B1
TLB1:  Timer load register B1
IRRTB1: Timer B1 interrupt request flag
PSS: Prescaler S
TMIB1: Timer B1 event input — IRRTB1
Figure1l.1 Block Diagram of Timer B1
11.2  Input/Output Pin
Table 11.1 shows the timer B1 pin configuration.
Table11.1 Pin Configuration
Name Abbreviation I/O Function
Timer B1 event input TMIBA Input Event input to TCB1
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Initial
Bit Bit Name Value R/W Description
7 TMB17 0 R/W Auto-Reload Function Select
0: Interval timer function selected
1: Auto-reload function selected
6 — 1 — Reserved
5 — 1 — These bits are always read as 1.
4 — 1 —
3 — 1 —
2 TMB12 0 R/W  Clock Select
1 TMB11 0 R/W 000: Internal clock: ¢/8192
0 TMB10 0 R/W 001: Internal clock: /2048

010:
011:
100:
101:
110:
111:

Internal clock: ¢/512

Internal clock: /256

Internal clock: ¢/64

Internal clock: ¢/16

Internal clock: ¢/4

External event (TMIB1): rising or falling e

Note: * The edge of the external event signal

selected by bit IEG1 in the interrupt e
select register 1 (IEGR1). See sectior
Interrupt Edge Select Register 1 (IEG
details. Before setting TMB12 to TME
IRQ1 in the port mode register 1 (PM
should be set to 1.
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TLbiliodl oyt wiitc Ullly 1Tylottl TUI octlliy UdiT 1TiVad vaut Ul 1T LD L. VVIICIT al iU
setin TLB1, the samevaueisloaded into TCB1 aswell, and TCB1 starts counting up f
value. When TCB1 overflows during operation in auto-reload mode, the TLB1 value is
into TCB1. Accordingly, overflow periods can be set within the range of 1 to 256 input
TLB1 isallocated to the same address as TCB1. TLB1 isinitialized to H'00.

114  Operation

1141 Interval Timer Operation

When bit TMB17 in TMB1 iscleared to O, timer B1 functions as an 8-bit interval timer.
reset, TCB1l is cleared to H'00 and bit TMB17 is cleared to 0, so up-counting and interv
resume immediately. The operating clock of timer B1 is selected from seven internal clc
output by prescaler S, or an external clock input at pin TMB1. The selection is made by
TMB12to TMB10in TMB1.

After the count value in TMB1 reaches H'FF, the next clock signal input causestimer B
overflow, setting flag IRRTB1in IRR2to 1. If IENTB1inIENR2is1, aninterrupt isre
the CPU.

At overflow, TCB1 returnsto H'00 and starts counting up again. During interval timer ¢
(TMB17 = 0), when avalueis set in TLB1, the same valueis set in TCB1.
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TCBL1.

11.4.3 Event Counter Operation

Timer B1 can operate as an event counter in which TMIB1 is set to an event input pin. E
event counting is selected by setting bits TMB12 to TMB10in TMB1to 1. TCB1 counts
rising or falling edge of an external event signal input at pin TMBL1.

When timer B1 is used to count external event input, bit IRQ1 in PMR1 should be set to .

IEN1 in IENR1 should be cleared to O to disable IRQ1 interrupt requests.

115 Timer B1 Operating M odes

Table 11.2 shows the timer B1 operating modes.

Table11.2 Timer B1 Operating Modes

Operating Mode Reset Active Sleep Subactive  Subsleep St

TCB1 Interval Reset Functions Functions Halted Halted Ha
Auto-reload  Reset Functions Functions Halted Halted Ha

TMB1 Reset Functions Retained Retained Retained Re
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Choice or seven clocKk signalsis avallanle.
Choice of six internal clock sources (¢/128, ¢/64, ¢/32, ¢/16, 6/8, $/4) or an external

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

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

Three interrupt sources. compare match A, compare match B, timer overflow
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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L__control - y
XL | Interrupt
> request
5 ~| control
utput

[Legend]
TCORA: Time constant register A TCRV1: Timer control register V1
TCORB: Time constant register B PSS: Prescaler S — 8”:
TCNTV: Timer counter V CMIA: Compare-match interrupt A —

TCSRV: Timer control/status register V CMIB: Compare-match interrupt B
TCRVO: Timer control register VO OVI: Overflow interupt

Figure12.1 Block Diagram of Timer V
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12.3  Register Descriptions

TimeV hasthe following registers.

Timer counter V (TCNTV)

Timer constant register A (TCORA)
Timer constant register B (TCORB)
Timer control register VO (TCRVO)
Timer control/status register V (TCSRV)
Timer control register V1 (TCRV1)

12.3.1 Timer Counter V (TCNTV)

TCNTV isan 8-bit up-counter. The clock sourceis selected by bits CKS2 to CKS0 in til
control register VO (TCRVO0). 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, OVF isset to 1 in timer control/status register V (TCSRV).

TCNTV isinitialized to H'00.
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and the settings or DIS Voo 10 VSV IN TLORV.

TCORA and TCORB areinitialized to H'FF.
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vvnen this bit Is set to 1, interrupt request Tror
CMFA bit in TCSRYV is enabled.

OVIE

R/W

Timer Overflow Interrupt Enable

When this bit is set to 1, interrupt request fror
bit in TCSRV is enabled.

CCLR1
CCLRO

R/W
R/W

Counter Clear 1 and 0

These bits specify the clearing conditions of 1
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 |
operation of TCNTYV after clearing depenc
TRGE in TCRV1.

—_

CKS2
CKS1
CKS0

o

R/W
R/W
R/W

Clock Select2t0 0

These bits select clock signals to input to TCI
the counting condition in combination with ICl
TCRVI1.

Refer to table 12.2.

Rev. 3.00 Mar. 15, 2006 Pag

RENESAS REJOS



1 0 Internal clock: counts on ¢/64, falling ¢
1 Internal clock: counts on ¢/128, falling
1 0 0 — Clock input prohibited
1 — External clock: counts on rising edge
1 0 — External clock: counts on falling edge
1 — External clock: counts on rising and fe

edge

12.34 Timer Control/Status Register V (TCSRV)

TCSRYV indicates the status flag and controls outputs by using a compare match.

Initial

Bit Bit Name Value R/W Description
7 CMFB 0 R/W Compare Match Flag B

Setting condition:

When the TCNTV value matches the TCORB

Clearing condition:

After reading CMFB = 1, cleared by writing O tc
6 CMFA 0 R/W Compare Match Flag A

Setting condition:

When the TCNTV value matches the TCORA
Clearing condition:

After reading CMFA = 1, cleared by writing O t«
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2 0S2 0 R/W These bits select an output method for the TC
the compare match of TCORB and TCNTV.

00: No change

01: 0 output
10: 1 output
11: Output toggles
0Os1 0 R/W Output Select 1 and 0
0 (O]0] 0 R/W These bits select an output method for the TC

the compare match of TCORA and TCNTV.
00: No change

01: 0 output

10: 1 output

11: Output toggles

0OS3 and OS2 select the output level for compare match B. OS1 and OSO select the outy
for compare match A. The two output levels can be controlled independently. After are
timer output is O until the first compare match.
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0 R/W ‘Inese DIts select the 1RGV 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

2 TRGE 0 R/W TCNT starts counting up by the input of the ed
is selected by TVEG1 and TVEGO.

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

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

1 — 1 — Reserved
This bit is always read as 1.
0 ICKSO 0 R/W Internal Clock Select 0

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

Refer to table 12.2.
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will be set. Thetiming at thistimeis shown in figure 12.4. Aninterrupt request is se
CPU when OVIEIin TCRVOis 1.

. TCNTV is constantly compared with TCORA and TCORB. Compare match flag A |
(CMFA or CMFB) is set to 1 when TCNTV matches TCORA or TCORB, respectiv
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 CI
TCRVOis1.

. When acompare match A or B is generated, the TMOV responds with the output va
selected by bits OS3 to OS0 in TCSRV. Figure 12.6 shows the timing when the outy
toggled by compare match A.

. When CCLR1 or CCLROin TCRVO0is01 or 10, TCNTV can be cleared by the corre
compare match. Figure 12.7 shows the timing.

. When CCLR1 or CCLROin TCRVO0is11, TCNTV can be cleared by the rising edg
input of TMRIV pin. A TMRIV input pulse-width of at least 1.5 system clocksis ne
Figure 12.8 shows the timing.

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

TMCIV ()()

(Exterqal clock | ( |
input pin) \\ \§ \‘
TCNTV input

clock I_l

(( (
TCNTV N-1 X [0 N ><:;’(’ N+ 1
)) )

Figure12.3 Increment Timing with External Clock

: I R B B B I I S A e

TCNTV H'FF X H'00

Overflow signal |zA |
OVF I

Figure12.4 OVF Set Timing
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Figure125 CMFA and CMFB Set Timing

Compare match
A signal ((
; )7 \ |_

((
Timer V output )Y |
pin 4|

Figure12.6 TMOV Output Timing

Compare match I_l
A signal

L

TCNTV N X H'00

Figure12.7 Clear Timing by Compare Match
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125 Timer V Application Examples

1251 Pulse Output with Arbitrary Duty Cycle
Figure 12.9 shows an example of output of pulses with an arbitrary duty cycle.

1. Set bits CCLR1 and CCLRO in TCRVO so that TCNTV will be cleared by compare i
TCORA.

2. Set bits OS3 to OS0 in TCSRV so that the output will go to 1 at compare match with
and to 0 at compare match with TCORB.

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

A
HFF

TCORA

TCORB

H'00

TMOV i i i |_| i i

Figure12.9 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. With these settings, a pulse waveform will be output without further software intervs
with adelay determined by TCORA from the TRGV input, and a pulse width detern

(TCORB — TCORA).

TCNTV value
A
HEF L .
RO 0] - R e e
TCORA oo -
H00 > Tim
TRGV ? .
TMOV «
\ l \ i
Compare match A Compare match A *
Compare match B Compare match B
clears TCNTV and clears TCNTV and
halts count-up halts count-up

Figure12.10 Example of Pulse Output Synchronized to TRGV Input
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3. If compare matches A and B occur simultaneously, any conflict between the output ¢
for compare match A and compare match B is resolved by the following priority: tog
output > output 1 > output O.

4. Depending onthetiming, TCNTV may be incremented by a switch between differer
clock sources. When TCNTV isinternally clocked, an increment pulseis generated 1
falling edge of an internal clock signal, that is divided system clock (¢). Therefore, a
in figure 12.3 the switch isfrom 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.

TCNTV write cycle by CPU
| T, T, T, |

o 1 L1 L1 LJ L
Address X TCNTV address X
Internal write signal | |
Counter clear signal | |

TCNTV N X H'00

Figure12.11 Contention between TCNTV Write and Clear
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TCORA N X M
[ TCORA write data

Compare match signal ' v
) Inhibited

Figure12.12 Contention between TCORA Write and Compare Match

Clock before E
switching | | ! | | |

Clock after
switching

-

TCNTV N X N+1 X N+2 X

Write to CKS1 and CKS0

Figure12.13 Internal Clock Switchingand TCNTV Operation
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Capability to process up to four pulse outputs or four pulseinputs
Four general registers:
Independently assignable output compare or input capture functions

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

Timer input/output functions

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.
Any initial timer output value can be set

Five interrupt sources

Four compare match/input capture interrupts and an overflow interrupt.
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M T MATER

Counter clearing function GRA GRA — — —
compare  compare

match match
Initial output value — Yes Yes Yes Yes
setting function
Buffer function — Yes Yes — —
Compare 0 — Yes Yes Yes Yes
match output _ Yes Yes Yes Yes
Toggle  — Yes Yes Yes Yes
Input capture function — Yes Yes Yes Yes
PWM mode — — Yes Yes Yes
Interrupt sources Overflow Compare Compare Compare Con
match/input match/input match/input  matc
capture capture capture capt
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[Legend]

TMRW: Timer mode register W (8 bits)

TCRW: Timer control register W (8 bits)

TIERW: Timer interrupt enable register W (8 bits)

TSRW: Timer status register W (8 bits)

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

TCNT: Timer counter (16 bits)

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

Bus il

Figure13.1 Block Diagram of Timer W
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conmpailec o IMPUt Pire1or GRo input captuic,
output pin in PWM mode

Input capture/output FTIOC Input/output  Output pin for GRC output com,

compare C input pin for GRC input capture
output pin in PWM mode

Input capture/output FTIOD Input/output  Output pin for GRD output com|

compare D input pin for GRD input capture

output pin in PWM mode

13.3 Register Descriptions
Thetimer W has the following registers.

e Timer mode register W (TMRW)

e Timer control register W (TCRW)

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

e Timer I/O control register O (TIORQ)
e Timer I/O control register 1 (TIORL1)
e Timer counter (TCNT)

o Generd register A (GRA)

e General register B (GRB)

e General register C (GRC)

e General register D (GRD)
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BUFEB

R/W

Buffer Operation B
Selects the GRD function.

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

1: GRD operates as the buffer register for GF

BUFEA

R/W

Buffer Operation A
Selects the GRC function.

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

1: GRC operates as the buffer register for GF

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
1: PWM output

PWMC

R/W

PWM Mode C

Selects the output mode of the FTIOC pin.

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

PWMB

R/W

PWM Mode B

Selects the output mode of the FTIOB pin.

0: FTIOB operates normally (output compare
1: PWM output

Rev. 3.00 Mar. 15, 2006 Pag

RENESAS REJOS



6 CKS2 0 R/W
5 CKS1 0 R/W
4 CKS0 0 R/W

Clock Select2t0 0

Select the TCNT clock source.
000: Internal clock: counts on ¢
001: Internal clock: counts on ¢/2
010: Internal clock: counts on ¢/4
011: Internal clock: counts on ¢/8

1xx: Counts on rising edges of the external eve
(FTCI)

When the internal clock source (¢) is selected,
sources are counted in subactive and subsleej

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: Initial output value is 0*

1: Initial output value is 1*

2 TOC 0 R/W

Timer Output Level Setting C

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

0: Initial output value is 0*

1: Initial output value is 1*

1 TOB 0 R/W

Timer Output Level Setting B

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

0: Initial output value is 0*
1: Initial output value is 1*
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13.3.3 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 reque
OVF flag in TSRW is enabled.

6to 4 — All 1 — Reserved
These bits are always read as 1.

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

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

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

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

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

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 o
compare register

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

[Clearing condition]

e Read IMFD when IMFD=1, then write 0 in |

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

[Setting conditions]

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

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

[Clearing condition]

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

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

[Clearing condition]

¢ Read IMFA when IMFA=1, then write O in

13.3.5 Timer I/O Control Register 0 (TIORO)

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

Initial
Bit Bit Name Value R/W Description

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

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

1x: Input capture at rising edge and falling edg
FTIOB 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 registe
1: GRA functions as an input capture register

I0A1
0 I0AO

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
10: 1 output to the FTIOA pin at GRA compare

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

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

1x: Input capture at rising edge and falling edg
FTIOA pin

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

10D1
I0DO

R/W
R/W

I/O Control D1 and DO

When I0D2 =0,

00: No output at compare match

01: 0 output to the FTIOD pin at GRD compare ma
10: 1 output to the FTIOD pin at GRD compare ma
11: Output toggles to the FTIOD pin at GRD compe
When IOD2 =1,

00: Input capture at rising edge at the FTIOD pin
01: Input capture at falling edge at the FTIOD pin

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

Reserved
This bit is always read as 1.

2

I0C2

0

R/W

I/O Control C2

Selects the GRC function.

0: GRC functions as an output compare regis
1: GRC functions as an input capture register
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1x: Input capture to GRC at rising edge and falling e
FTIOC pin

[Legend] X: Don't care.

13.3.7 Timer Counter (TCNT)

TCNT is a16-bit 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 bitin TCRW to 1. When TCNT overflows (changes from H'FFFF to H'0000),
flagin TSRW isset to 1. If the OVIE bit in TIERW is set to 1 at thistime, an interrupt re
generated. TCNT must always be read or written in 16-bit units; 8-bit accessis not allow:
TCNT isinitialized to H'0000.
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When ageneral register is used as an input-capture register, an external input-capture Sif
detected and the current TCNT valueis stored in the general register. The corresponding
(IMFA, IMFB, IMFC, or IMFD) in TSRW is set to 1. If the corresponding interrupt-enz
(IMIEA, IMIEB, IMIEC, or IMIED) in TSRW is set to 1 at thistime, an interrupt reque
generated. The edge of the input-capture signal is selected in TIOR.

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

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

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

GRA to GRD must be written or read in 16-bit units; 8-bit accessis not allowed. GRA t
initialized to H'FFFF.
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When the count overflows from H'FFFF to H'0000, the OVF flag in TSRW isset to 1. If
in TIERW isset to 1, an interrupt request is generated. Figure 13.2 shows free-running c

TCNT value

H'0000 »Time

CST bit | .
\ Flag cleared

o by software

Figure13.2 Free-Running Counter Operation
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H'0000 : l/ L— > Tim

CST bit

Flag cleared
L by software

IMFA

Figure 13.3 Periodic Counter Operation

By setting a general register as an output compare register, compare match A, B, C, or L
cause the output at the FTIOA, FTIOB, FTIOC, or FTIOD pin to output O, output 1, or t
Figure 13.4 shows an example of 0 and 1 output when TCNT operates as a free-running
output is selected for compare match A, and O output is selected for compare match B. \
signal is already at the selected output level, the signal level does not change at compare

TCNT value

H'FFFF
GRA

GRB
H'0000

FTIOA E | E No change No change

FTIOB | 1 No change 1 No change

Figure13.4 0and 1 Output Example(TOA =0,TOB =1)
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FTIOB | | | Toggle output

Figure13.5 Toggle Output Example (TOA =0, TOB =1)

Figure 13.6 shows another example of toggle output when TCNT operates as a periodic c
cleared by compare match A. Toggle output is selected for both compare match A and B.

TCNT value

Counter cleared by compare match with GRA

> Time

Toggle
output

FTIOB | | | | Toggle
output

Figure13.6 Toggle Output Example (TOA =0,TOB =1)
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R'F000

H'AA55

H'55AA

H'1000
H'0000

H'FO00 H'55AA

A

H'AA55

Figure13.7 Input Capture Operating Example
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: X HDA91
: \ \
GRC X X HO0245 X H'5480

Figure13.8 Buffer Operation Example (Input Capture)
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compare match occurs.

Figure 13.9 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
(TOB, TOC, and TOD =1).

TCNT value
Counter cleared by compare match A

GRA | g

GRB  [--cccmmmiee e e e

GRC R B U R~ U P

GRD [ S PR~ RN A R A N B
H'0000 T : . : E . : E . l—» Time
FTIOB T S | — L]

FTIOC B | I . | | : | I

Figure13.9 PWM Mode Example (1)
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Figure13.10 PWM Mode Example (2)
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H'0000 — . : .
GRD  H0200, ! : X | Hos20 DX

| H0450 X iHo520

GRB

Figure13.11 Buffer Operation Example (Output Compare)
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FTioB |

Uuty Uvo 1

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

TCNT value .
A simultaneously.
GRA Write to GRB
"""""" AT AT Awniteto GRS
| | ORI —
v ('5Write to GRB !
GRB |[—-—¥r - T T T .
H'0000 s | : |
| Duty 100% | |
FTIOB |
Output does not change when cycle register
_ and duty register compare matches occur
TCN‘[ value simultaneously.
Write to GRB > ——-—-7
GRA f---eeeeoo- O m e e r--
| Write to GRB
| C')_
GRB | —- ~ Write to GR
H'0000 > T

FTIOB 4

Duty 100% Duty 0%

Figur
(TOB=0,TOC =0,

e13.12 PWM Mode Example
TOD =0: Initial Output Valuesare Set to 0)
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allg duly reygisiel Coltipare faltclics otiur

TCNT value simultaneously.

Write to GRB

GRA

| Duty 0% | | |
FTIOB

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

TCNT value simultaneously.
Write to GRB O—-—-—-—-—-—-—-—-—-—-—-—|
GRA O r--
Write to GRB
1
O-
GRB Write to

| Duty 0% Duty 100%
FTIOB

Figure13.13 PWM Mode Example
(TOB=1,TOC =1,and TOD = 1: Initial Output Valuesare Set to 1)
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4 - 4 J J LJ J J L L—
Internal i
clock ﬁﬁRlsmg edge | | |
TCNT input | | |
clock

TCNT N X N+1 X N+2

Figure 13.14 Count Timing for Internal Clock Source

UL

Ext |
CI)é:;na _ﬁqiing edge | ? Rising edge

TCNT input | | | |
clock

TCNT N X N+1 X N+2

Figure13.15 Count Timingfor External Clock Source
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¢ B N [ N A
.

TONT N R
GRA to GRD N

Compare | |

match signal

FTIOA to FTIOD X

Figure13.16 Output Compare Output Timing
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Input capture I_l

signal

TONT :X N1 X N Net N N2 )
N

GRA to GRD N

Figure 13.17 Input Capture Input Signal Timing

1354 Timing of Counter Clearing by Compare Match

Figure 13.18 shows the timing when the counter is cleared by compare match A. When tt
valueis N, the counter countsfrom 0 to N, and itscycleisN + 1.

0 JL LT L e
Compare I_l

match signal
TONT N ) Ho000
GRA N

Figure13.18 Timing of Counter Clearing by Compare Match
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GRC, GRD M

GRA, GRB ; I ™

Figure13.19 Buffer Operation Timing (Compare Match)

T

Input capture
signal

TCNT

GRA, GRB ¢ N - N+1

GRC, GRD

Figure13.20 Buffer Operation Timing (Input Capture)
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TCNT input I_l
clock

TCNT N X N+1

GRA to GRD N

Compare I_l
match signal

IMFA to IMFD |

IRRTW [

Figure13.21 Timingof IMFA to IMFD Flag Setting at Compare Match
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TCNT N

GRA to GRD X N

IMFA to IMFD |

IRRTW |

Figure13.22 Timing of IMFA to IMFD Flag Setting at | nput Capture

135.8 Timing of Status Flag Clearing

When the CPU reads a status flag while it is set to 1, then writes 0 in the status flag, the
is cleared. Figure 13.23 shows the status flag clearing timing.

TSRW write cycle

T T,
|<—1>|-<—>|
0 JU LT
Address XTSRW addressX
Write signal | I
IMFA to IMFD |
IRRTW |

Figure13.23 Timing of Status Flag Clearing by CPU
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|JI uLulldive.

3. Depending on thetiming, TCNT may be incremented by a switch between different i
clock sources. When TCNT isinternally clocked, an increment pulse is generated frol
rising edge of an internal clock signal, that is divided system clock (¢). Therefore, as:
figure 13.25 the switch isfrom alow clock signal to a high clock signal, the switchov
asarising edge, causing TCNT to increment.

4. If timer W enters module standby mode while an interrupt request is generated, the in
request cannot be cleared. Before entering module standby mode, disable interrupt res

TCNT write cycle

Ty Ts
—f—|
; ST L
Address XTCNT address X

Write signal

Counter clear | |

signal

TCNT N ) H'0000

Figure13.24 Contention between TCNT Writeand Clear
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Figure13.25 Internal Clock Switchingand TCNT Operation
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bit manipulation instruction to TCRW occur at the same timing.

TOCR 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, @ TOCR is executed to clear the TOC bit (the FTIOCO signal is low) and compare match B
occurs at the same timing as shown below, the H'02 writing to TOCR has priority and compare match B
does not drive the FTIOB signal low; 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 TOCR: Write H'02

AN I A O

TCRW
write signal

Compare match
signal B

FTIOB pin w .......................................

Remains high because the 1 writing to TOB has priorit

Figure13.26 When Compare Match and Bit Manipulation Instruction to TCl
Occur at the Same Timing
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— Independently assignable output compare or input capture functions

Selection of five counter clock sources: four internal clocks (¢, /2, ¢/4, and ¢/8) an
external clock

Seven selectable operating modes
— Output compare function
Selection of 0 output, 1 output, or toggle output
— Input capture function
Rising edge, falling edge, or both edges
— Synchronous operation
Timer counters Oand _1 (TCNT_0and TCNT_1) can be written simultaneously
Simultaneous clearing by compare match or input capture is possible.
— PWM mode
Up to six-phase PWM output can be provided with desired duty ratio.
— Reset synchronous PWM mode
Three-phase PWM output for normal and counter phases
— Complementary PWM mode
Three-phase PWM output for non-overlapped normal and counter phases
The A/D conversion start trigger can be set for PWM cycles.
— Buffer operation
The input capture register can be consisted of double buffers.
The output compare register can automatically be modified.
High-speed access by the internal 16-bit bus
— 16-bit TCNT and GR registers can be accessed in high speed by a 16-bit bus inte
Any initial timer output value can be set
Output of the timer is disabled by external trigger
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Buffer register

GRC_0, GRD_0

GRC_1, GRD_1

1/0 pins

FTIOAO, FTIOBO, FTIOCO,
FTIODO

FTIOA1, FTIOB1, FTIOC
FTIOD1

Counter clearing function

Compare match/input capture of
GRA_0, GRB_0, GRC_0, or
GRD_0

Compare match/input car
GRA_1, GRB_1, GRC_1,
GRD_1

Compare Ooutput Yes Yes
match output 1 output Yes Yes
output Yes Yes
Input capture function Yes Yes
Synchronous operation Yes Yes
PWM mode Yes Yes
Reset synchronous PWM  Yes Yes
mode
Complementary PWM Yes Yes
mode
Buffer function Yes Yes

Interrupt sources

Compare match/input capture A0
to DO
Overflow

Compare match/input car
to D1

Overflow

Underflow
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[Legend]
TSTR:
TMDR:
TPMR:
TFCR:
TOER:
TOCR:
ADTRG:
ITMZ0:
ITMZ1:

TSTR | TMDR
Channel 0 Channel 1 TPMR | TFCR
timer timer
TOER | TOCR
< Module data bus >

Timer start register (8 bits)

Timer mode register (8 bits)

Timer PWM mode register (8 bits)

Timer function control register (8 bits)
Timer output master enable register (8 bits)
Timer output control register (8 bits)

A/D conversion start trigger output signal
Channel 0 interrupt

Channel 1 interrupt

Figure14.1 Timer Z Block Diagram

RENESAS
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TCNT_O

GRA_O
GRB_0
GRC_0
GRD_0
TCR_O
TIORA_O
TIORC_O
TSR_O
TIER_O
POCR_0

00000000000

Module data bus >

[Legend]
TCNT_O

GRA_0, GRB_O0:

GRC_0, GRD_0
TCRZO:
TIORA_O0:
TIORC_0:
TSR_O0:
TIER_O:
POCR_0:
ITMZ0:

Timer counter_0 (16 bits)

General registers A_0, B_0, C_0, and D_0 (input capture/output compare registers:
16 bits x 42 . .

Timer control register_0 (8 bits)

Timer 1/O control register A_0 (8 bits)

Timer 1/O control register C_0 (8 bits)

Timer status register_0 (8 bits)

Timer interrupt enable register_0 (8 bits)

PWM mode output level control register_0 (8 bits)

Channel 0 interrupt

Figure14.2 Timer Z (Channd 0) Block Diagram
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TCNT_1

GRA_1
GRB_1
GRC_1
GRD_1
TCR_1
TIORA_1
TIORC_1
TSR_1
TIER_1
POCR_1

00000000000

Module data bus >

[Legend]
TCNT_1:
GRA_1, GRB_1:
GRC_1, GRD_1:
TCR1:
TIORA_1:
TIORC_1:
TSR_1:

TIER_1:
POCR_1:
ITMZ1:

Timer counter_1 (16 bits)

General registers A_1, B_1, C_1, and D_1 (input capture/output compare registers:
16 bits x 42 . .

Timer control register_1 (8 bits)

Timer 1/O control register A_1 (8 bits)

Timer 1/O control register C_1 (8 bits)

Timer status register_1 (8 bits)

Timer interrupt enable register_1 (8 bits)

PWM mode output level control register_1 (8 bits)

Channel 1 interrupt

Figure14.3 Timer Z (Channd 1) Block Diagram
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compare bl Input capture Input, or FViVli ou
Input capture/output FTIOCO Input/output  GRC_0 output compare output,
compare CO input capture input, or PWM
synchronous output (in reset
synchronous PWM and comple
PWM modes)
Input capture/output FTIODO Input/output  GRD_0 output compare output,
compare DO input capture input, or PWM ou
Input capture/output FTIOA1 Input/output  GRA_1 output compare output,
compare A1 input capture input, or PWM ou
reset synchronous PWM and
complementary PWM modes)
Input capture/output FTIOB1 Input/output  GRB_1 output compare output,
compare B1 input capture input, or PWM ou
Input capture/output FTIOCAH Input/output  GRC_1 output compare output,
compare C1 input capture input, or PWM ou
Input capture/output FTIOD1 Input/output  GRD_1 output compare output,
compare D1 input capture input, or PWM ou
Rev. 3.00 Mar. 15,2006 Page 218 of 526
REJ09B0060-0300 RENESAS



e Timer output control register (TOCR)

Channel 0

Timer control register 0 (TCR_0)

Timer 1/O control register A_0 (TIORA_0)
Timer 1/O control register C 0 (TIORC_0)

Timer status register_0 (TSR_0)

Timer interrupt enable register_ 0 (TIER_0)
PWM mode output level control register_0 (POCR_0)

Timer counter 0 (TCNT_0)

General register A_0 (GRA_0)
General register B_0 (GRB_0)
General register C_0 (GRC_0)
Genera register D_0 (GRD_0)

Channdl 1

Timer control register_1 (TCR_1)

Timer 1/O control register A_1 (TIORA_1)
Timer 1/O control register C_1 (TIORC_1)

Timer status register_ 1 (TSR_1)

Timer interrupt enable register_1 (TIER_1)
PWM mode output level control register_1 (POCR_1)

Timer counter_1 (TCNT_1)
General register A_1 (GRA_1)
General register B_1 (GRB_1)

RENESAS
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moaified.

1 STR1 0 R/W Channel 1 Counter Start
0: TCNT_1 halts counting
1: TCNT_1 starts counting

0 STRO 0 R/W Channel 0 Counter Start
0: TCNT_O halts counting
1: TCNT_O starts counting
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0: GRC_1 operates normally

1: GRA_1 and GRD_1 are used together for |
operation

BFDO

0

R/W

Buffer Operation DO
0: GRD_0 operates normally

1: GRB_0 and GRD_0 are used together for |
operation

BFCO

0

R/W

Buffer Operation CO
0: GRC_0 operates normally

1: GRA_0 and GRC_0 are used together for |
operation

3to1

All 1

Reserved

These bits are always read as 1, and cannot |
modified.

SYNC

0

R/W

Timer Synchronization
0: TCNT_1 and TCNT_O0 operate as a differel
1: TCNT_1 and TCNT_0 are synchronized

TCNT_1 and TCNT_O can be pre-set or clear
synchronously
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1: FTIOD1 operates in PWM mode

5 PWMCH1 0 R/W PWM Mode C1
0: FTIOC1 operates normally
1: FTIOC1 operates in PWM mode

4 PWMB1 0 R/W PWM Mode B1
0: FTIOB1 operates normally
1: FTIOB1 operates in PWM mode

3 — 1 — Reserved

This bit is always read as 1, and cannot be mo

2 PWMDO O R/W PWM Mode DO
0: FTIODO operates normally
1: FTIODO operates in PWM mode

1 PWMCO O R/W PWM Mode CO
0: FTIOCO operates normally
1: FTIOCO operates in PWM mode

0 PWMBO O R/W PWM Mode BO
0: FTIOBO operates normally
1: FTIOBO operates in PWM mode
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1: External clock input is enabled

ADEG

R/W

A/D Trigger Edge Select

A/D module should be set to start an A/D con
the external trigger

0: A/D trigger at the crest in complementary F

1: A/D trigger at the trough in complementary
mode

ADTRG

R/W

External Trigger Disable

0: A/D trigger for PWM cycles is disabled in
complementary PWM mode

1: A/D trigger for PWM cycles is enabled in
complementary PWM mode

OLSH

R/W

Output Level Select 1

Selects the counter-phase output levels in res
synchronous PWM mode or complementary |
mode.

0: Initial output is high and the active level is |
1: Initial output is low and the active level is h

OLSOo

R/W

Output Level Select 0

Selects the normal-phase output levels in res
synchronous PWM mode or complementary |
mode.

0: Initial output is high and the active level is |
1: Initial output is low and the active level is h

Figure 14.4 shows an example of outputs in r
synchronous PWM mode and complementary
mode when OLS1 = 0 and OLSO0 = 0.
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at the crest)

Note: When reset synchronous PWM mode or
complementary PWM mode is selected |
bits, this setting has the priority to the se
PWM mode by each bit in TPMR. Stop T
and TCNT_1 before making settings for
synchronous PWM mode or complemen

PWM mode.
Normal phase ! Normal phase ;
! Active level |
Counter phase | , .. Counter phase i Initial
i Initial + output
\ output  —— i Active level
'<«—»| Active level
Reset synchronous PWM mode Complementary PWM mode

Note: Write H'00 to TOCR to start initial outputs after stopping the counter.

Figure14.4 Example of Outputsin Reset Synchronous PWM Mode
and Complementary PWM Mode
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1: FTIOD1 pin output is disabled regardless ¢
TPMR, TFCR, and TIORC_1 settings (FTI(
operated as an I/O port).

ECA

R/W

Master Enable C1
0: FTIOC1 pin output is enabled according to
TPMR, TFCR, and TIORC_1 settings

1: FTIOC1 pin output is disabled regardless ¢
TPMR, TFCR, and TIORC_1 settings (FTI(
operated as an I/O port).

EB1

R/W

Master Enable B1
0: FTIOB1 pin output is enabled according to
TPMR, TFCR, and TIORA_1 settings

1: FTIOB1 pin output is disabled regardless o
TPMR, TFCR, and TIORA_1 settings (FTI(
operated as an I/O port).

EA1

R/W

Master Enable A1
0: FTIOA1 pin output is enabled according to
TPMR, TFCR, and TIORA_1 settings

1: FTIOA1 pin output is disabled regardless o
TPMR, TFCR, and TIORA_1 settings (FTI(
operated as an I/O port).

EDO

R/W

Master Enable DO
0: FTIODO pin output is enabled according to
TPMR, TFCR, and TIORC_0 settings

1: FTIODO pin output is disabled regardless ¢
TPMR, TFCR, and TIORC_0 settings (FTI(
operated as an I/O port).
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1: FTIOBO pin output is disabled regardless of
TPMR, TFCR, and TIORA_O settings (FTIO
operated as an /O port).
0 EAO 1 R/W Master Enable AO

0: FTIOAO pin output is enabled according to t
TPMR, TFCR, and TIORA_O settings

1: FTIOAO pin output is disabled regardless of
TPMR, TFCR, and TIORA_O settings (FTIO
operated as an /O port).
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L Puugputat vdic iUt pit
6 TOC1 0 R/W Output Level Select C1

0: 0 output at the FTIOC1 pin*

1: 1 output at the FTIOC1 pin*
5 TOB1 0 R/W Output Level Select B1

0: 0 output at the FTIOB1 pin*

1: 1 output at the FTIOB1 pin*
4 TOA1 0 R/W Output Level Select A1

0: 0 output at the FTIOA1 pin*

1: 1 output at the FTIOA1 pin*
3 TODO 0 R/W Output Level Select DO

0: 0 output at the FTIODO pin*

1: 1 output at the FTIODO pin*
2 TOCO 0 R/W Output Level Select CO

0: 0 output at the FTIOCO pin*

1: 1 output at the FTIOCO pin*
1 TOBO 0 R/W Output Level Select BO

0: 0 output at the FTIOBO pin*

1: 1 output at the FTIOBO pin*
0 TOAO 0 R/W Output Level Select A0

0: 0 output at the FTIOAO pin*

1: 1 output at the FTIOAQ pin*
Note: * The change of the setting is immediately reflected in the output value.
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bit unit_s; they must always be acc'&ssed asal6-bit unit. TCNT isinitialized to H'0000.

14.3.8 General RegistersA, B, C, and D (GRA, GRB, GRC, and GRD)

GR are 16-hit registers. Timer Z has eight general registers (GR), four for each channel. -
registers are dual function 16-bit readable/writable registers, functioning as either output
or input capture registers. Functions can be switched by TIORA and TIORC.

Thevaluesin GR and TCNT are constantly compared with each other when the GR regis
used as output compare registers. When the both values match, the IMFA to IMFD flags
are set to 1. Compare match outputs can be selected by TIORA and TIORC.

When the GR registers are used as input capture registers, the TCNT value is stored after
external signals. At this point, IMFA to IMFD flagsin the corresponding TSR are set to !
Detection edges for input capture signals can be selected by TIORA and TIORC.

When PWM mode, complementary PWM mode, or reset synchronous PWM modeis sels
valuesin TIORA and TIORC areignored. Upon reset, the GR registers are set as output (
registers (no output) and initialized to H'FFFF. The GR registers cannot be accessed in &
they must always be accessed as a 16-bit unit.
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010:

011:

100:
101:

110:

111

Dl i

Clears TCNT by GRB compare match/inp
capture*'

Synchronization clear; Clears TCNT in sy
with counter clearing of the other channel

Disables TCNT clearing

Clears TCNT by GRC compare match/inp
capture*'

Clears TCNT by GRD compare match/inp
capture*'

: Synchronization clear; Clears TCNT in sy

with counter clearing of the other channel

CKEG1 R/W Clock Edge 1 and 0
3 CKEGO R/W 00: Count at rising edge
01: Count at falling edge
1X: Count at both edges
2 TPSC2 R/W Time Prescaler2to 0
TPSCA1 R/W 000: Internal clock: count by ¢
0 TPSCO R/W 001: Internal clock: count by ¢/2
010: Internal clock: count by ¢/4
011: Internal clock: count by ¢/8

1XX: External clock: count by FTIOAO (TCLK) |

Notes: 1. When GR functions as an output compare register, TCNT is cleared by comp
When GR functions as input capture, TCNT is cleared by input capture.

2. Synchronous operation is set by TMDR.

3. X:Don't care
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Initial

Bit Bit Name Value R/W

Description

7 J—

1 —

Reserved
This bit is always read as 1.

6 10B2
10B1
4 I0BO

[$)]

o

R/W
0 R/W

I/0 Control B2 to BO

GRB is an output compare register:

000: Disables pin output by compare match
001: 0 output by GRB compare match

010: 1 output by GRB compare match

011: Toggle output by GRB compare match
GRB is an input capture register:

100: Input capture to GRB at the rising edge
101: Input capture to GRB at the falling edge

11X: Input capture to GRB at both rising and fc
edges

Reserved
This bit is always read as 1.

2 I0A2
I0A1
0 I0AO

—_

o

R/W
0 R/W

I/O Control A2 to AO

GRA is an output compare register:

000: Disables pin output by compare match
001: 0 output by GRA compare match

010: 1 output by GRA compare match

011: Toggle output by GRA compare match
GRA is an input capture register:

100: Input capture to GRA at the rising edge
101: Input capture to GRA at the falling edge

11X: Input capture to GRA at both rising and fz
edges

[Legend] X:

Don't care
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4 I0D0 0 R/W 000: Disables pin output by compare match
001: 0 output by GRD compare match
010: 1 output by GRD compare match
011: Toggle output by GRD compare match
GRD is an input capture register:
100: Input capture to GRD at the rising edge
101: Input capture to GRD at the falling edge

11X: Input capture to GRD at both rising and
edges

3 — 1 — Reserved

This bit is always read as 1.

2 10C2 0 R/W I/0O Control C2 to CO
10CA1 0 R/W GRC is an output compare register:
0 10CO0 0 R/W 000: Disables pin output by compare match

001: 0 output by GRC compare match

010: 1 output by GRC compare match

011: Toggle Output by GRC compare match
GRC is an input capture register:

100: Input capture to GRC at the rising edge
101: Input capture to GRC at the falling edge

11X: Input capture to GRC at both rising and
edges

[Legend] X: Don'tcare
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e

5 UDF* 0 R/W

Underflow Flag

[Setting condition]

e When TCNT_1 underflows

[Clearing condition]

e When 0 is written to UDF after reading UDI

4 OVF 0 R/W

Overflow Flag

[Setting condition]

¢ When the TCNT value underflows
[Clearing condition]

e When 0 is written to OVF after reading OV!

3 IMFD 0 R/W

Input Capture/Compare Match Flag D

[Setting conditions]

e When TCNT = GRD and GRD is functionin
output compare register

e When TCNT value is transferred to GRD b
capture signal and GRD is functioning as ir
capture register

[Clearing condition]

e When 0 is written to IMFD after reading IM
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¢ When 0 is written to IMFC after reading I\
1 IMFB 0 R/W Input Capture/Compare Match Flag B

[Setting conditions]

e When TCNT = GRB and GRB is functionii
output compare register

e When TCNT value is transferred to GRB |
capture signal and GRB is functioning as
capture register

[Clearing condition]

e When 0 is written to IMFB after reading I\
0 IMFA 0 R/W Input Capture/Compare Match Flag A
[Setting conditions]
e When TCNT = GRA and GRA is functionil
output compare register

e When TCNT value is transferred to GRA |
capture signal and GRA is functioning as
capture register

[Clearing condition]
e When 0 is written to IMFA after reading IN
Note: Bit 5 is not the UDF flag in TSR_O. It is a reserved bit. It is always read as 1.
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O Interrupt requests (OVI) by OV or UDF tlag
disabled

1: Interrupt requests (OVI) by OVF or UDF flag
enabled

R/W

Input Capture/Compare Match Interrupt Enable
0: Interrupt requests (IMID) by IMFD flag are d
1: Interrupt requests (IMID) by IMFD flag are e

R/W

Input Capture/Compare Match Interrupt Enable
0: Interrupt requests (IMIC) by IMFC flag are d
1: Interrupt requests (IMIC) by IMFC flag are e

R/W

Input Capture/Compare Match Interrupt Enable
0: Interrupt requests (IMIB) by IMFB flag are d
1: Interrupt requests (IMIB) by IMFB flag are el

3 IMIED
2 IMIEC
1 IMIEB
0 IMIEA

R/W

Input Capture/Compare Match Interrupt Enable
0: Interrupt requests (IMIA) by IMFA flag are d
1: Interrupt requests (IMIA) by IMFA flag are e
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U: I'he output level of 110D Is low-active
1: The output level of FTIOD is high-active

POLC 0 R/W PWM Mode Output Level Control C
0: The output level of FTIOC is low-active
1: The output level of FTIOC is high-active

POLB 0 R/W PWM Mode Output Level Control B
0: The output level of FTIOB is low-active
1: The output level of FTIOB is high-active
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P ) L ' | Bus interface ) "~ Module data bus
U

| TCNTH | TCNTL |

Figure14.5 Accessing Operation of 16-Bit Register (between CPU and TCNT (1

2. 8-hit register
Registers other than TCNT and GR are 8-hit registers that are connected internally wi
CPU in an 8-bit width. Figure 14.6 shows an example of accessing the 8-bit registers.

Internal data bus
H
¢ (T

L Bus interface . Module data bus

TSTR

Figure14.6 Accessing Operation of 8-Bit Register (between CPU and TSTR (8
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Select counter clock

C

Periodic counter

)

Select counter clearing source

Select output compare register

Set period

( Free-running counter )

Start count operation

[5]

[2]

[3]

[4]

[5]

When an external clock is se
select the external clock edg
with bits CKEG1 and CKEGC
For periodic counter operatio
the TCNT clearing source wif
CCLR2 to CCLRO in TCR.
Designate the general registc
selected in [2]

as an output compare registe
means of TIOR.

Set the periodic counter cycl
general register selected in [
Set the STR bitin TSTR to 1
the counter operation.

Figure 14.7 Example of Counter Operation Setting Procedure

RENESAS
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HFFFF |- e e e e e e e e e e e s

H'0000

> Time

STRO, } j
STR1 ! !

)
OVF | |

Figure 14.8 Free-Running Counter Operation

When compare match is selected asthe TCNT clearing source, the TCNT counter for the
channel performs periodic count operation. The GR registers for setting the period are de
as output compare registers, and counter clearing by compare match is selected by means
CCLR1 and CCLRO in TCR. After the settings have been made, TCNT starts an increme
operation as a periodic counter when the corresponding bit in TSTR is set to 1. When the
value matchesthe value in GR, the IMFA, IMFB, IMFC, or IMFD flagin TSR isset to 1
TCNT iscleared to H'0000.

If the value of the corresponding IMIEA, IMIEB, IMIEC, or IMIED bitin TIER is1 at tt
thetimer Z requests an interrupt. After acompare match, TCNT starts an increment oper:
again from H'0000.
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STR

IMF

Figure14.9 Periodic Counter Operation

2. TCNT count timing
A. Internal clock operation

A system clock (¢) or three types of clocks (¢/2, ¢/4, or ¢/8) that divides the syst
can be selected by bits TPSC2 to TPSCO in TCR.

Figure 14.10 illustrates this timing.

I~
-

Internal clock | (( |

—
(@]
=z
3
=}
hel
=3

TCONT N-1

=5
P4
|>Z<|
z

Figure14.10 Count Timing at Internal Clock Operation
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External clock |

| aal

input pin )
TCNT input (¢ | | (
)7 )T
( (
)7 )T
TCNT N X N+1

§§—

5

Figure14.11 Count Timing at External Clock Operation (Both Edges Detect
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[ TIOR. The initial values set in TOCR are

L output unit the first compare match occurs.
Set output timing (2] [2] Set the timing for compare match
| generation in GRA/GRB/GRC/GRD.
Enable waveform output [3] [3] Enable or disable the timer output by TOER.
[4] Setthe STR bitin TSTR to 1 to start the
| TCNT count operation.
Start count operation [4]

l

<Waveform output>

Figure14.12 Example of Setting Procedure for Waveform Output by Compar ¢
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H'0000 > Time
: : 4 : 4
FTIOB 3 : / : N
: ' No change 1 Nochange
_— ' i
FTIOA . No change . No change
/ _/

Figure14.13 Example of 0 Output/1 Output Operation

Figure 14.14 shows an example of toggle output.

In this example, TCNT has been designated as a periodic counter (with counter cleari
compare match B), and settings have been made such that the output is toggled by bo
compare match A and compare match B.
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FTIOA

Toggle outp

Figure14.14 Example of Toggle Output Operation

2. Output compare timing
The compare match signal is generated in the last statein which TCNT and GR mat
TCNT changes from the matching value to the next value). When the compare matc
generated, the output value selected in TIOR is output at the compare match output |
(FTIOA, FTIOB, FTIOC, or FTIOD). When TCNT matches GR, the compare matct
generated only after the next TCNT input clock pulseisinput.

Figure 14.15 shows an example of the output compare timing.

0 _ L Lt
TCNT input | |

TCNT N X N+1
GR N

Compare match I_l

signal

FTIOA to FTIOD X

Figure14.15 Output Compare Timing
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I means ot 110R, ana select rising edge, ralling
edge, or both edges as the input edge of the
Select input edge of 0l input capture signal.
input capture [2] Setthe STRbitin TSTRto 1 to start the TONT
| counter operation.

Start counter operation [2]

<Input capture operation>

Figure14.16 Example of Input Capture Operation Setting Procedure
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H'0005
H'0000

FTIOB

I

FTIOA

GRA

X H'0005 X H'0160 X
GRB :X X H'0180

Figure14.17 Example of Input Capture Operation
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(1 (1
TCNT N ¥
)T

((
)
GR X N )

Figure14.18 Input Capture Signal Timing
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AL Scicuuolni J

Set synchronous 1
operation (1]

CSynchronous presetting) C Synchronous clearing )

Clearing No
source generation
Set TCNT (2] channel?
Select counter (3] Select counter
clearing source clearing source
Start counter operation [5] Start counter operat
\ l l
<Synchronous presetting> <Counter clearing> <Synchronous clearir

[1] Setthe SYNC bits in TMDR to 1.

[2] When a value is written to either of the TCNT counters, the same value is simultaneously writ
other TCNT counter.

[3] Set bits CCLR1 and CCLRO in TCR to specify counter clearing by compare match/input captt

[4] Set bits CCLR1 and CCLRO in TCR to designate synchronous clearing for the counter clearin

[5] Set the STR bitin TSTR to 1 to start the count operation.

Figure 14.19 Example of Synchronous Operation Setting Procedure
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GRA_O

GRA_1

GRB_0

GRB_1

LyHuiivrivus vitdlllly Vy Uiva_U Lullipalc fatuil

H'0000

FTIOBO

FTIOB1 |

Figure 14.20 Example of Synchronous Operation

1445 PWM Mode

In PWM mode, PWM waveforms are output from the FTIOB, FTIOC, and FTIOD outpu
with GRA as acycleregister and GRB, GRC, and GRD as duty registers. The initial out
of the corresponding pin depends on the setting values of TOCR and POCR. Table 14.3 s
example of theinitial output level of the FTIOBO pin.

The output level is determined by the POLB to POLD bits corresponding to POCR. Whe
is0, the FTIOB output pinis set to 0 by compare match B and set to 1 by compare match
POLB is1, the FTIOB output pin is set to 1 by compare match B and cleared to O by con
match A. In PWM mode, maximum 6-phase PWM outputs are possible.
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( PWM mode )

Select counter clock

Select counter clearing source

Set PWM mode

Set initial output level

Select output level

Set GR

Enable waveform output

Start counter operation

!

<PWM mode>

[

[2]

[3]

[4]

[5]

[6]

[7]

[8]

1

(2]

(3]

(4]

(5]

6]

(71
8]

Select the counter clock with bits TPSC2 to
TOSCO in TCR. When an external clock is
selected, select the external clock edge with
bits CKEG1 and CKEGO in TCR.

Use bits CCLR1 and CCLRO in TCR to select
the counter clearing source.

Select the PWM mode with bits PWMBO to
PWMDO and PWMB1 to PWMD1 in TPMR.
Set the initial output value with bits TOBO to
TODO and TOB1 to TOD1 in TOCR.

Set the output level with bits POLB to POLD in
POCR.

Set the cycle in GRA, and set the duty in the
other GR.

Enable or disable the timer output by TOER.
Set the STR bit in TSTR to 1 and start the
counter operation.

Figure14.21 Example of PWM M ode Setting Procedure

RENESAS
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S S A A I A A A A
FTIOC | | | —
FTIOD—i I—i I—i I_

Figure14.22 Example of PWM M ode Operation (1)
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> Time

Hooop KW L

FTIOB

FTIOC

—_

oo | i g

Figure 14.23 Example of PWM M ode Operation (2)

Figures 14.24 (when TOB, TOC, and TOD = 0, POLB, POLC, and POLD =0) and 14.Z
TOB, TOC, and TOD =0, POLB, POLC, and POLD = 1) show examples of the output
waveforms with duty cycles of 0% and 100% in PWM mode.
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TCNT value

GRB

H'0000

A GRB rewritten
GRA  |-------

_

When cycle register and duty register compa

priority.

/ occur simultaneously, duty register compare

!GRB O
' rewritten H

re matches
match has

> Time

FTIOB

TCNT value

GRB

H'0000

100% duty |

A GRB rewritten
GRA -------

When cycle register and duty register compare matches
occur simultaneously, duty register compare match has

priority.

GRB rewritten

FTIOB

> Time

100% duty 0% duty

Figure 14.24 Example of PWM M ode Operation (3)
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When cycle register and duty register compare matches

TCNT value occur simultaneously, duty register compare match has
A GRB rewritten priority.
(€Y N @ sy Ea i Ly EEEEE
C.} H GRB rewritten
H 'GRB | Ol
H 1 rewritten v
GRB d O St :
H'0000 T - » Time
FTIOB E 100% duty |
When cycle register and duty register compare matches
occur simultaneously, duty register compare match has
TCNT value priority.
4 GRBrewritten T GRB rewritten .
GRA |------- O p - LR EEEE ey CEE LT P LR PP Ry ---
H GRB rewritten
GRB d
H'0000 T . » Time
FTIOB 100% duty 0% duty
Figure14.25 Example of PWM M ode Operation (4)
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lanle 14.4 Output FINnsSIn Resetl synchronous FvWivi ivioae

Channel Pin Name Input/Output Pin Function

0 FTIOCO Output Toggle output in synchronous with PWM cycle

0 FTIOBO Output PWM output 1

0 FTIODO Output PWM output 1 (counter-phase waveform of P!
output 1)

1 FTIOA1 Output PWM output 2

1 FTIOCA Output PWM output 2 (counter-phase waveform of P!
output 2)

1 FTIOB1 Output PWM output 3

1 FTIODA1 Output PWM output 3 (counter-phase waveform of P!
output 3)

Table14.5 Register Settingsin Reset Synchronous PWM Mode

Register  Description

TCNT_O Initial setting of H'0000

TCNT_A1 Not used (independently operates)

GRA_O Sets counter cycle of TCNT_O

GRB_0 Set a changing point of the PWM waveform output from pins FTIOBO and FT

GRA_1 Set a changing point of the PWM waveform output from pins FTIOA1 and FT

GRB_1 Set a changing point of the PWM waveform output from pins FTIOB1 and FT
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Initialize the output pin

Set TCNT

Set GR

Enable waveform output

Start counter operation

|

<Reset synchronous PWM mode>

(5]

6]

(71

8]

(9]

bits CMD1 and CMDO in TFCR. FTIOBO to
FTIODO and FTIOA1 to FTIOD1 become PW
output pins automatically.

Set H'00 to TOCR.

Set TCNT_0 as H'0000. TCNT1 does not nec
to be set.

GRA_0 is a cycle register. Set a cycle for
GRA_0. Set the changing point timing of the
PWM output waveform for GRB_0, GRA_1, a
GRB_1.

Enable or disable the timer output by TOER.
Set the STR bit in TSTR to 1 and start the
counter operation.

Figure14.26 Example of Reset Synchronous PWM M ode Setting Procedu
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meo_ Pl L

FTIODO

FTIOA1

FTIOCA

FTIOB1

FTIOD1

FTIOCO

Figure 14.27 Example of Reset Synchronous PWM M ode Operation (OLS0 = OL
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FTIODO i i i i i i

FTIOA1 1 1 1

FTIOC1

FTIOB1

FTIOD1

FTIOCO

Figure 14.28 Example of Reset Synchronous PWM M ode Operation (OLS0 = O

In reset synchronous PWM mode, TCNT_0 and TCNT _1 perform increment and indepe
operations, respectively. However, GRA_1 and GRB_1 are separated from TCNT_1. W
compare match occurs between TCNT_0 and GRA_0, a counter is cleared and an increr
operation is restarted from H'0000.

The PWM pin outputs O or 1 whenever a compare match between GRB_0, GRA_1, GR
TCNT_O or counter clearing occur.

For details on operations when reset synchronous PWM mode and buffer operation are
simultaneously set, see section 14.4.8, Buffer Operation.
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Table14.6 Output Pinsin Complementary PWM Mode

Channel Pin Name Input/Output Pin Function

0 FTIOCO Output Toggle output in synchronous with PWM cycle

0 FTIOBO Output PWM output 1

0 FTIODO Output PWM output 1 (counter-phase waveform non-
overlapped with PWM output 1)

1 FTIOA1 Output PWM output 2

1 FTIOCA Output PWM output 2 (counter-phase waveform non-
overlapped with PWM output 2)

1 FTIOB1 Output PWM output 3

1 FTIODA1 Output PWM output 3 (counter-phase waveform non-
overlapped with PWM output 3)

Table14.7 Register Settingsin Complementary PWM Mode

Register  Description

TCNT_O Initial setting of non-overlapped periods (non-overlapped periods are differen

TCNT_1)

TCNT_1 Initial setting of H'0000

GRA_O Sets (upper limit value — 1) of TCNT_O

GRB_0 Set a changing point of the PWM waveform output from pins FTIOBO and FT

GRA_1 Set a changing point of the PWM waveform output from pins FTIOA1 and FT

GRB_1 Set a changing point of the PWM waveform output from pins FTIOB1 and FT
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Initialize output pin

Set TCNT

Set GR

Enable waveform output

Start counter operation

:

<Complementary PWM mode>

(6]

(7]

(8]

[5]
[6]

[7]

[8]
[9]

and FTIOA1 to FTIOD1 automatically become
PWM output pins.

Set H'00 to TOCR.

TCNT_1 must be H'0000. Set a non-overlappe
period to TCNT_0.

GRA _0 is a cycle register. Set the cycle to
GRA_O. Set the timing to change the PWM
output waveform to GRB_0, GRA_1, and
GRB_1. Note that the timing must be set withir
the range of compare match carried out for
TCNT_0 and TCNT_1.

For GR settings, see 3. Setting GR Value in
Complementary PWM Mode in section 14.4.7,
Complementary PWM Mode.

Use TOER to enable or disable the timer outp
Set the STRO and STR1 bits in TSTRto 1 to
start the count operation.

Note: To re-enter complementary PWM mode, first, enter a mode other than the complementary
PWM mode. After that, repeat the setting procedures from step [1].
For settings of waveform outputs with a duty cycle of 0% and 100%, see the settings shown
in 2. Examples of Complementary PWM Mode Operation and 3. Setting GR Value in
Complementary PWM Mode in section 14.4.7, Complementary PWM Mode.

Figure 14.29 Example of Complementary PWM M ode Setting Procedur
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<Normal operation>

Figure 14.30 Canceling Procedure of Complementary PWM Mode
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FTIOCO




cycle waveform output, see 3. C., Outputting a waveform with a duty cycle of 0% an
section 14.4.7, Complementary PWM Mode.
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FTIODO—I L 0%duty !

D ——
' '

(a) When duty is 0%
TCNT values
A

GRAO

j"' ] N L. I\ I\ W
GRBO -/f-----\\- b A [i
H'0000 L Y Y
FTIOBO :| : ! : 5 qo d |
FTIODO—| ;

i 100% duty
————————— P

(b) When duty is 100%

Figure14.32 (1) Example of Complementary PWM M ode Operation
(TPSC2=TPSC1=TPSC0=0) (2
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_i'l
FTIODO —I

0% duty
-

(a) When duty is 0%

TCNT values
A prmrmmmmmmssssssmsmsmmmmmeees

GRAO

j"' - -. \ "’__ L |\ SR |
GRBO -ff----- \- ¥
H0000 L . /

FTIODO

FTIOBO _J
_l

100% duty !
>

(b) When duty is 100%

Figure14.32 (2) Example of Complementary PWM Mode Operation
(TPSC2 = TPSC1 = TPSCO # 0) (3)
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IMFA | ’ c N\
Set to 1 ) /

Flag is not set
Buffer transfer |'9'|
signal

o X

Transferred
to buffer

P

Not transferred
to buffer

Figure 14.33 Timing of Overshooting

TCNT X H'0001 X H'0000 X H'FFFFX H'OOOOX H'0001

Flag is not set
UDF | c /N
Setto 1 N

Buffer transfer re-l
signal

oR ]
Transferred \/
to buffer
Not transferred
to buffer

Figure14.34 Timing of Undershooting
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H'FFFC or less. When TPSC2 = TPSC1 = TPSCO =0, the GRA_0O valuecank
H'FFFF or less.

b. H'0000to T —1 (T: Initial value of TCNTO) must not be set for theinitia valu

c. GRA_0—(T —1) or more must not be set for the initial value.

d. When using buffer operation, the same values must be set in the buffer registe
corresponding general registers.

B. Modifying the setting value

a  Writing to GR directly must be performed whilethe TCNT_1 and TCNT_0 ve
should satisfy the following expression: H'0000 < TCNT _1 < previous GR val
previous GR value < TCNT_0 < GRA_0. Otherwise, awaveform is not outpu
correctly. For details on outputting a waveform with a duty cycle of 0% and 1(
C., Outputting a waveform with a duty cycle of 0% and 100%.

b. Do not write the following values to GR directly. When writing the values, av
is not output correctly.
H'0000<GR<T-1andGRA_0- (T-1)<GR<GRA_OwhenTPSC2=T
TPSC0=0
H'0000<GR<T-1and GRA_O0—- (T - 1) < GR<GRA_0 + 1 when TPSC2
=TPSC0=0

c. Do not change settings of GRA_0 during operation.

C. Outputting awaveform with a duty cycle of 0% and 100%

a. Buffer operation isnot used and TPSC2 = TPSC1 = TPSC0=0
Write H'0000 or avalue equal to or more than the GRA_0 value to GR directly
timing shown below.

e To output a 0%-duty cycle waveform, write avalue equal to or more than the (
value while H'0000 < TCNT_1 < previous GR value
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. Buffer operation isused and TPSC2 = TPSC1 =TPSCO =0
Write H'0000 or avalue equal to or more than the GRA_0 value to the buffer

To output a 0%-duty cycle waveform, write a value equal to or more than the
value to the buffer register

To output a 100%-duty cycle waveform, write H'0000 to the buffer register
For details on buffer operation, see section 14.4.8, Buffer Operation.

. Buffer operation is not used and other than TPSC2 = TPSC1 = TPSC0 =0
Write avalue which satisfies GRA_O + 1 < GR < H'FFFF to GR directly at tf
shown below.

To output a 0%-duty cycle waveform, write the value while H'0000 < TCNT.
previous GR value

To output a 100%-duty cycle waveform, write the value while previous GR v
TCNT_0<GRA_O

To change duty cycles while awaveform with aduty cycle of 0% and 100% |
output, the following procedure must be followed.

To change duty cycles while a 0%-duty cycle waveform is being output, writ
while H'0000 < TCNT _1 < previous GR value

To change duty cycles while a 100%-duty cycle waveform is being output, w
while previous GR value< TCNT_0<GRA 0

Note that changing from a 0%-duty cycle waveform to a 100%-duty cycle we
and vice versais not possible.
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PWM mode.

I e

Table 14.8 shows the register combinations used in buffer operation.

Table14.8 Register Combinationsin Buffer Operation

General Register Buffer Register
GRA GRC
GRB GRD

1. When GR isan output compare register

When a compare match occurs, the value in the buffer register of the corresponding ¢
transferred to the general register.

Thisoperation isillustrated in figure 14.35.

Compare match signal

Buffer register General

} Comparator TCNT
register

Figure14.35 Compare Match Buffer Operation
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Figure14.36 Input Capture Buffer Operation

3. Complementary PWM Mode

When the counter switches from counting up to counting down or vice versa, the val
buffer register istransferred to the general register. Here, the value of the buffer regi
transferred to the general register in the following timing:

A. When TCNT_0 and GRA_0 are compared and their contents match

B. When TCNT_1 underflows

4. Reset Synchronous PWM Mode

The value of the buffer register is transferred from compare match A0 to the general
5. Example of Buffer Operation Setting Procedure
Figure 14.37 shows an example of the buffer operation setting procedure.

( Buffer operation )

Select GR function

Set buffer operation

Start count operation

<Buffer operation>

[1] Designate GR as an input capture register or
output compare register by means of TIOR.
1] [2] Designate GR for buffer operation with bits
BFD1, BFC1, BFDO, or BFCO in TMDR.
[3] Setthe STR bitin TSTR to 1 to start the count
[2] operation of TCNT.

(3]

Figure 14.37 Example of Buffer Operation Setting Procedure
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TCNT value

GRB

H'0250
H'0200

H'0100

H'0000

GRC

GRA

FTIOB

FTIOA

A

Counter is cleared by GBR compare match

» Time

H'0200

H'0100 H'0200

H'0200

H'0250 x

H'0200 X

Compare match A

Figure 14.38 Example of Buffer Operation (1)
(Buffer Operation for Output Compare Register)
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GRA n X N

Figure 14.39 Example of Compare Match Timing for Buffer Operation

Figure 14.40 shows an operation example in which GRA has been designated as an inpt
register, and buffer operation has been designated for GRA and GRC.

Counter clearing by input capture B has been set for TCNT, and falling edges have beer
as the FIOCB pin input capture input edge. And both rising and falling edges have been
asthe FIOCA pin input capture input edge.

As buffer operation has been set, when the TCNT valueis stored in GRA upon the occu
input capture A, the value previously stored in GRA is simultaneously transferred to GF
transfer timing is shown in figure 14.41.
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FTIOA

GRA

GRC

A A

; X H'0005 X H'0160 X

GRB X X H'0180

Input capture A

Figure14.40 Example of Buffer Operation (2)
(Buffer Operation for Input Capture Register)
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( ((
) ))
GRC m )(2[ M l M X n

Figure14.41 Input Capture Timing of Buffer Operation
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(vwhen restored, aata will be tr

GRB_0

VAT

to the saved location regardle
CMD1 and CMDO values)

TCNT_O

H'0000

H'0999:

GRD_0

H'0999

H1FFF |

H'0999 !

GRB_0

H'0999,

X

FTIOBO

FTIODO

Figure 14.42 Buffer Operation (3)
(Buffer Operation in Complementary PWM ModeCMD1=CMDO0=1)

Rev. 3.00 Mar. 15,2006 Page 274 of 526

REJ09B0060-0300

RENESAS



GRD_O H0999;'X ;| HO0000 . A | 11H0999

GRB_O H0999! ! X ! H'0000 X 11H0999!

FTIOCO E h E

FTIODO

Figure 14.43 Buffer Operation (4)
(Buffer Operation in Complementary PWM ModeCMD1=CMDO0=1)
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Address bus

TOER

Timer Z
output pin

X TOER addressX

X

Timer output :X 1/0 port

Timer Z output 1/0 port
oy le—

Figure 14.44 Example of Output Disable Timing of Timer Z by Writingto TC
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Timer Z Timer Z output X
output pin Ny

—
Timer Z output ! 1/0 port

Figure 14.45 Example of Output Disable Timing of Timer Z by External Tri

3. Output Inverse Timing by TFCR: The output level can be inverted by inverting the (
OL S0 hitsin TFCR in reset synchronous PWM mode or complementary PWM mod
14.46 shows the timing.

T, T,
; giigiigiigligh
Address bus X TOER addressX
TFCR X

Timer Z
output pin X

Inverted

Figure 14.46 Example of Output Inverse Timing of Timer Z by Writingto T
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Timer Z X

output pin

Inverted

Figure 14.47 Example of Output Inverse Timing of Timer Z by Writing to PC

145 Interrupts

There are three kinds of timer Z interrupt sources; input capture/compare match, overflov
underflow. Aninterrupt is requested when the corresponding interrupt request flag is set
the corresponding interrupt enable bit is set to 1.

1451 StatusFlag Set Timing

1. IMF Flag Set Timing: The IMF flag is set to 1 by the compare match signal that is g
when the GR matches with the TCNT. The compare match signal is generated at the
of matching (timing to update the counter value when the GR and TCNT match). Th
when the TCNT and GR matches, the compare match signal will not be generated ur
TCNT input clock is generated. Figure 14.48 shows the timing to set the IMF flag.
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ITMZ |

Figure14.48 IMF Flag Set Timing when Compare Match Occurs

2. IMF Flag Set Timing at Input Capture: When an input capture signal is generated, tt
isset to 1 and the value of TCNT is simultaneously transferred to corresponding GR
14.49 shows the timing.

o I B O B I
Input capture I_l

signal

IMF I

TCNT N

GR >< N

IT™Z [

Figure14.49 IMF Flag Set Timing at I nput Capture
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ITMZ |

Figure14.50 OVF Flag Set Timing

1452 StatusFlag Clearing Timing

The status flag can be cleared by writing 0 after reading 1 from the CPU. Figure 14.51 sh
timing in this case.

o L L L
Address >< TSR address><

WTSR

(internal write signal) | |

IMF, OVF |

IT™MZ |

Figure14.51 StatusFlag Clearing Timing

Rev. 3.00 Mar. 15, 2006 Page 280 of 526
REJ09B0060-0300 RENESAS



WTCNT
(internal write signal)

Counter clear signal | |

TCNT N H'0000

Clearing has pr

Figure 14.52 Contention between TCNT Writeand Clear Operations

2. Contention between TCNT Write and Increment Operations: If incrementation isdo
state of a TCNT write cycle, TCNT writing has priority. Figure 14.53 shows the tim
case.

TCNT write cycle
Ty Tp
[— | ——

>< TCNT address><

[ 1
[ 1

WTCNT
(internal write signal)

TCNT input clock

TCNT N >< o« M

TCNT write data

Figure14.53 Contention between TCNT Writeand Increment Operatior
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TCNT
N >< N+1

GR N >< /M

GR write data

Compare match H +<—— Disabled

signal

Figure 14.54 Contention between GR Write and Compare Match
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B R i | |

TCNT input clock | |
Overflow signal | |

TCNT H'FFFF >< P M
TCNT write data

OVF |

Figure 14.55 Contention between TCNT Write and Overflow
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signal | 1

Input capture
signal | |

GR X X M

Internal data /. \

bus \ X )

Figure 14.56 Contention between GR Read and Input Capture
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TCNT input clock | |

TCNT N >< H'0000

GR >< N

Clearing has priorit

Figure 14.57 Contention between Count Clearing and Increment Oper atic
by Input Capture
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Input capture | |

signal

TCNT N

GR >< M\

GR write data

Figure 14.58 Contention between GR Writeand Input Capture

8. Notes on Setting Reset Synchronous PWM M ode/Complementary PWM Mode: Whe
CMD1 and CMDO in TFCR are set, note the following:

A. Write bits CMD1 and CMDO while TCNT_1 and TCNT_O are halted.

B. Changing the settings of reset synchronous PWM maode to complementary PWM |
vice versaisdisabled. Set reset synchronous PWM mode or complementary PWIV
after the normal operation (bits CMD1 and CMDO are cleared to 0) has been set.

9. Notes on Writing to the TOAO to TODO Bits and the TOA1 to TOD1 Bitsin TOCR:

The TOAO to TODO bits and the TOA1 to TOD1 hitsin TOCR decide the value of th
pin, which is output until the first compare match occurs. Once a compare match occt
this compare match changes the values of FTIOAOQ to FTIODO and FTIOA1 to FTIOI
output, the values of the FTIOAQ to FTIODO and FTIOA1 to FTIOD1 pin output and
values read from the TOAO to TODO and TOA1 to TOD1 bits may differ. Moreover,

writing to TOCR and the generation of the compare match A0 to DO and A1to D1 oc
same timing, the writing to TOCR has the priority. Thus, output change due to the col
match is not reflected to the FTIOAO to FTIODO and FTIOA1 to FTIOD1 pins. There
when bit manipulation instruction is used to write to TOCR, the values of the FTIOA
FTIODO and FTIOA1 to FTIOD1 pin output may result in an unexpected result. Whe
isto be written to while compare match is operating, stop the counter once before acc
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Set value 0 0 0 0 0 1 1 0

BCLR#2, @ TOCR

(1) TOCR read operation: Read H'06

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

o UL

TOCR
write signal

Compare match
signal BO

FTIOBO pin \‘-

Remains high because the 1 writing to TOB has priol

Figure 1459 When Compare Match and Bit Manipulation Instruction to T¢
Occur at the Same Timing
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Lo E

0 —»| PSS TCWD ~ gl

€

[

L E

TMWD - >
[Legend] L

TCSRWD: Timer control/status register WD Internal reset

TCWD: Timer counter WD signal
PSS: Prescaler S
TMWD: Timer mode register WD

Figure15.1 Block Diagram of Watchdog Timer

15.1 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 BeWI 1

R/W

Bit 6 Write Inhibit

The TCWE bit can be written only when the wr
of the B6WI bit is 0.

This bit is always read as 1.

6 TCWE 0

R/W

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

When writing data to this bit, the value for bit 7
0.

5 B4wI 1

R/W

Bit 4 Write Inhibit

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

4 TCSRWE 0

R/W

Timer Control/Status Register WD Write Enabl

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

When writing data to this bit, the value for bit 5
0.

3 B2WI 1

R/W

Bit 2 Write Inhibit

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

This bit is always read as 1.
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e vvhen VU IS writien 10 the VWDUN DIt wniie v
the B2WI when the TCSRWE bit=1

BOwI 1 R/W Bit 0 Write Inhibit

This bit can be written to the WRST bit only w
write value of the BOWI bit is 0. This bit is alw
as 1.

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

When TCWD overflows and an internal reset
generated

[Clearing conditions]

e Reset by RES pin

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

Bit Bit Name R/W Description
7to4 — All 1 — Reserved

These bits are always read as 1.
3 CKS3 1 R/W Clock Select3t0 0
2 CKS2 1 R/W Select the clock to be input to TCWD.
1 CKS1 1 R/W 1000: Internal clock: counts on ¢/64
0 CKSO0 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
Oxxx: Internal oscillator

For the internal oscillator overflow periods, see€
23, Electrical Characteristics.

[Legend] x: Don't care.

Rev. 3.00 Mar. 15,2006 Page 292 of 526

REJ09B0060-0300

RENESAS



Figure 15.2 shows an example of watchdog timer operation.

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

4% 10°
8192

x 30 x 1078 = 14.6

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

TCWD overflow
Ll e e R LR LT R e ECEEE Y
T H'F1---
TCWD
count value
H'00 7 { ---------------------------------- - —
Start v
H'F1 written H'F1 written to TCWD Reset generated
to TCWD
Internal reset I_l
signal
>

256 ¢, Clock cycles

Figure15.2 Watchdog Timer Operation Example
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e Pulsedivision method for lessripple

PWCR  |&—|
3
©
©
PWDRL l«—>»| ©
£
o
PWDRU < £
\
Y
o/4 > PWM waveform - PWM
o2 —> generator o

[Legend]

PWCR: PWM control register
PWDRL: PWM data register L
PWDRU: PWM data register U
PWM: PWM output pin

Figure16.1 Block Diagram of 14-Bit PWM

16.2  Input/Output Pin
Table 16.1 shows the 14-bit PWM pin configuration.

Table16.1 Pin Configuration

Name Abbreviation /O Function

14-bit PWM square-wave output PWM Output  14-bit PWM square-wave
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FVVLR SEleCls e CONver Slor perod.

Initial
Bit Bit Name Value R/W Description
7 — 1 — Reserved
6 — 1 — These bits are always read as 1, and cannot b
5 _ 1 _ modified.
4 — 1 —
3 — 1 —
2 — 1 —
1 — 1 —
0 PWCRO 0 R/W  Clock Select

0: The input clock is ¢/2 (t¢ = 2/¢)
— The conversion period is 16384/¢, with
minimum modulation width of 1/¢
1: The input clock is ¢/4 (td = 4/¢)
— The conversion period is 32768/¢, with
minimum modulation width of 2/¢

[Legend] t¢: Period of PWM clock input
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PWDRU and PWDRL areinitialized to H'CO0O.

164 Operation
When using the 14-bit PWM, set the registersin this sequence:

1. Set the PWM hit in the port mode register 1 (PMR1) to set the P11/PWM pin to fun
PWM output pin.

2. Set the PWCRO hit in PWCR to select a conversion period of either.

3. Set the output waveform datain PWDRU and PWDRL. Be sure to write byte data fi
PWDRL and then to PWDRU. When the datais written in PWDRU, the contents of
registers are latched in the PWM waveform generator, and the PWM waveform gen
datais updated in synchronization with internal signals.

One conversion period consists of 64 pulses, as shown in figure 16.2. The total high-lev
during this period (T,,) corresponds to the datain PWDRU and PWDRL. Thisrelation c
expressed as follows:

T, = (data value in PWDRU and PWDRL + 64) x t¢/2

wheret¢ is the period of PWM clock input: 2/¢ (bit PWCRO = 0) or 4/¢ (bit PWCRO = .
If the datavalue in PWDRU and PWDRL is from H'FFCO to H'FFFF, the PWM output
When the data value is H'C000, T,, is calculated as follows:

T, =64x10/2=321t0
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A ST AT BT A R TR T T el it gt el el i o e S0 e A IT S A T MRS

SCI3. Since basic pin functions are identical for each of the three channels (SCI3, SCI3
SCI3_3), separate explanations are not given in this section.

17.1 Features

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

The transmitter and receiver are mutually independent, enabling transmission and re
be executed simultaneously.

Double-buffering is used in both the transmitter and the receiver, enabling continuot
transmission and continuous reception of serial data.

On-chip baud rate generator allows any bit rate to be selected
External clock or on-chip baud rate generator can be selected as a transfer clock soul
Six interrupt sources

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

Noise canceller (only for SCI3_3)

Asynchronous mode

Datalength: 7 or 8 hits

Stop bit length: 1 or 2 bits

Parity: Even, odd, or none

Receive error detection: Parity, overrun, and framing errors

Break detection: Break can be detected by reading the RxD pin level directly in the
framing error
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oCR3 FFFAA
TDR HFFFFAB
SSR HFFFFAC
RDR HFFFFAD
RSR —
TSR —

Channel 2 SCI3_2 SCK3_2 SMR_2 HFFF740  Nor

?)’((8:22 BRR_2 HFFF741

SCR3_2 HFFF742
TDR_2 HFFF743
SSR_2 HFFF744
RDR_2 HFFF745
RSR_2 —
TSR_2 —

Channel 3 SCI3_3 SCK3_3 SMR_3 HFFF600  Yes

_Fr*;((g:g BRR_3 HFFF601

SCR3_3 H'FFF602
TDR_3 HFFF603
SSR_3 HFFF604
RDR_3 H'FFF605
RSR_3 —
TSR_3 —
SMCR_3*' H'FFF608
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When COM in SMR is cleared to 0
bit is set to 1, noise in the RXD_3 i
is taken.

1

TXD_3 0 R/W  TXD_3 Pin Select
Selects P92/TXD_3 pin function.
0: General input pin is selected
1: TXD_3 output pin is selected

0

MSTS3_.3 0 R/W  SCI3_3 Module Standby

When this bit is set to 1, SCI3_3 er
standby state.

Noise canceller

The RXD_3input signa isloaded internally via the noise canceller. The nois
consists of three latch circuits and match detection circuit connected in series
RXD_3input signa is sampled on the basic clock with afrequency 16 times
transfer rate, and the level is passed forward to the next circuit when outputs
latches match. When the outputs are not match, previous valueis retained. In
word, when the same level is retained more than three clocks, the input signa
acknowledged as asignal. When the level is changed within three clocks, the
acknowledged as not a signal change but noise.

Rev. 3.00 Mar. 15, 2006 Pag
RENESAS REJOC



SCK3 0 External l«— Internal clock (¢/64, 4/16, ¢/4, ¢)
clock Baud rate generator
BRC < | BRR |< ~
Clock
<—| SMR |<—> "
Transmit/receive a
©
control circuit ‘_l SCR3 |<_> 3
©
—»I SSR |<—> g
k=
TXD A Y
o<——| TSR |<—| TDR |<—>
/
RXD 0—————»| RSR | RDR -
[Legend]
RSR: Receive shift register

RDR:
TSR:
TDR:
SMR:
SCR3:
SSR:
BRR:
BRC:

Receive data register
Transmit shift register
Transmit data register
Serial mode register
Serial control register 3
Serial status register
Bit rate register

Bit rate counter

Interrupt request
(TEI, TXI, RXI, E

Figure17.1 Block Diagram of SCI3
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17.3  Register Descriptions
The SCI3 hasthe following registers for each channel.

¢ Receive Shift Register (RSR)

¢ Receive Data Register (RDR)

e Transmit Shift Register (TSR)

e Transmit Data Register (TDR)

e Seria Mode Register (SMR)

e Seria Control Register 3 (SCR3)

e Seria Status Register (SSR)

¢ Bit Rate Register (BRR)

e Serial mode control register 3 (SMCR3)

17.31 Receive Shift Register (RSR)

RSR is a shift register that is used to receive serial datainput from the RxD pin and con
parallel data. When one frame of data has been received, it istransferred to RDR autom
RSR cannot be directly accessed by the CPU.

17.3.2 Receive Data Register (RDR)

RDR is an 8-hit register that stores received data. When the SCI3 has received one fran
data, it transfers the received seria datafrom RSR to RDR, whereit is stored. After this
receive-enabled. As RSR and RDR function as a double buffer in thisway, continuous
operations are possible. After confirming that the RDRF bit in SSR is set to 1, read RDF
once. RDR cannot be written to by the CPU. RDR isinitialized to H'00.
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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.

17.35 Serial Mode Register (SMR)

SMR is used to set the SCI3's serial transfer format and select the baud rate generator clo
source.

Initial
Bit Bit Name Value R/W Description
7 COM 0 R/W Communication Mode
0: Asynchronous mode
1: Clocked synchronous mode
6 CHR 0 R/W Character Length (enabled only in asynchrono
0: Selects 8 bits as the data length.
1: Selects 7 bits as the data length.
5 PE 0 R/W Parity Enable (enabled only in asynchronous n

When this bit is set to 1, the parity bit is added
transmit data before transmission, and the par
checked in reception.

4 PM 0 R/W Parity Mode (enabled only when the PE bit is 1
asynchronous mode)

0: Selects even parity.
1: Selects odd parity.
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When this bit is set to 1, the multiprocessor

communication function is enabled. The PE b
bit settings are invalid in multiprocessor mode
clocked synchronous mode, clear this bit to O

CKSH1
CKS0

0
0

R/W
R/W

Clock Select 0 and 1

These bits select the clock source for the bau
generator.

00: ¢ clock (n =0)
01: ¢/4 clock (n = 1)
10: ¢/16 clock (n = 2)
11: ¢/64 clock (n = 3)

For the relationship between the bit rate regis
and the baud rate, see section 17.3.8, Bit Rat
(BRR). n is the decimal representation of the
in BRR (see section 17.3.8, Bit Rate Register
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R/W

Receive Interrupt Enable

When this bit is set to 1, RXI| and ERI interrupt
are enabled.

R/W

Transmit Enable
When this bit s set to 1, transmission is enable

R/W

Receive Enable
When this bit is set to 1, reception is enabled.

R/W

Multiprocessor Interrupt Enable (enabled only
MP bit in SMR is 1 in asynchronous mode)

When this bit is set to 1, receive data in which
multiprocessor bit is 0 is skipped, and setting ¢
RDRF, FER, and OER status flags in SSR is d
On receiving data in which the multiprocessor
this bit is automatically cleared and normal rec
resumed. For details, see section 17.6, Multipr
Communication Function.

6 RIE
5 TE
4 RE
3 MPIE
2 TEIE

R/W

Transmit End Interrupt Enable

When this bit is set to 1, TEl interrupt request i
enabled.
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Inputs a clock with a frequency 16 times t
from the SCK3 pin.

11:Reserved

e Clocked synchronous mode

00: On-chip clock (SCKS pin functions as cloc
01:Reserved

10: External clock (SCKS3 pin functions as clo
11:Reserved

17.3.7 Serial StatusRegister (SSR)

SSR isaregister containing status flags of the SCI3 and multiprocessor bits for transfer.
be written to flags TDRE, RDRF, OER, PER, and FER; they can only be cleared.

Initial
Bit Bit Name Value R/W Description
7 TDRE 1 R/W Transmit Data Register Empty

Indicates whether TDR contains transmit date
[Setting conditions]

e When the TE bitin SCR3is 0

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

e When 0 is written to TDRE after reading T
¢ When the transmit data is written to TDR
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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 OE

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 FEF

3 PER 0 R/W

Parity Error

[Setting condition]

e When a parity error is detected during rece
[Clearing condition]

e When 0 is written to PER after reading PEI

2 TEND 1 R

Transmit End
[Setting conditions]
e When the TE bitin SCR3is 0

e When TDRE = 1 at transmission of the last
1-frame serial transmit character

[Clearing conditions]
e When 0 is written to TDRE after reading TL
e When the transmit data is written to TDR
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17.3.8 Bit Rate Register (BRR)

BRR isan 8-bit register that adjusts the bit rate. Theinitial value of BRR is H'FF. Table
shows the relationship between the N setting in BRR and the n setting in bits CKS1 and
SMR in asynchronous mode. Table 17.4 shows the maximum bit rate for each frequenc
asynchronous mode. The values shown in both tables 17.3 and 17.4 are valuesin active
speed) mode. Table 17.5 shows the relationship between the N setting in BRR and the n
bits CKS1 and CKS0 of SMR in clocked synchronous mode. The values shown in table
valuesin active (high-speed) mode. The N setting in BRR and error for other operating

frequencies and bit rates can be obtained by the following formulas:

[Asynchronous M ode]
- 1081
64 x 221 x B
o ¢ x 108
Error (%) _{(N T 1) x B x 64 x 2271 - 1} x 100
[Clocked Synchronous Mode]
Nz — % 1061

8x22n-1x B

[Legend]

B: Bit rate (bit/s)

N: BRR setting for baud rate generator (0 < N < 255)
o: Operating frequency (MHz)

n: CSK1 and CSKO settings in SMR (0 < n < 3)
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1200 0 51 0.16 0 54 -0.70 0 63 0.00 0 77
2400 0 25 0.16 0 26 1.14 0 31 0.00 0 38
4800 0 12 0.16 0 18 -2.48 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 O 1 -1467 O 1 0.00 —_ —
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&TVVY v V.V v V. 1V v V.V v
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 —6.99 0 0.00 0
31250 - - = 0 0.00 0 -1.70 0
38400 0 2 0.00 0 8.51 0 0.00 0
[Legend]

—: A setting is available but error occurs

RENESAS
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1200 0 155 0.16 0 159 0.00 0 191
2400 0 77 0.16 0 79 0.00 0 95
4800 0 38 0.16 0 39 0.00 0 47
9600 0 19 —2.34 0 19 0.00 0 23
19200 0 —2.34 0 0.00 0 11
31250 0 0.00 0 2.40 0 6
38400 0 —2.34 0 0.00 0 5
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=TV hd Ve Vv v el V.UV Y ey ViV
4800 0 51 0.16 0 63 000 O 64 016 O 77
9600 0 25 0.16 0 31 000 O 32 -136 0 38
19200 0 12 0.16 0 15 000 O 15 173 0 18
31250 0 7 000 O 9 -1.70 0 9 0.00 O 11
38400 0 6 -6.99 0 7 000 O 7 173 0 9
[Legend]
—: A setting is available but error occurs.
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1200 1 79 0.00 1 90 0.16 1 95 0.00 1 108
2400 0 159 0.00 0 181 0.16 0 191  0.00 0 207
4800 0 79 0.00 0 90 0.16 0 95 000 O 10C
9600 0 39 0.00 0 45 -093 0 47 0.00 0 51
19200 0 19 0.00 0 22 -093 0 23 0.00 0 25
31250 0 11 2.40 0 13 0.00 0 14 -1.70 0 15
38400 0 9 0.00 — — — 0 11 0.00 0 12
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&TVVY v L V. 1V ! V. 1V
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.

Table17.4 Maximum Bit Rate for Each Frequency (Asynchronous M ode)

Maximum Bit

Maximum Bit

¢ (MHz) Rate (bit/s) n N ¢ (MHz)  Rate (bit/s) n
2 62500 0 0 8 250000 0
2.097152 65536 0 0 9.8304 307200 0
2.4576 76800 0 0 10 312500 0
3 93750 0 0 12 375000 0
3.6864 115200 0 0 12.288 384000 0
4 125000 0 0 14 437500 0
4.9152 153600 0 0 14.7456 460800 0
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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TUN v J v JgJI v gJg v &erJd 1
25k 0 19 0 39 0 79 0 99 0
50k 0 9 0 19 0 39 0 49 0
100k 0 4 0 9 0 19 0 24 0
250k 0 1 0 3 0 7 0 9 0
500k 0 o* 0 1 0 3 0 4 0
M 0 0* 0 1 — — 0
2M 0 0* — — 0
2.5M 0 0* —
4M 0
[Legend]

Blank: No setting is available.
—: A setting is available but error occurs.
*: Continuous transfer is not possible.
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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 0

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.

RENESAS
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serial | Start | Transmit/receive data |Plarity| Stop bit Mark stat
data | bit bit
1 bit 7 or 8 bits 1 bit, 1or

ornone 2 bits
One unit of transfer data (character or frame)

A

Figure17.2 Data Format in Asynchronous Communication

17.41 Clock

Either an internal clock generated by the on-chip baud rate generator or an external clock
the SCK3 pin can be selected as the SCI3's serial clock, according to the setting of the C(
SMR and the CKEO and CKEL1 bits in SCR3. When an external clock isinput at the SCK
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 i
frequency of the clock output in this caseis equal to the bit rate, and the phase is such the
rising edge of the clock isin the middle of the transmit data, as shown in figure 17.3.

CIock|I|||I|I|||||||||||||||||||||I|I

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

1 character (frame)

Figure 17.3 Relationship between Output Clock and Transfer Data Phase
(Asynchronous M ode) (Example with 8-Bit Data, Parity, Two Stop Bits)
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C Start initialization

Clear TE and RE bits in SCR3 to 0

Set CKE1 and CKEO bits in SCR3

Set data transfer format in SMR

Set value in BRR

Wait

(1]

(2]

(3]

1-bit interval elapsed?

Set TE and RE bits in
SCRS3to 1, and set RIE, TIE, TEIE,
and MPIE bits. For transmit (TE=1),

also set the TxD bit in PMR1.

<Initialization completion>

No

(4]

]

(2]
(3]

[4]

Set the clock selection in SCRS3.
Be sure to clear bits RIE, TIE, TEIE, and
MPIE, and bits TE and RE, to 0.

When the clock output is selected 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 SCR3to 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.

Figure17.4 Sample SCI3 Initialization Flowchart
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3. The SCI3 checks the TDRE flag at the timing for sending the stop bit.

4. If the TDRE flag isO, the datais transferred from TDR to TSR, the stop bit is sent, ar
serial transmission of the next frameis started.

5. If the TDRE flagis 1, the TEND flag in SSRis set to 1, the stop bit is sent, and then t
state” is entered, in which 1 isoutput. If the TEIE bit in SCR3 isset to 1 at thistime,
interrupt request is generated.

6. Figure 17.6 shows a sample flowchart for transmission in asynchronous mode.
Start Transmit Parity Stop Start Transmit Parity Stop Martk
bit data bit  bit bit data bit  bit state
Serial 1 1o [po|bp1]  |pzfo1] 1] o |Dof[D1]| b7 ]oa| 1
data ¥ it
| 1 frame P 1 frame |
™ T >
TDRE
A A A
TEND |
LSI TXI interrupt TDRE flag TXI interrupt request generated TEl interrupt req
operation request cleared to 0 generated
User generated Data written
processing to TDR

Figure17.5 Example of SCI3 Transmission in Asynchronous Mode

(8-Bit Data, Parity, One Stop Bit)

Rev. 3.00 Mar. 15,2006 Page 320 of 526

REJ09B0060-0300

RENESAS



Yes
[2] All data transmitted?

No

Read TEND flag in SSR

Yes

Break output?

Yes

(3]

Clear PDR to 0 and set PCR to 1

Clear TE bitin SCR3 to 0

<End>

Figure17.6 Sample Serial Transmission Data Flowchart (Asynchronous M
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RDR. If the RIE bit in SCR3 is set to 1 at thistime, an ERI interrupt request is geners

If aframing error is detected (when the stop bit is 0), the FER bit in SSRissetto 1 ar

dataistransferred to RDR. If the RIE bit in SCR3 is set to 1 at thistime, an ERI inter

request is generated.

If reception is completed successfully, the RDRF bit in SSR is set to 1, and receive dz

transferred to RDR. If the RIE bit in SCR3isset to 1 at thistime, an RXI interrupt re
generated. Continuous reception is possible because the RX1 interrupt routine reads tl
data transferred to RDR before reception of the next receive data has been completed.

Start Receive Parity Stop Start Receive
bit data bit  bit bit data

Parity Stop  Mark state

(idle state)

\
1

Serial 1 |0 [po|D1] f |p7 [o1] 1] o [DofDi1] : [p7 Jor1 | o | 1

data

| 1 frame P 1 frame

RDRF ) [ l

FER :,:. ? ?

-

LSI RXlI request RDRF
operation cleared to 0

User RDR data read
processing

A

0 stop bit  ERI
detected resp
fram

Frar
proc

Figure17.7 Example of SCI3 Reception in Asynchronous Mode

(8-Bit Data, Parity, One Stop Bit)
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Transferred to RDR

Framing error + pari

Lost

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 + fram
1 1 0 1 Lost Overrun error + pari
0 0 1 1

1 1 1 1

Overrun error + framr
parity error

The RDRF flag retains the state it had before data reception.
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Il
Read RDRF flag in SSR [2]

<

Yes

4]

Read receive data in RDR

-

Yes i 3
All data received? 3]

() - No

Clear RE bit in SCR3to 0

<End>

I'ne RURF 1lag Is Cleared automatic

If a receive error occurs, read the (
and FER flags in SSR to identify th
After performing the appropriate er
processing, ensure that the OER, |
FER flags are all cleared to 0. Rec
cannot be resumed if any of these
setto 1. In the case of a framing e
break can be detected by reading t
of the input port corresponding to t
pin.

Figure17.8 Sample Serial Reception Data Flowchart (Asynchronous M ode)
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Break?

Framing error processing

No

Parity error processing

N
|

Clear OER, PER, and
FER flags in SSR to 0

<End>

Figure17.8 Sample Serial Reception Data Flowchart (Asynchronous M ode
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also have a double-buffered structure, so data can be read or written during transmission
reception, enabling continuous data transfer.

8-bit

One unit of transfer data (character or frame)

SynchronizationIllllllllllllllllll
clock

' LSB MSB
Serial data A XBito X Bit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7 X &
[ ' a

Don't care Don't care

Note: * High except in continuous transfer

Figure17.9 DataFormat in Clocked Synchronous Communication

17.5.1 Clock

Either an internal clock generated by the on-chip baud rate generator or an external

synchronization clock input at the SCK3 pin can be selected, according to the setting of tl
bit in SMR and CKEQ and CKEL1 bitsin SCR3. When the SCI3 is operated on an internal
the synchronization clock is output from the SCK 3 pin. Eight synchronization clock puls
output in the transfer of one character, and when no transfer is performed the clock is fix

17.5.2 SCl3Initialization

Before transmitting and receiving data, the SCI3 should beinitialized as described in a s
flowchart in figure 17.4.
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has been specified. Serial dataistransmitted sequentially from the LSB (bit 0), from
pin.
The SCI3 checks the TDRE flag at the timing for sending the MSB (bit 7).
If the TDRE flag is cleared to O, datais transferred from TDR to TSR, and serid tra
of the next frame is started.
If the TDRE flag isset to 1, the TEND flag in SSR is set to 1, and the TDRE flag n
the output state of the last bit. If the TEIE bit in SCR3isset to 1 at thistime, a TEI
request is generated.
The SCK3 pin isfixed high at the end of transmission.

Figure 17.11 shows a sample flow chart for serial datatransmission. Even if the TDRE
cleared to O, transmission will not start while areceive error flag (OER, FER, or PER) i
Make sure that the receive error flags are cleared to 0 before starting transmission.

Serial ' :
clock W\_(NWW
Seral x Bito X Bit1 X X Bit75>< Bito ) Bit1 X ;X Bite X Bit7

()

1 frame ! 1 frame

TDRE 0

A A A —
TEND

ﬂk

LSl TXI interrupt TDRE flag TXI interrupt request generated TEl interruy
operation request cleared generated

generated to0
User Data written
processing to TDR

Figure17.10 Example of SCI3 Transmission in Clocked Synchronous Mo
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Yes
[2] All data transmitted?

No

Read TEND flag in SSR

=

Yes

Clear TE bit in SCR3 to 0

T
<End>

Figure17.11 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 SCR3is set to 1 at thistime, an RXI interrupt |
generated.

AV VAW A VaVAVAVAWAN

Serial 3( Bit7><§ Bito X X Bit7><§ Bito X Bit1 X X Bit6 X Bit7><:

! 1 frame ! 1 frame !

RDRF ] . | :
OER / T " T " r
LSl RXlinterrupt  RDRF flag RXI interrupt request generated ERI inter
operation request cleared generate

generated to0 overrun ¢
User RDR data read RDR data has Overrun
processing not been read processil

(RDRF = 1)

Figure17.12 Example of SCI3 Reception in Clocked Synchronous M ode
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4]

Error processing

(Continued below)

Read RDRF flag in SSR

| [2]

No

Yes

Read receive data in RDR

Yes

All data received?

[3]

Clear RE bit in SCR3 to 0

<End>

[4] ( Error processing

Overrun error processing

Clear OER flag in SSR to 0

<End>

(3]

4]

To continue serial reception, befo
MSB (bit 7) of the current frame i
reading the RDRF flag and readir
should be finished. When data is
RDR, the RDRF flag is automatic
cleared to 0.

If an overrun error occurs, read tf
flag in SSR, and after performing
appropriate error processing, clez
flag to 0. Reception cannot be re
the OER flag is set to 1.

Figure17.13 Sample Serial Reception Flowchart (Clocked Synchronous Mo
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( Start transmission/reception ) [1]1 Read SSR and check that the -
— is set to 1, then write transmit ¢
1 TDR.

| Read TDRE flag in SSR [ 1 When data is written to TDR, tt

flag is automatically cleared to

No [2] Read SSR and check that the |
is set to 1, then read the receiv

Yes RDR. ‘
When data is read from RDR, t
| Write transmit data to TDR | flag is automatically cleared to

[3] To continue serial transmissior
| reception, before the MSB (bit
current frame is received, finist
the RDRF flag, reading RDR. .
before the MSB (bit 7) of the ct
frame is transmitted, read 1 fro
TDRE flag to confirm that writir
possible. Then write data to Tl
When data is written to TDR, tt
flag is automatically cleared to
data is read from RDR, the RD
No automatically cleared to 0.

[4] If an overrun error occurs, reac
flag in SSR, and after performil
appropriate error processing, C
OER flag to 0. Transmission/r
cannot be resumed if the OER
to 1.

For overrun error processing, s
17.13.

| Read OER flag in SSR

Yes

| Clear TE and RE bits in SCR to 0 |

<End>

Figure17.14 Sample Flowchart of Simultaneous Serial Transmit and Receive O
(Clocked Synchronous Mode)
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communication using the multiprocessor format. The transmitting station first sendsthe |
of the receiving station with which it wants to perform serial communication as data with
multiprocessor bit added. It then sends transmit data as data with a O multiprocessor bit a
When data with a 1 multiprocessor bit is received, the receiving station compares that da
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 s
transfer of receive datafrom RSR to RDR, error flag detection, and setting the SSR statu:
RDRF, FER, and OER, to 1, areinhibited until data with a 1 multiprocessor bit is receive
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 in
set to 1 at thistime, an RXI interrupt is generated.

When the multiprocessor format is selected, the parity bit setting is rendered invalid. All
settings are the same as those in normal asynchronous mode. The clock used for multiprc
communication is the same as that in normal asynchronous mode.
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MIFD. MiUiiprocessor Dit

Figure17.15 Example of Inter-Processor Communication Using Multipr ocessor
(Transmission of Data H'AA to Receiving Station A)
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TDR, the TDRE flag is automatically

@ No cleared to 0.
[2] To continue serial transmission, be

Yes sure to read 1 from the TDRE flag to
— confirm that writing is possible, then
| Set MPBT bit in SSR | write data to TDR. When data is
. 1 written to TDR, the TDRE flag is
| Write transmit data to TDR | automatically cleared to 0.

[3] To output a break in serial
transmission, set the port PCR to 1,
clear PDR to 0, then clear the TE bit
in SCR3to 0.

| Clear PDR to 0 and set PCR to 1 |

|
| Clear TE bit in SCR3 to 0 |

Figure17.16 Sample Multiprocessor Serial Transmission Flowchart
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| Set MPIE bit in SCR3 to 1 | 1l

| Read OERand FERflagsinSSR | [2]

Yes
| Read receive data in RDR |

This station's ID?

Yes

| Read OER and FER flags in SSR |

Yes
FER+OER =1

No
| Read RDRF flag in SSR |

No
( Error processing )

Yes

| Read receive data in RDR |

| Clear RE bitin SCR3 to 0 [

[
<End>

=] "ivav el it =il A T

errors. Receive error processing is |
in cases where a receive error occul

[3] Read SSR and check that the RDRF
set to 1, then read the receive data i
and compare it with this station’s ID.
If the data is not this station’s ID, sef
bit to 1 again.
When data is read from RDR, the Rl
is automatically cleared to 0.

[4] Read SSR and check that the RDRF
set to 1, then read the data in RDR.

[5] If a receive error occurs, read the Ol
FER flags in SSR to identify the errc
performing the appropriate error pro
ensure that the OER and FER flags
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

4]
[5]

(Continued on
next page)

Figure17.17 Sample Multiprocessor Serial Reception Flowchart (1)

RENESAS
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Yes

No (Al

| Framing error processing |

Clear OER, and
FER flags in SSR to 0

<End>

Figure17.17 Sample Multiprocessor Serial Reception Flowchart (2)
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Lol AALINerupt nunRr lay AALINerupt
operation request cleared is not genera
MPIE cleared to0 RDR retains |
User 0 RDR data read When data is not
processing this station's ID,
MPIE is setto 1
again

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

Start Receive Stop Start Receive data Stop Mark st
bit data (ID2)  MPB bit bit (Data2) MPB bit  (idle sta
Serial 1 | o |po|pt]  |p7| 1] 1] o]|po|D1t]|  [p7 |0 | 1
data G {t
1 frame

1 frame |
1

\/

MPIE ¢ | ) [

RDRF . / | | \ ]
// £ .
RDR D1 // X \ID2 X Data2 \

value
LSl RXI interrupt RDREF flag RXl interrupt RDRF flag
operation request cleared request cleared
MPIE cleared to0 to0
User 00 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

Figure17.18 Example of SCI3 Reception Using Multiprocessor For mat
(Examplewith 8-Bit Data, M ultiprocessor 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
the generation of these interrupt requests (TXI and TEI), set the enable bits (TIE and TEI
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 clear PDR to 0, and then clear TE to 0. When TE iscleared to O, tl
transmitter isinitialized regardless of the current transmission state, the TxD pin becom
port, and O is output from the TxD pin.

17.8.3 Receive Error 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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... Formula (1)

[Legend]

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

D: Clock duty (D =0.510 1.0)

L: Frame length (L =9 to 12)

F: Absolute value of clock rate deviation

Assuming values of F (absolute value of clock rate deviation) = 0 and D (clock duty) = 0
formula (1), the reception margin can be given by the formula.

M = {0.5 — 1/(2 x 16)} x 100 [%] = 46.875%

However, thisis only the computed value, and a margin of 20% to 30% should be allowe
system design.

16 clocks
8 clocks
0 7| 15/ 0 7 150

Internal basic m”I””l”I””l“”I“”l”I”“”l”I””””l“l””””””“l
clock

Receive data —:LI' !

(RxD)

Start bit [D1

Synchronization | H " "
sampling timing _! L L

Data sampling A i
timing ﬂ N

Figure17.19 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 independ
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 synchronize
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

Rev. 3.00 Mar. 15, 2006 Pag
RENESAS REJOC



Output | SAR_|<—>

control
v oy

Noise canceler Address
comparator

A A

|_6
o
X
(@]

SDA

Internal de

A
ICDRR I >
| Bus state
»| decision circuit
Y 4
> Arbitration |
decision circuit 'I ICSR ——
| ICIER I: >
[Legend] |

ICCR1: I2C bus control register 1

ICCR2: I2C bus control register 2 — Interrupt
ICMR: 2C bus mode register generator
ICSR: [2C bus status register

ICIER: [2C bus interrupt enable register
ICDRT: I2C bus transmit data register
ICDRR: I2C bus receive data register
ICDRS: I12C bus shift register

SAR: Slave address register

> Inte

Y

Figure18.1 Block Diagram of 1°C Bus Interface 2
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SDA in SDA in
SDA out —| SDA out —|

(Slave 1) (Slave 2)

Figure18.2 External Circuit Connections of I/O Pins

18.2  Input/Output Pins

Table 18.1 summarizes the input/output pins used by the I°C bus interface 2.

Table18.1 Pin Configuration

Name Abbreviation /0 Function
Serial clock SCL I/0 IIC serial clock input/output
Serial data SDA /0 IIC serial data input/output
Rev. 3.00 Mar. 15, 2006 Pag
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e |I°C bus transmit data register (ICDRT)
e I°C busreceive dataregister (ICDRR)
e |I°C bus shift register (ICDRS)

18.3.1 I°C BusControl Register 1 (ICCR1)

ICCR1 enables or disables the I°C businterface 2, controls transmission or reception, anc
master or slave mode, transmission or reception, and transfer clock frequency in master r

Initial
Bit Bit Name Value R/W Description
7 ICE 0 R/W I°C Bus Interface Enable

0: This module is halted. (SCL and SDA pins a
port function.)

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

6 RCVD 0 R/W Reception Disable

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

0: Enables next reception
1: Disables next reception
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overrun error occurs in master mode with the
synchronous serial format, MST is cleared to
slave receive mode is entered.

Operating modes are described below accorc
MST and TRS combination. When clocked sy
serial format is selected and MST is 1, clock i

00: Slave receive mode
01: Slave transmit mode
10: Master receive mode
11: Master transmit mode

o = N W

CKS3
CKS2
CKS1
CKS0

O O © o

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

Transfer Clock Select 3to 0

These bits should be set according to the nec
transfer rate (see table 18.2) in master mode.
mode, these bits are used for reservation of |
time in transmit mode. The time is 10t whe
O0and20t, when CKS3 = 1.
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v O/lle 94.0RKMAZ /1.4 KN4 OJ.0ORKMZ 140 KN4

1 ¢/128 39.1kHz 62.5kHz 78.1kHz 125kHz

1 0 0 ¢/56 89.3kHz 143kHz 179kHz 286 kHz
1 ¢/80 62.5kHz 100kHz 125kHz 200 kHz

0 ¢/96 52.1kHz 83.3kHz 104kHz 167 kHz

1 ¢/128 39.1kHz 625kHz 78.1kHz 125kHz

1 0 ¢/160 31.3kHz 50.0kHz 62.5kHz 100 kHz

1 ¢/200 25.0kHz 40.0kHz 50.0kHz 80.0 kHz

0 ¢/224 22.3kHz 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 L
this bit is set to 1 when the SDA level change
high to low under the condition of SCL = high
that the start condition has been issued. This
cleared to 0 when the SDA level changes fror
high under the condition of SCL = high, assur
the stop condition has been issued. Write 1 tc
and 0 to SCP to issue a start condition. Folloy
procedure when also re-transmitting a start c
Write 0 in BBSY and 0 in SCP to issue a stop
To issue start/stop conditions, use the MOV i

SCP

Start/Stop Issue Condition Disable

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

To issue a start condition, write 1 in BBSY an
SCP. A retransmit start condition is issued in
way. To issue a stop condition, write 0 in BBS
SCP. This bit is always read as 1. If 1 is writte
data is not stored.

SDAO

1

R/W

SDA Output Value Control

This bit is used with SDAOP when modifying
level of SDA. This bit should not be manipula
transfer.

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

When writing, SDA pin is changed to outpt
(outputs high by external pull-up resistanc
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< — 1 — neservea
This bit is always read as 1.
1 IICRST 0 R/W IIC Control Part Reset

This bit resets the control part except for I’C re
this bit is set to 1 when hang-up occurs becaus
communication failure during I°C operation, I°C
part can be reset without setting ports and initi
registers.

0 — 1 — Reserved
This bit is always read as 1.

18.3.3 I°C BusMode Register (ICMR)

ICMR selects whether the MSB or LSB istransferred first, performs master mode wait c
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

Rev. 3.00 Mar. 15,2006 Page 348 of 526
REJ09B0060-0300 RENESAS



Reserved
These bits are always read as 1.

BCWP

R/W

BC Write Protect

This bit controls the BC2 to BCO modification:
modifying BC2 to BCO, this bit should be clea
and use the MOV instruction. In clock synchr
serial mode, BC should not be modified.

0: When writing, values of BC2 to BCO are se
1: When reading, 1 is always read.
When writing, settings of BC2 to BCO are inv:

—_

BC2
BC1
BCO

o

R/W
R/W
R/W

Bit Counter2to 0

These bits specify the number of bits to be tre
next. When read, the remaining number of tre
is indicated. With the I°C bus format, the data
transferred with one addition acknowledge bi
to BCO settings should be made during an int
between transfer frames. If bits BC2 to BCO 2
value other than 000, the setting should be m
the SCL pin is low. The value returns to 000 ¢
of a data transfer, including the acknowledge
the clock synchronous serial format, these bit
not be modified.

I°C Bus Format Clock Synchronous Ser

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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disapblea.

1: Transmit data empty interrupt request (TXI)
enabled.

6 TEIE 0 R/W

Transmit End Interrupt Enable

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

0: Transmit end interrupt request (TEI) is disak
1: Transmit end interrupt request (TEI) is enab

5 RIE 0 R/W

Receive Interrupt Enable

This bit enables or disables the receive data fu
interrupt request (RXI) and the overrun error in
request (ERI) with the clocked synchronous fo
when a receive data is transferred from ICDRS
ICDRR and the RDRF bit in ICSR is setto 1. F
be canceled by clearing the RDRF or RIE bit tc

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

1: Receive data full interrupt request (RXI) and
error interrupt request (ERI) with the clockec
synchronous format are enabled.
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STIE R/W Stop Condition Detection Interrupt Enable
0: Stop condition detection interrupt request (
disabled.
1: Stop condition detection interrupt request (
enabled.
ACKE R/W Acknowledge Bit Judgement Select
0: The value of the receive acknowledge bit is
and continuous transfer is performed.
1: If the receive acknowledge bit is 1, continu
transfer is halted.
ACKBR R Receive Acknowledge
In transmit mode, this bit stores the acknowle
that are returned by the receive device. This |
be modified.
0: Receive acknowledge = 0
1: Receive acknowledge = 1
ACKBT R/W Transmit Acknowledge

In receive mode, this bit specifies the bit to be
the acknowledge timing.

0: 0 is sent at the acknowledge timing.
1: 1 is sent at the acknowledge timing.
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e When IRo Is set

e When a start condition (including re-transfe
been issued

e When transmit mode is entered from recei\
in slave mode

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

6 TEND 0 R/W Transmit End
[Setting conditions]
e When the ninth clock of SCL rises with the
format while the TDRE flag is 1
e When the final bit of transmit frame is 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 inst
5 RDRF 0 R/W Receive Data Register Full

[Setting condition]

e When a receive data is transferred from IC
ICDRR

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

Rev. 3.00 Mar. 15,2006 Page 352 of 526
REJ09B0060-0300

RENESAS



3 STOP 0 R/W Stop Condition Detection Flag
[Setting conditions]
¢ In master mode, when a stop condition is
after frame transfer

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

[Clearing condition]

e When 0 is written in STOP after reading S
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[Setting conditions]

¢ If the internal SDA and SDA pin disagree a
of SCL in master transmit mode

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

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

[Clearing condition]
e When 0 is written in AL/OVE after reading
AL/OVE=A1
1 AAS 0 R/W Slave Address Recognition Flag

In slave receive mode, this flag is set to 1 if the
frame following a start condition matches bits ¢
SVAO in SAR.

[Setting conditions]

e When the slave address is detected in slav
mode

o When the general call address is detected
receive mode.

[Clearing condition]
e When 0 is written in AAS after reading AAS
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18.3.6 Slave Address Register (SAR)

SAR selects the communication format and sets the slave address. When the chipisin s
with the I°C bus format, if the upper 7 bits of SAR match the upper 7 bits of the first fra
received after a start condition, the chip operates as the slave device.

Initial
Bit Bit Name Value R/W Description
7to1 SVAG to All O R/W Slave Address 6 to 0
SVAO These bits set a unique address in bits SVA6

differing form the addresses of other slave de
connected to the I°C bus.

0 FS 0 R/W Format Select
0: I°C bus format is selected.

1: Clocked synchronous serial format is selec

Rev. 3.00 Mar. 15, 2006 Pag
RENESAS REJOC



ICDRR isan 8-bit register that stores the receive data. When data of one byte is received
transfers the receive data from ICDRS to ICDRR and the next data can be received. | CDI
receive-only register, therefore the CPU cannot write to thisregister. The initial value of
H'FF.

18.3.9  1°C Bus Shift Register (ICDRS)

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

[ s: sa |rw| A | pata [ A | AR | P
| 1 ’ } 1 } ! n } 1 | |<1——-<L>| n: Transfer bit count
1 m (n=11t08)
m: Transfer frame count
(m=>1)
(b) I12C bus format (Start condition retransmission, FS = 0)
[ s| sa |rw|[ A | Data | | | | sia [rw] A | Data | |:
|- 7 LTy n1 |~ . 7 DI R
1 ‘ 1 m2

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

Figure 18.3 1°C BusFormats

=Y Vs an VA wis oo WA wis e e W

1 L — ] L IL ] L IL ] | —
S SLA RW A DATA A DATA A f

Figure18.4 1°C BusTiming
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In master transmit mode, the master device outputs the transmit clock and transmit data,
slave device returns an acknowledge signal. For master transmit mode operation timing,
figures 18.5 and 18.6. The transmission procedure and operations in master transmit mod
described below.

1

Set the ICE bit in ICCR1 to 1. Set the MLS and WAIT bitsin ICMR and the CKS3 tc
bitsin ICCR1 to 1. (Initial setting)

Read the BBSY flag in ICCR2 to confirm that the bus is free. Set the MST and TRSt
|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 by
show the slave address and R/W) to ICDRT. At thistime, TDRE is automatically cle
and datais transferred from ICDRT to ICDRS. TDRE is set again.

When transmission of one byte datais completed while TDRE is1, TEND in ICSRis
at the rise of the 9th transmit clock pulse. Read the ACKBR hit in ICIER, and confirn
slave device has been selected. Then, write second byte datato ICDRT. When ACKE
the slave device has not been acknowledged, so issue the stop condition. To issue the
condition, write 0 to BBSY and SCP using MOV instruction. SCL isfixed low until t
transmit datais prepared or the stop condition is issued.

The transmit data after the second byte iswritten to ICDRT every time TDRE is set.
Write the number of bytesto be transmitted to ICDRT. Wait until TEND is set (the e
byte data transmission) while TDRE is 1, or wait for NACK (NACKF in ICSR = 1) fi
receive devicewhile ACKE in ICIER is 1. Then, issue the stop condition to clear TEI
NACKF.

When the STOP bit in ICSR is set to 1, the operation returns to the slave receive mod
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icort | X Address + RAW /] ata |

) /71

N JE—
ICDRS Address + RIW [ X pata
Userl [2] Instruction of start [4] Write data to ICDRT (second byte)
processing dition i :
coNCon ISSUANSE (4 Wiite data to ICDRT (irst byte) [5] Write data to ICDF

Figure18.5 Master Transmit Mode Operation Timing (1)

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

SDA \

(Master outout) __/ \IBit7 XBite X Bits X Bit4 X Bit3 X Bit2 X Bit1 X Bito / \ \_

SDA \ NA/K /
/

(Slave output) A

TDRE
TEND
ICDRT // Data n [/
ICDRS Déta n II//
V
User' [5] Write data to ICDRT [6] Issue stop condition. Clear TEND
processing

[7] Set slave receiv

Figure18.6 Master Transmit Mode Operation Timing (2)
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B D s T e e

3. After the reception of first frame datais completed, the RDRF bit in ICST issetto 1 ¢
of 9th receive clock pulse. At thistime, the recelve datais read by reading ICDRR, ar
iscleared to 0.

4. The continuous reception is performed by reading ICDRR every time RDRF is set. If
receive clock pulse fals after reading ICDRR by the other processing while RDRF is
fixed low until ICDRR is read.

5. If next frameisthe last receive data, set the RCVD bhit in ICCR1 to 1 before reading |
This enables the issuance of the stop condition after the next reception.

6. When the RDRF hitisset to 1 at rise of the 9th receive clock pulse, issue the stage co

7. Whenthe STOP bitin ICSRisset to 1, read ICDRR. Then clear the RCVD hit to O.

8. The operation returns to the slave receive mode.
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o /A
=

I \ N
ICDRS ;/ X Data 1 |

ICDRR \\ )(}l_

User ) \ [3] Read ICL
processing  [1] Clear TDRE after clearing  [2] Read ICDRR (dummy read)
TEND and TRS

Figure18.7 Master Receive Mode Operation Timing (1)
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IV J\ AV Y A— A

RN ]
ICDRR X Data n-1 \ \ KData n /

User \\ S

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

rec

Figure18.8 Master Receive Mode Operation Timing (2)

18.4.4  Slave Transmit Operation

In slave transmit mode, the slave device outputs the transmit data, while the master devic
the receive clock and returns an acknowledge signal. For slave transmit mode operation t
seefigures 18.9 and 18.10.

The transmission procedure and operations in slave transmit mode are described below.

1.

Set the ICE bit in ICCR1 to 1. Set the MLS and WAIT bitsin ICMR and the CKS3 tc
bitsin ICCR1 to 1. (Initial setting) Set the MST and TRS bitsin ICCR1 to select slav
mode, and wait until the slave address matches.

When the slave address matches in the first frame following detection of the start con
the slave device outputs the level specified by ACKBT in ICIER to SDA, at therisec
clock pulse. At thistime, if the 8th bit data (R/W) is 1, the TRS and ICSR bitsin ICC
st to 1, and the mode changes to slave transmit mode automatically. The continuous
transmission is performed by writing transmit data to ICDRT every time TDRE is set
If TDRE is set after writing last transmit datato ICDRT, wait until TEND in ICSR is
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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|
TRS /

N [/
ICDRR % |/

User 1
processing  [2] Write data to ICDRT (data 1) [2] Write data to ICDRT (data 2) [2] Write data to I

ICDRT / )}A\ Datai‘ ]' Data 2
T 17X oea: ><3i

——r
—1 |

Figure18.9 Save Transmit Mode Operation Timing (1)
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=N I N
|

TRS / /,l_

ICDRT ,l //
\ r
ICDRS X Datan / :
/ :
ICDRR / E
User % 7 '
processing [3] Clear TEND [4] Read ICDRR (dummy read) [5] Cl

after clearing TRS

Figure18.10 Slave Transmit Mode Operation Timing (2)

1845 Slave Receive Operation

In slave receive mode, the master device outputs the transmit clock and transmit data, an
slave device returns an acknowledge signal. For slave receive mode operation timing, see
18.11 and 18.12. The reception procedure and operations in slave receive mode are descr
below.

1. SetthelCEbitinICCR1to 1. Set the MLS and WAIT bitsin ICMR and the CKS3 tc
bitsin ICCR1 to 1. (Initial setting) Set the MST and TRS bitsin ICCR1 to select lav
mode, and wait until the slave address matches.

2. When the slave address matches in the first frame following detection of the start con
the slave device outputs the level specified by ACKBT in ICIER to SDA, at therisec
clock pulse. At the same time, RDRF in ICSR is set to read ICDRR (dummy read). (€
read data show the slave address and R/W, it is not used.)

3. Read ICDRR every time RDRF is set. If 8th receive clock pulse fallswhile RDRF is
fixed low until ICDRR isread. The change of the acknowledge before reading ICDRI
returned to the master device, is reflected to the next transmit frame.
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ICDRS ] | | Xbpatat \
AL
ICDRR X\
User_ \/ ‘
processing [2] Read ICDRR (dummy read) [2] Rea
Figure18.11 Slave Receive Mode Operation Timing (1)
scL
(Master output) 9 1 2 3 4 5 6 7 8 9
(Mast.se?éutput) _/ \ Bit7 X Bite X Bits X Bit4 X Bit3 X Bit2 X Bit1 X Bito / \
scL

(Slave output)

SDA
(Slave output)

RDRF

ICDRS

ICDRR

User
processing

L/ \A

] X Data 1

[8] Set ACKBT  [3] Read ICDRR [4] R

Figure18.12 Slave Receive Mode Operation Timing (2)
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Ol the SCL CIOCK IS guaranteed. 1 neiviLo DIt In 1CIVIR SELs the oraer Of dala transier, 1N €
MSB first or LSB first. The output level of SDA can be changed during the transfer wait,
SDAO hitin ICCR2.

SDA XBitOXBit1XBit2XBitSXBit4XBit5XBit6X Bit7

Figure 18.13 Clocked Synchronous Serial Transfer Format
Transmit Operation

In transmit mode, transmit datais output from SDA, in synchronization with the fall of tt
clock. Thetransfer clock isoutput when MST in ICCR1 is 1, and isinput when MST isC
transmit mode operation timing, see figure 18.14. The transmission procedure and operat
transmit mode are described below.

1. SetthelCEbitinICCR1to 1. Set the MST and CKS3 to CK S0 bitsin ICCR1 to 1. (I
setting)

2. Setthe TRSbit 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 datais
transferred from ICDRT to ICDRS, and TDRE is set automatically. The continuous
transmission is performed by writing datato ICDRT every time TDRE is set. When ¢
from transmit mode to receive mode, clear TRSwhile TDRE is 1.
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i ! - . !
User \

processing [3] Write data [3] Write data [3] Write data |
to ICDRT to ICDRT to ICDRT
[2] Set TRS

Figure18.14 Transmit Mode Operation Timing

Receive Operation

In receive mode, datais latched at the rise of the transfer clock. The transfer clock is oul
MST inICCR1is 1, and isinput when MST is 0. For receive mode operation timing, se
18.15. The reception procedure and operations in receive mode are described below.

1

Set the ICE bit in ICCR1 to 1. Set the MST and CKS3 to CKS0 bitsin ICCR1 to 1. |
Setting)

When the transfer clock is output, set MST to 1 to start outputting the receive clock.
When the receive operation is completed, datais transferred from ICDRS to ICDRR
RDRF in ICSR is set. When MST = 1, the next byte can be received, so the clock is
continually output. The continuous reception is performed by reading ICDRR every
RDREF is set. When the 8th clock isrisen while RDRF is 1, the overrun is detected al
AL/OVE in ICSRisset. At thistime, the previous reception datais retained in |CDF
To stop receiving when MST =1, set RCVD in ICCR1 to 1, then read ICDRR. Ther
fixed high after receiving the next byte data.
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, f————\————% A
ICDRR / « X / Data1 X
/ ) U /
User
processing 2] SetMST [3] Read ICDRR 8] R

(when outputting the clock)

18.4.7

Figure18.15 Receive Mode Operation Timing

Noise Canceller

Thelogic levels at the SCL and SDA pins are routed through noise cancellers before beir
internally. Figure 18.16 shows a block diagram of the noise canceller circuit.

The noise canceller 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

I

Sampling clock

Y

C

Latch

Latch

System clock

period

s

March detector

Internal
—» SCL or SD/
signal

-

Figure18.16 Block Diagram of Noise Canceller
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| Write transmit data | 14] [6] Test the acknowledge transferred from the specified slave device.
inlIC

in ICDRT

[7] Set the second and subsequent bytes (except for the final byte) of transi

[8] Wait for ICDRT empty.

[9] Set the last byte of transmit data.

[10] Wait for last byte to be transmitted.

[11] Clear the TEND flag.

Mater receive mode ||

[12] Clear the STOP flag.

[13] Issue the stop condition.

[14] Wait for the creation of stop condition.

[15] Set slave receive mode. Clear TDRE.

[—cCleartenDinicsr ] i1l

[cClearstoPinicsk__] 112l

Write 0 to BBSY
| and SCP | ][13]

|
Read STOP in ICSR

| Set MST to 1 and TRS

to 0in ICCR1

|
| Clear TDRE in ICSR |

End

Figure18.17 Sample Flowchart for Master Transmit Mode
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e

[9] Wait for the last byte to be receive.

[10] Clear the STOP flag.

[ Read ICDRR ]| ] e

[11] Issue the stop condition.
———
Set ACKBT in ICIER to 1

[12] Wait for the creation of stop condition.

[7] [13] Read the last byte of receive data.

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

[ Read ICDRR | ]

— ]

[ Read RDRFinICSR |

No @ [9]

Yes
[ClearstoPinicsr.__| | [10]
|
| Write 0 to BBSY |
and SCP

—>|
| Read STOPinICSR |

NO [1 2]

Yes

[15] Set slave receive mode.

1]

| Read ICDRR [13]

| ]
| Clear RCVD in ICCR1to 0 | ] [14]

| Clear MST in ICCR1to 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] are skipped after step [1], before jumping
The step [8] is dummy-read in ICDRR.

Figure 18.18 Sample Flowchart for Master Receive Mode
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Yes 4] [91 Clearthe TDRE flag.

Write transmit data
in ICDRT

|

| Read TENDInICSR |

Yes

[ CeartenDinicsR_| | i8]
[ Cloar TRS N ICORT 150 ] Tm
[ Dummy relad ICORR__| | 8]
[ Clear TDRE M 1A | Jw@

End

Figure18.19 Sample Flowchart for Slave Transmit Mode
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(5]
J [9] Wait the last byte to be received.

Read ICDRR :| [6] [10] Read for the last byte of receive data.

Set ACKBT in ICIER to 1 7]
| i
[ Read ICDRR | :| 8]
I —

| Read RDRFinICSR |

Yes
[ Read ICDRR | ] o

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.

Figure18.20 Sample Flowchart for Slave Receive M ode
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Iransmit Data empty 1 Al (onRe=l1) - (He=1) O O
Transmit End TEI (TEND=1) - (TEIE=1) o o
Receive Data Full RXI (RDRF=1) - (RIE=1) o ¢}
STOP Recognition STPI (8STOP=1) - (STIE=1) o X
NACK Receive NAKI {(NACKF=1)+(AL=1)} - o X
Arbitration (NAKIE=1) o o

Lost/Overrun Error

When interrupt conditions described in table 18.3 are 1 and the | bit in CCR is 0, the CF
executes an interrupt exception processing. Interrupt sources should be cleared in the ex
processing. TDRE and TEND are automatically cleared to O by writing the transmit dat:
ICDRT. RDRF are automatically cleared to O by reading ICDRR. TDRE is set to 1 agai
same time when transmit datais written to ICDRT. When TDRE is cleared to O, then ar
data of one byte may be transmitted.

Rev. 3.00 Mar. 15, 2006 Pag
RENESAS REJOC



Figure 18.21 shows the timing of the bit synchronous circuit and table 18.4 snows the tin
SCL output changes from low to Hi-Z then SCL is monitored.

SCL monitor | ' | | ' |
timing reference ' '

clock

SCL

: EX
i i N I-
Internal SCL 4@J e

Figure18.21 Timing of Bit Synchronous Cir cuit

Table18.4 Timefor Monitoring SCL

CKS3 CKS2 Time for Monitoring SCL
0 0 7.5 teyc

1 19.5 teye
1 0 17.5 teyc

1 41.5 tcyc
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2. When the bit synchronous circuit is activated by extending the low period of eighth
clocks, that is driven by the slave device

18.7.2  WAIT Settingin 1°C BusMode Register (ICMR)

If the WAIT bitis set to 1, and the SCL signal isdriven low for two or more transfer clc
slave device at the eighth and ninth clocks, the high period of ninth clock may be shorte
avoid this, set the WAIT bitin ICMR to O.
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Conversiontime: at least 3.5 us per channel (at 20-MHz operation)
Two operating modes

Single mode: Single-channel A/D conversion

Scan mode: Continuous A/D conversion on 1 to 4 channels

Four dataregisters

Conversion results are held in a data register for each channel
Sample-and-hold function

Two conversion start methods

Software

External trigger signal

Interrupt source

An A/D conversion end interrupt (ADI) request can be generated
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UU

ANO —p]

ANT == 5 | oo ' =>—’ -— 0/4
x _l_o -

AN2 —= 2 I ' Control circuit

AN3 —>| £ : ;E Comparator «— 08

ANg —= E T !

AN5 — S | sample-and- ] ~ ADI

AN6 —| £ hold circuit interrupt

AN7  —p|

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

Figure19.1 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 AN6 Input

Analog input pin 7 AN7 Input

A/D external trigger input pin ~ ADTRG Input External trigger input for sta

conversion
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19.31 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 in
channel, are shown in table 19.2.

The converted 10-bit datais stored in bits 15 to 6. The lower 6 bits are always read 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. T
temporary register contents are transferred from the ADDR when the upper byte dataiisr
Therefore, byte access to ADDR should be done by reading the upper byte first then the
one. Word accessis also possible. ADDR isinitialized to H'0000.

Table19.2 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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selected In scan moae
[Clearing condition]
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.

Rev. 3.00 Mar. 15, 2006 Pag

RENESAS REJOS



101: AN5 101: AN4 and AN5
110: AN6 110: AN4 to AN6
111: AN7 111: AN4 to AN7

19.3.3 A/D Control Register (ADCR)

ADCR enables A/D conversion started by an external trigger signal.
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These bits are always read as 1.

3,2 AllO R/W Reserved
Although these bits are readable/writable, the
should not be set to 1.

1 1 — Reserved
This bit is always read as 1.

0 0 R/W Reserved

Although this bit is readable/writable, this bit
be setto 1.
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1

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

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

On completion of conversion, the ADF bitin ADCSR s set to 1. If the ADIE bit is se
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 0 and the A/D converter enters the wait state.

19.4.2 Scan Mode

In scan mode, A/D conversion is performed sequentially for the analog input of the speci
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 C
When A/D conversion for each channel is completed, the result is sequentially transfe
the A/D data register corresponding to each channel.

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

The ADST bit is not automatically cleared to 0. Steps[2] and [3] are repeated as long
ADST bit remains set to 1. When the ADST hit is cleared to 0, A/D conversion stops.
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In scan mode, the values given in table 19.3 apply to the first conversion time. In the sex
subsequent conversions, the conversion time is 128 states (fixed) when CKS = 0 and 66
(fixed) when CKS= 1.

Address (2)

Write signal

ﬁﬁ!%f

Input sampling

timing b {5
ADF .
)
tp tsp
- tcony -

[Legend]

1): ADCSR write cycle

(2): ADCSR address

tp: A/D conversion start delay time

tsp:  Input sampling time
tcony:  A/D conversion time

Figure19.2 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 A
set to 1, external trigger input is enabled at the ADTRG pin. A falling edge at the ADTR(
pin sets the ADST bit in ADCSR to 1, starting A/D conversion. Other operations, in both
and scan modes, are the same as when the bit ADST has been set to 1 by software. Figure
shows the timing.

ADTRG |

Internal trigger signal

ADST

L A/D conversion
e

Figure19.3 External Trigger Input Timing
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when the digital output changes from the minimum voltage val ue 0000000000 to 00
(seefigure 19.5).

Full-scale error

The deviation of the analog input voltage value from the ideal A/D conversion chare
when the digital output changes from 1111111110to 1111111111 (seefigure 19.5).
Nonlinearity error

The deviation from theideal A/D conversion characteristic as the voltage changes fr
full scale. This does not include the offset error, full-scale error, or quantization erro
Absolute accuracy

The deviation between the digital value and the analog input value. Includes offset €
scale error, quantization error, and nonlinearity error.
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100 [— 7A/

/
011 —
/|
010 [— // I\C)uantization error
/
001 [—
/

|
1

8

FS

| | | | | |
000 2 3 4 5 6 7
8 8 8 8 8 8

Analog
input voltage

Figure19.4 A/D Conversion Accuracy Definitions (1)
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error

<—7— Actual A/D conversion

. characteristic

Nonlinearity

-~

T— Offset error

FS

Analog
input voltage

Figure19.4 A/D Conversion Accuracy Definitions (2)

RENESAS
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Input resistance or 10 K2, and the signal source Impedance IS ignored. HOWever, as a low
filter effect is obtained in this case, it may not be possible to follow an analog signal with
differential coefficient (e.g., 5mV/usor greater) (seefigure 19.5). When converting a hic
analog signal or converting in scan mode, alow-impedance buffer should be inserted.

19.6.2 Influenceson Absolute Accuracy

Adding capacitance results in coupling with GND, and therefore noise in GND may adve
affect absolute accuracy. Be sure to make the connection to an electrically stable GND.

Careisaso required to ensure that filter circuits do not interfere with digital signals or &
antennas on the mounting board.

This LSI A/D converter
Sensor output equivalent circuit
impedance
up to 5 kQ 10 kQ
AAA AAA

Sensor input YW

o - T 1A 1
15 pF I I

"Low-pass =—
| filter
1 Ct0 0.1 pF

20 pF

Fb—

Figure19.5 Analog Input Circuit Example
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Even if the power supply voltage falls, the unstable state when the power supply voltag
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 20.1 isablock diagram of the power-on reset circuit and the low-voltage detectic

20.1 Features

e Power-on reset circuit
Uses an external capacitor to generate an internal reset signal when power isfirst 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 levels for reset generation voltage are available: when only tt
circuit is used, or when the LVDI and LVDR circuits are both used.
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=T

resistor

> LVDRES

M Interrupt LVDSR
LVDINT control

circuit A

Reference
voltage |
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

Figure20.1 Block Diagram of Power-On Reset Circuit and
Low-Voltage Detection Cir cuit
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interrupt when the power-supply voltage rises above or falls below the respective levels

Table 20.1 shows the relationship between the LVDCR settings and select functions. L\
should be set according to table 20.1.

Bit

Bit Name

Initial
Value

R/W

Description

LVDE

O*

R/W

LVD Enable

0: The low-voltage detection circuit is not use
standby mode)

1: The low-voltage detection circuit is used

6to4

All 1

Reserved

These bits are always read as 1, and cannot |
modified.

LVDSEL

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 in
used, reset detection voltage of 2.3 V (typ.) sl
used. When only a reset detection interrupt is
reset detection voltage of 3.6 V (typ.) should |

LVDRE

O*

R/W

LVDR Enable
0: Disables the LVDR function
1: Enables the LVDR function
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the selected detection level enabled

Note: * Not initialized by LVDR but initialized by a power-on reset or WDT reset.

Table20.1 LVDCR Settingsand Select Functions

LVDCR Settings Select Functions
Low-Voltage- Low
Detection Det:
Power-On Falling Risi
LVDE LVDSEL LVDRE LVDDE LVDUE Reset LVDR Interrupt Inte
O * * * * O _ N _
1 1 1 0 0 (0] (0] — —
1 0 0 1 0 (0] — @) —
1 0 0 1 1 o} — o o
1 0 1 1 1 o (0] 0] (0]

[Legend] * means invalid.
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[Setting condition]

When the power-supply voltage falls below V
(typ. =3.7 V)

[Clearing condition]

Writing 0 to this bit after reading it as 1
0 LVDUF o* R/W LVD Power-Supply Voltage Rise Flag

[Setting condition]

When the power supply voltage falls below Vi
while the LVDUE bit in LVDCR is set to 1, the
above Vint (U) (typ. = 4.0 V) before falling bel
Vreset1 (typ. =2.3 V)

[Clearing condition]
Writing 0 to this bit after reading it as 1

Note: * Initialized by LVDR.
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151,072 clock (¢) cycles. 1'he noise cancellation circuit of approximately 100 nsis incory
prevent the incorrect operation of the chip by noise on the RES pin.

To achieve stable operation of this LSI, the power supply needs to rise to its full level an
within the specified time. The maximum time required for the power supply to rise and s
power has been supplied (t,,.,) iS determined by the oscillation frequency (f...) and capa
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 form

by (MS) < 90 x Crss (F) + 162/f,, (MH2)

(t,,.0 < 3000 ms, Cxgs > 0.22 uF, and f

PWON —

=10 in 2-MHz to 10-MHz operatior

osc

Note that the power supply voltage (Vcc) must fall below Vpor = 100 mV and rise after
the RES pin is removed. To remove charge on the RES pin, it is recommended that the di
should be placed near Vcc. If the power supply voltage (Vcc) rises from the point above’
power-on reset may not occur.

tewon 11
|

Vce

V
RES
V
PSS-reset
signal . " \
OvF | . « |_| « |
: (I{I )
Internal reset T Dl | |
signal |~— 131,072 cycles —> < A

PSS counter starts ~ Reset released

Figure20.2 Operational Timing of Power-On Reset Cir cuit
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should be cleared to 0 and then the LV DE bit should be cleared to 0. The LVDE and L\
must not be cleared to 0 simultaneously because incorrect operation may occur.

When the power-supply voltage falls below the Vreset voltage (typ. = 2.3V or 3.6 V), t
clearsthe LVDRES signal to O, and resets the prescaler S. The low-voltage detection re
remainsin place until a power-on reset is generated. When the power-supply voltage ris
the Vreset voltage again, the prescaler S starts counting. It counts 131,072 clock (¢) cyc
then releases the internal reset signal. In this case, the LVDE, LVDSEL, and LVDRE bi
LVDCR are not initialized.

Note that if the power supply voltage (Vcc) falls below V = 1.0V and then risesfr

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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M - I
Internal reset ' ) _l
signal g '« 131,072 cycles

PSS counter starts Reset released

Figure20.3 Operational Timing of LVDR Cir cuit
LVDI (Interrupt by Low Voltage Detect) Circuit:

Figure 20.4 shows the timing of LV DI functions. The LV DI enters the module-standby s
apower-on reset is canceled. To operate the LV DI, set the LVDE bitin LVDCR to 1, wa
us (t,o00) Until the reference voltage and the low-voltage-detection power supply have st
by a software timer, etc., then set the LVDDE and LVDUE bitsin LVDCR to 1. After th:
output settings of ports must be made. To cancel the low-voltage detection circuit, first t
LVDDE and LVDUE bits should all be cleared to 0 and then the LV DE bit should be cle
The LVDE bit must not be cleared to 0 at the sametiming asthe LVDDE and LVDUE bi
because incorrect operation may occur.

When the power-supply voltage falls below Vint (D) (typ. = 3.7 V) voltage, the LVDI cle
LVDINT signal to 0 and the LVDDF bitin LVDSR issetto 1. If the LVDDE bitislatt
an IRQO interrupt request is simultaneously generated. In this case, the necessary data mt
saved in the external EEPROM, etc, and a transition must be made to standby mode or st
mode. Until this processing is completed, the power supply voltage must be higher than t
limit of the guaranteed operating voltage.

When the power-supply voltage does not fall below Vresetl (typ. = 2.3 V) voltage but ris
Vint (U) (typ. = 4.0 V) voltage, the LVDI setsthe LVDINT signdl to 1. If the LVDUE bi
thistime, the LVDUF bitin LVDSR is set to 1 and an IRQO interrupt request is simultan:
generated.
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|w]
C
m

0O)

\ 9

IRQO interrupt generatelﬂéo interrupt generated

Figure20.4 Operational Timing of LVDI Circuit
Proceduresfor Clearing Settingswhen Using LVDR and LVDI:

To operate or release the low-voltage detection circuit normally, follow the procedure d
below. Figure 20.5 shows the timing for the operation and release of the low-voltage de
circuit.

1. To operate the low-voltage detection circuit, set the LVDE bitin LVDCR to 1.

2. Wait for 50 ps (t,, ,.,) until the reference voltage and the low-voltage-detection pow
have stahilized by a software timer, etc. Then, clear the LVDDF and LV DUF bitsin
to 0 and set the LVDRE, LVDDE, and LVDUE bitsin LVDCR to 1, asrequired.

3. Torelease the low-voltage detection circuit, start by clearing all of the LVDRE, LV
LVDUE hitsto 0. Then clear the LVDE hit to 0. The LVDE bit must not be cleared
same timing as the LVDRE, LVDDE, and LVDUE bits because incorrect operation
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Figure20.5 Timing for Operation/Release of L ow-Voltage Detection Circu
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21.1  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 21.1. Theinternal 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

el

Vee=3.0t055V

Stabilization
capacitance
(approx. 0.1 uF)

Figure21.1 Power Supply Connection when Internal Step-Down Circuit is |
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| Step-down circuit |

Internal
power
supply

Internal
logic

Figure21.2 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 byteisgiveninthelist.
Registers are classified by functional modules.

The data bus width is indicated.

. Register bits
Bit configurations of the registers are described in the same order as the register add
Reserved bits are indicated by — in the bit name column.

No entry in the bit-name column indicates that the whole register is allocated as a cc
for holding data.

When registers consist of 16 bits, bits are described from the MSB side.

. Register statesin each operating mode
Register states are described in the same order as the register addresses.

The register states described here are for the basic operating modes. If there is a spex
for an on-chip peripheral module, refer to the section on that on-chip peripheral moc
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H'FFFOO00 to

H'FFF5FF
Serial mode register_3 SMR_3 8 H'FFF600 SCI3_3 8
Bit rate register_3 BRR_3 8 H'FFF601 SCI3_.3 8
Serial control register 3_3 SCR3_3 8 H'FFF602 SCI3_.3 8
Transmit data register_3 TDR_3 8 H'FFF603 SCI3_.3 8
Serial status register_3 SSR 3 8 H'FFF604 SCI3_.3 8
Receive data register_3 RDR_3 8 H'FFF605 SCI3_.3 8
— — — H'FFF606, — —
H'FFF607
Serial mode control register SMCR_3 8 H'FFF608 SCI3.3 8
— — — HFFF609to — —
H'FFF6FF
Timer control register_0 TCR_O 8 H'FFF700 TimerZ0 8
Timer 1/O control register A_O  TIORA_O 8 H'FFF701 TimerZ0 8
Timer 1/O control register C_0  TIORC_0 8 H'FFF702 TimerZ0 8
Timer status register_0 TSR_.O 8 H'FFF703 TimerZ0 8
Timer interrupt enable register_0 TIER_0 8 H'FFF704 TimerZ0 8
PWM mode output level control  POCR_0 8 H'FFF705 TimerZ0 8
register_0
Timer counter_0 TCNT_O 16 H'FFF706 TimerZ0 16
General register A_0 GRA_0O 16 H'FFF708 TimerZ0 16
General register B_0 GRB_0 16 H'FFF70A TimerZ0 16
General register C_0 GRC_0 16 H'FFF70C Timer Z0 16
General register D_0 GRD_0 16 H'FFF70E TimerZ0 16
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Timer counter_1 TCNT_1 16 H'FFF716 TimerZ1 16
General register A_1 GRA_1 16 H'FFF718 TimerZ1 16
General register B_1 GRB_1 16 HFFF71A TimerZ1 16
General register C_1 GRC_1 16 H'FFF71C TimerZ1 16
General register D_1 GRD_1 16 H'FFF71E TimerZ1 16
Timer start register TSTR 8 H'FFF720 TimerZ 8
common
Timer mode register TMDR 8 H'FFF721 TimerZ 8
common
Timer PWM mode register TPMR 8 H'FFF722 TimerZ 8
common
Timer function control register TFCR 8 H'FFF723 TimerZ 8
common
Timer output master enable TOER 8 H'FFF724 TimerZ 8
register common
Timer output control register TOCR 8 H'FFF725 TimerZ 8
common
— — — H'FFF726, — —
H'FFF727
Second data register/free RSECDR 8 H'FFF728 RTC 8
running counter data register
Minute data register RMINDR 8 H'FFF729 RTC 8
Hour data register RHRDR 8 H'FFF72A RTC 8
Day-of-week data register RWKDR 8 H'FFF72B RTC 8
RTC control register 1 RTCCR1 8 H'FFF72C RTC 8
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H'FFF73F
Serial mode register_2 SMR_2 8 H'FFF740 SCI3_.2 8
Bit rate register_2 BRR_2 8 H'FFF741 SCI3_2 8
Serial control register 3_2 SCR3_2 8 H'FFF742 SCI3_2 8
Transmit data register_2 TDR_2 8 H'FFF743 SCI3_2 8
Serial status register_2 SSR_2 8 H'FFF744 SCI3_2 8
Receive data register_2 RDR_2 8 H'FFF745 SCI3_2 8
— — — H'FFF746, — —
H'FFF747
I’C bus control register 1 ICCR1 8 H'FFF748 lcz 8
I?C bus control register 2 ICCR2 8 H'FFF749 lca 8
I’C bus mode register ICMR 8 H'FFF74A lcz2 8
I’C bus interrupt enable register ICIER 8 H'FFF74B lcz 8
I°C bus status register ICSR 8 H'FFF74C lcz 8
Slave address register SAR 8 H'FFF74D lcz 8
I°C bus transmit data register ~ ICDRT 8 H'FFF74E lca 8
I’C bus receive data register ICDRR 8 H'FFF74F lcz2 8
— — — HFFF750to0 — —
H'FFF75F
Timer mode register B1 TMB1 8 H'FFF760 TimerB1 8
Timer counter B1 TCB1 8 H'FFF761 TimerB1 8
Timer load register B1 TLB1 8 H'FFF761 TimerB1 8
— — — HFFF762to0 — —
H'FFFF7F
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General register A GRA 16 HFFFF88 TimerW 16
General register B GRB 16 H'FFFF8A  TimerW 16
General register C GRC 16 HFFFF8C TimerW 16
General register D GRD 16 H'FFFF8E  TimerW 16
Flash memory control register 1 FLMCR1 8 H'FFFF90 ROM 8
Flash memory control register2 FLMCR2 8 H'FFFF91 ROM 8
Flash memory power control FLPWCR 8 H'FFFF92 ROM 8
register
Erase block register 1 EBR1 8 H'FFFF93 ROM 8
— — — H'FFFF94 to — —
H'FFFF9A
Flash memory enable register FENR 8 H'FFFFOB  ROM 8
— — — HFFFF9C — —
to
H'FFFFIF
Timer control register VO TCRVO 8 H'FFFFAO TimerV 8
Timer control/status register V TCSRV 8 HFFFFA1  TimerV 8
Time constant register A TCORA 8 H'FFFFA2 TimerV 8
Time constant register B TCORB 8 HFFFFA3 TimerV 8
Timer counter V TCNTV 8 H'FFFFA4  TimerV 8
Timer control register V1 TCRVA1 8 H'FFFFA5 TimerV 8
— — — H'FFFFA6, — —
H'FFFFA7
Serial mode register SMR H'FFFFA8 SCI3
Bit rate register BRR HFFFFA9 SCI3
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A/D data register B ADDRB 16 H'FFFFB2 A/D 8
converter
A/D data register C ADDRC 16 H'FFFFB4 A/D 8
converter
A/D data register D ADDRD 16 HFFFFB6 A/D 8
converter
A/D control/status register ADCSR 8 H'FFFFB8 A/D 8
converter
A/D control register ADCR 8 H'FFFFB9 A/D 8
converter
— — — H'FFFFBA, — —
H'FFFFBB
PWM data register L PWDRL 8 H'FFFFBC 14-bit 8
PWM
PWM data register U PWDRU 8 H'FFFFBD  14-bit 8
PWM
PWM control register PWCR 8 H'FFFFBE  14-bit 8
PWM
— — — H'FFFFBF — —
Timer control/status register WD TCSRWD 8 HFFFFCO WDT** 8
Timer counter WD TCWD 8 HFFFFC1 WDT** 8
Timer mode register WD TMWD 8 HFFFFC2 WDT** 8
— — — HFFFFC3 — —
— — — HFFFFC4 — —
to
H'FFFFC7
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Break data register H BDRH 8 H'FFFFCC Address 8
break
Break data register L BDRL 8 H'FFFFCD Address 8
break
— — — HFFFFCE — —
Break address register E BARE 8 H'FFFFCF Address 8
break
Port pull-up control register 1 PUCR1 8 H'FFFFDO  1/O port
Port pull-up control register 5 PUCR5 8 H'FFFFD1  1/O port
— — — HFFFFD2, — —
H'FFFFD3
Port data register 1 PDR1 8 HFFFFD4 [1/Oport 8
Port data register 2 PDR2 8 H'FFFFD5 1/Oport 8
Port data register 3 PDR3 8 HFFFFD6 [/Oport 8
— — — HFFFFD7 — —
Port data register 5 PDR5 8 H'FFFFD8 /O port 8
Port data register 6 PDR6 8 HFFFFD9 [/Oport 8
Port data register 7 PDR7 8 H'FFFFDA 1/Oport 8
Port data register 8 PDR8 8 HFFFFDB /O port 8
Port data register 9 PDR9 8 H'FFFFDC 1/Oport 8
Port data register B PDRB 8 HFFFFDD /O port 8
— — — H'FFFFDE, — —
H'FFFFDF
Port mode register 1 PMR1 H'FFFFEO  1/O port
Port mode register 5 PMR5 H'FFFFE1  1/O port
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Port control register 6 PCR6 8 HFFFFE9 1/Oport 8
Port control register 7 PCR7 8 HFFFFEA 1/Oport 8
Port control register 8 PCR8 8 H'FFFFEB 1/Oport 8
Port control register 9 PCR9 8 HFFFFEC [/Oport 8
— — — H'FFFFED — —
to
H'FFFFEF
System control register 1 SYSCR1 8 H'FFFFFO  Power- 8
down
System control register 2 SYSCR2 8 HFFFFF1  Power- 8
down
Interrupt edge select register 1 IEGR1 8 HFFFFF2  Interrupt 8
Interrupt edge select register 2 IEGR2 8 H'FFFFF3 Interrupt 8
Interrupt enable register 1 IENR1 8 H'FFFFF4  Interrupt 8
Interrupt enable register 2 IENR2 8 H'FFFFF5 Interrupt 8
Interrupt flag register 1 IRR1 8 H'FFFFF6 Interrupt 8
Interrupt flag register 2 IRR2 8 H'FFFFF7  Interrupt 8
Wakeup interrupt flag register IWPR 8 H'FFFFF8 Interrupt 8
Module standby control register 1 MSTCR1 8 HFFFFF9  Power- 8
down
Module standby control register 2 MSTCR2 8 HFFFFFA Power- 8
down
— — — HFFFFFB — —
to
H'FFFFFF

Notes: 1. LVDC: Low-voltage detection circuits (optional)

2. WDT: Watchdog timer
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SSR_3 TDRE RDRF OER FER PER TEND MPBR MPBT

RDR_3 RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDRH1 RDRO
SMCR_3 — — — — — NFEN_3 TXD_3 MSTS3_3
TCR_O CCLR2 CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO
TIORA_O —_ 10B2 10B1 10BO — I0A2 I0A1 I0A0
TIORC_O0 — I0D2 10D1 10D0 — 10C2 10C1 10C0
TSR_0 — — — OVF IMFD IMFC IMFB IMFA
TIER_O — — — OVIE IMIED IMIEC IMIEB IMIEA
POCR_0 — — — — — POLD POLC POLB

TCNT_O TCNTOH7 TCNTOH6 TCNTOH5 TCNTOH4 TCNTOH3 TCNTOH2 TCNTOH1 TCNTOHO

TCNTOL7 TCNTOL6 TCNTOLS TCNTOL4 TCNTOL3 TCNTOL2 TCNTOL1 TCNTOLO

GRA_O GRAOH7 GRAOH6 GRAOH5 GRAOH4 GRAOH3 GRAOH2 GRAOH1 GRAOHO

GRAOL7 GRAOL6 GRAOL5 GRAOL4 GRAOL3 GRAOL2 GRAOL1 GRAOLO

GRB_0 GRBOH7 GRBOH6 GRBOH5 GRBOH4 GRBOH3 GRBOH2 GRBOH1 GRBOHO

GRBOL7 GRBOL6 GRBOL5 GRBOL4 GRBOL3 GRBOL2 GRBOL1 GRBOLO

GRC_0 GRCOH7 GRCOH6 GRCOH5 GRCOH4 GRCOH3 GRCOH2 GRCOH1 GRCOHO

GRCOL7 GRCOL6 GRCOL5 GRCOL4 GRCOL3 GRCOL2 GRCOL1 GRCOLO

GRD_0 GRDOH7 GRDOH6 GRDOH5 GRDOH4 GRDOH3 GRDOH2 GRDOH1 GRDOHO

GRDOL7 GRDOL6 GRDOL5 GRDOL4 GRDOL3 GRDOL2 GRDOL1  GRDOLO

TCR_1 CCLR2 CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO
TIORA_1 — 10B2 10B1 10BO — I0A2 I0A1 I0A0
TIORC_1 —_ 10D2 10D1 10D0 - 10C2 10C1 10C0
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el SRR

Al B R RN

el db il

Al SRR W Al LS BTN Tl R 1R R Al SRR R R ALl db il

GRB1L7 GRB1L6 GRB1L5 GRB1L4 GRB1L3 GRB1L2 GRB1L1 GRBI1LO
GRC_1 GRC1H7 GRC1H6 GRC1H5 GRC1H4 GRC1H3 GRC1H2 GRC1H1 GRC1HO

GRC1L7 GRC1L6 GRC1L5 GRC1L4 GRC1L3 GRCi1L2 GRC1L1 GRCI1LO
GRD_1 GRD1H7 GRD1H6 GRD1H5 GRD1H4 GRD1H3 GRD1H2 GRD1H1 GRD1HO

GRD1L7 GRD1L6 GRD1L5 GRD1L4 GRD1L3 GRD1L2 GRD1L1 GRD1LO
TSTR — — — — — — STR1 STRO
TMDR BFD1 BFC1 BFDO BFCO — — — SYNC
TPMR —_ PWMD1 PWMC1 PWMBH1 —_ PWMDO PWMCO PWMBO
TFCR — STCLK ADEG ADTRG OLS1 OLSO0 CMD1 CMDO
TOER ED1 EC1 EB1 EA1 EDO ECO EBO EAO
TOCR TOD1 TOC1 TOB1 TOA1 TODO TOCO TOBO TOAO
RSECDR BSY SC12 SC11 SC10 SC03 SC02 SCo1 SC00
RMINDR BSY MN12 MN11 MN10 MNO3 MNO2 MNO1 MNOO
RHRDR BSY — HR11 HR10 HRO3 HRO2 HRO1 HROO
RWKDR BSY —_ - — — WK2 WK1 WKO
RTCCR1 RUN 12/24 PM RST INT — — —
RTCCR2 — — FOIE WKIE DYIE HRIE MNIE SEIE
RTCCSR — RCS6 RCS5 — RCS3 RCS2 RCS1 RCSO
LVDCR LVDE — — — LVDSEL LVDRE LVDDE LVDUE
LVDSR —_ — —_ — —_ — LVDDF LVDUF
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el Al M

e

hesdend il

el ol

st sl

WA Wy 1

ICMR MLS WAIT — — BCWP BC2 BC1 BCO
ICIER TIE TEIE RIE NAKIE STIE ACKE ACKBR  ACKBT
ICSR TDRE TEND RDRF NACKF  STOP AL/IOVE  AAS ADZ
SAR SVA6 SVA5 SVA4 SVA3 SVA2 SVAT1 SVAO FS
ICDRT ICDRT7 ICDRT6 ICDRT5 ICDRT4 |ICDRT3 ICDRT2 ICDRT1  ICDRTO
ICDRR ICDRR7 ICDRR6 ICDRR5 |ICDRR4 ICDRR3 ICDRR2 ICDRR1  ICDRRO
TMB1 T™MB17  — — — — TMB12  TMB11 TMB10
TCB1 TCB17 TCB16 TCB15 TCB14 TCB13 TCB12 TCB11 TCB10
TLB1 TLB17 TLB16 TLB15 TLB14 TLB13 TLB12 TLB11 TLB10
TMRW CTS — BUFEB  BUFEA — PWMD PWMC PWMB
TCRW CCLR CKs2 CKS1 CKso TOD TOC TOB TOA
TIERW OVIE — — — IMIED IMIEC IMIEB IMIEA
TSRW OVF — — — IMFD IMFC IMFB IMFA
TIORO — 10B2 10B1 10B0O — I0A2 I0A1 I0A0
TIOR1 — 10D2 I0D1 10D0 — loc2 10C1 10C0
TCNT TCNT15 TCNT14 TCNT13 TCNT12 TCNT11 TCNT10 TCNT9  TCNT8
TCNT7  TCNT6  TCNT5  TCNT4  TCNT3  TCNT2  TCNT1 TCNTO
GRA GRA15  GRA14  GRA13  GRA12  GRAM1 GRA10  GRA9 GRA8
GRA7 GRA6 GRA5 GRA4 GRA3 GRA2 GRA1 GRAO
GRB GRB15 GRB14 GRB13  GRB12  GRB11 GRB10  GRB9 GRBS8
GRB7 GRB6 GRB5 GRB4 GRB3 GRB2 GRB1 GRBO
GRC GRC15 GRC14 GRC13 GRC12 GRC11 GRC10 GRC9 GRC8
GRC7 GRC6 GRC5 GRC4 GRC3 GRC2 GRC1 GRCO
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W1 RV

T BTN R s

Tt TWE el %

Sl W N

T e el R el R el BN T W

Bl i)

sl el

TCSRV CMFB CFMA OVF — 0S3 OS2 0Ss1 0Sso
TCORA TCORA7 TCORA6 TCORA5 TCORA4 TCORA3 TCORA2 TCORA1 TCORAO
TCORB TCORB7 TCORB6 TCORB5 TCORB4 TCORB3 TCORB2 TCORB1 TCORBO
TCNTV TCNTV7 TCNTV6 TCNTV5 TCNTV4 TCNTV3 TCNTV2 TCNTVA TCNTVO
TCRVA1 — — — TVEGH1 TVEGO TRGE — ICKSO
SMR CcOoM CHR PE PM STOP MP CKS1 CKSO0 $
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 /
[¢
AD1 ADO — — — — — —
ADDRB AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
AD1 ADO — — — — — —
ADDRC AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
AD1 ADO — — — — — —
ADDRD AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
AD1 ADO — — — — — —
ADCSR ADF ADIE ADST SCAN CKS CH2 CH1 CHO
ADCR TRGE — — — — — — —
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BARH BARH7 BARH6 BARH5 BARH4 BARH3 BARH2 BARH1 BARHO

BARL BARL7 BARL6 BARLS5 BARL4 BARL3 BARL2 BARL1 BARLO
BDRH BDRH7 BDRH6 BDRH5 BDRH4 BDRH3 BDRH2 BDRH1 BDRHO
BDRL BDRL7 BDRL6 BDRL5 BDRL4 BDRL3 BDRL2 BDRL1 BDRLO
BARE BARE7 BAREG6 BARES5 BARE4 BARE3 BARE2 BARE1 BAREO
PUCR1 PUCR17 PUCR16 PUCR15 PUCR14 — PUCR12 PUCR11 PUCR10
PUCR5 — — PUCR55 PUCR54 PUCR53 PUCR52 PUCR51 PUCR50
PDR1 P17 P16 P15 P14 — P12 P11 P10
PDR2 — — — P24 P23 P22 P21 P20
PDR3 P37 P36 P35 P34 P33 P32 P31 P30
PDR5 P57 P56 P55 P54 P53 P52 P51 P50
PDR6 P67 P66 P65 P64 P63 P62 P61 P60
PDR7 P77 P76 P75 P74 — P72 P71 P70
PDR8 P87 P86 P85 P84 P83 P82 P81 P80
PDR9 P97 P96 P95 P94 P93 P92 P91 P90
PDRB PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO
PMR1 IRQ3 IRQ2 IRQ1 IRQO TXD2 PWM TXD TMOW
PMR5 POF57 POF56 WKP5 WKP4 WKP3 WKP2 WKP1 WKPO
PMR3 — — — POF24 POF23 — — —
PCR1 PCR17 PCR16 PCR15 PCR14 — PCR12 PCR11 PCR10
PCR2 — — — PCR24 PCR23 PCR22 PCR21 PCR20
PCR3 PCR37 PCR36 PCR35 PCR34 PCR33 PCR32 PCR31 PCR30
PCR5 PCR57 PCR56 PCR55 PCR54 PCR53 PCR52 PCR51 PCR50
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b e o

W Rl

WEE iAW WEE Rl

L e

WEE R ¥

R Rl

IENR1 IENDT IENTA IENWP — IEN3 IEN2 IEN1 IENO
IENR2 — — IENTB1 — — — — —

IRR1 IRRDT IRRTA - — IRRI3 IRRI2 IRRI1 IRRIO
IRR2 — — IRRTB1 — — — — —

IWPR — — IWPF5 IWPF4 IWPF3 IWPF2 IWPF1 IWPFO
MSTCR1 — MSTIIC MSTS3 MSTAD MSTWD  MSTTW  MSTTV MSTTA
MSTCR2 MSTS3_.2 — — MSTTB1 — — MSTTZ MSTPWM

Notes: 1. LVDC: Low-voltage detection circuits (optional)
2. WDT: Watchdog timer
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T ™

U ATRIAN Y-

I ATRIAN Y-

I ATRIAII AW RERERANANN e br

SMCR_3

Initialized — — —
TCR_O Initialized — — — Tim
TIORA_O Initialized — — —
TIORC_O Initialized — — -
TSR_0 Initialized — — —
TIER_O Initialized — — —
POCR_0 Initialized — — —
TCNT_O Initialized — — —
GRA_O0 Initialized — — —
GRB_0 Initialized — — —
GRC_0 Initialized — — —
GRD_0 Initialized — — —
TCR_1 Initialized — — — Tim
TIORA_1 Initialized — — —
TIORC_1 Initialized — — —
TSR_1 Initialized — — -
TIER_1  Initialized — — —
POCR_1 Initialized — — —
TCNT_1 Initialized — — —
GRA_1 Initialized — — —
GRB_1 Initialized — — -
GRC_1 Initialized — — —
GRD_1 Initialized — — —

RENESAS
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PRrvEnE NS

U ATRIAN e W e

RHRDR Initialized — — —
RWKDR — — — —

RTCCR1 — — — —

RTCCR2 — — — —

RTCCSR Initialized — — —

LVDCR Initialized — — — LVD(
LVDSR Initialized — — — (opti
SMR_2 Initialized Initialized Initialized Initialized SCI3
BRR_2 Initialized Initialized Initialized Initialized
SCR3_2 Initialized Initialized Initialized Initialized
TDR_2 Initialized Initialized Initialized Initialized

SSR_2 Initialized Initialized Initialized Initialized
RDR_2 Initialized Initialized Initialized Initialized

ICCR1 Initialized — — — lic2
ICCR2 Initialized — — —

ICMR Initialized — — -

ICIER Initialized — — —

ICSR Initialized — — —

SAR Initialized — — —

ICDRT Initialized — — —

ICDRR Initialized — — -

TMBH1 Initialized — — — Time
TCB1 Initialized — — —

TLB1 Initialized — — —
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GRB Initialized — —_ — — _

GRC Initialized — — — - _
GRD Initialized — — — — _
FLMCR1 Initialized — — Initialized Initialized Initialized RO

FLMCR2 Initialized — — — — —

FLPWCR Initialized — — — — —

EBR1 Initialized — — Initialized Initialized Initialized
FENR Initialized — — — — —

TCRVO Initialized — — Initialized Initialized Initialized  Tim
TCSRV  Initialized — — Initialized Initialized Initialized
TCORA Initialized — — Initialized Initialized Initialized
TCORB Initialized — — Initialized Initialized Initialized
TCNTV  Initialized — — Initialized Initialized Initialized
TCRVA1 Initialized — — Initialized Initialized Initialized
SMR Initialized — — Initialized Initialized Initialized SCI
BRR Initialized — — Initialized Initialized Initialized
SCR3 Initialized — — Initialized Initialized Initialized
TDR Initialized — — Initialized Initialized Initialized
SSR Initialized — — Initialized Initialized Initialized
RDR Initialized — — Initialized Initialized Initialized
ADDRA Initialized — — Initialized Initialized Initialized A/D
ADDRB Initialized — — Initialized Initialized Initialized
ADDRC Initialized — — Initialized Initialized Initialized

Rev. 3.00 Mar. 15, 2006 Pag
RENESAS REJOC



i IIRINAN Y-

TMWD

Initialized

ABRKCR

Initialized

ABRKSR

Initialized

BARH

Initialized

BARL

Initialized

BDRH

Initialized

BDRL

Initialized

BARE

Initialized

Addr
brea

PUCRH1

Initialized

PUCR5

Initialized

PDR1

Initialized

PDR2

Initialized

PDR3

Initialized

PDR5

Initialized

PDR6

Initialized

PDR7

Initialized

PDR8

Initialized

PDR9

Initialized

PDRB

Initialized

PMR1

Initialized

PMR5

Initialized

PMR3

Initialized

PCR1

Initialized

/0 p
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SYSCR2

Initialized — — — —
IEGR1 Initialized — — — — Inte
IEGR2 Initialized — — — —
IENR1 Initialized — — — —
IENR2 Initialized — — — —
IRR1 Initialized — — — —
IRR2 Initialized — — — —
IWPR Initialized — — — —
MSTCR1 Initialized — — — — Pov
MSTCR2 Initialized — — — —
Notes: — is not initialized

1.

LVDC: Low-voltage detection circuits (optional)
2. WDT: Watchdog timer

RENESAS
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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 oper
should be under the conditions specified in Electrical Characteristics. Exceedin
values can result in incorrect operation and reduced reliability.

23.2 Electrical Characteristics (F-ZTAT™ Version)

2321 Power Supply Voltage and Operating Ranges

Power Supply Voltage and Oscillation Frequency Range

¢ osc (MHz) o w (kHz)
200 -~
32.768 |---- === === ]
10.0 --1-- ! ! '
2.0 --{-- ' !
3.0 4.0 55 Vge (V) 3.0 4.0 55 V
° AVCC =3.0to55V ° AVCC =3.0to55V
¢ Active mode * All operating modes

¢ Sleep mode
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- ALUVE THUUT = oubaclve 1mouc
¢ Sleep mode ¢ Subsleep mode
(When MA2in SYSCR2=0)
o (kHz)

2500 |- ----moee-

1250 |----

78.125 f----

3.0 4.0 55 Vg (V)
. AVCC =3.0to 5.5V
¢ Active mode
¢ Sleep mode
(When MA2 in SYSCR2 = 1))

Analog Power Supply Voltage and A/D Converter Accuracy Guarantee Range

¢ (MHz)
200 f-----------

10.0 f------

2.0 f------

* Vec=30to55V
¢ Active mode
* Sleep mode
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2.0I----

Vee(V)

4.5 5.5

w
ol--+

[ Operation guarantee range

[ Operation guarantee range except
A/D conversion accuracy
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ADTRG,TMRIV,

TMCIV, FTIOAO
to FTIODO,
FTIOAT to
FTIOD1, FTIOA
to FTIOD, SCKS3,
SCK3_2,
SCK3_3, TRGV,
FTCI, TMIB1

V. x 0.9

Vg, +0.3

RXD, RXD_2,
RXD_3, SCL,
SDA,

P10 to P12,
P14 to P17,
P20 to P24,
P30 to P37,

P50 to P57,
P60 to P67,
P70 to P72,
P74 to P77,
P80 to P87,
P90 to P97

Ve =4.0t055V Vg x0.7

Vg, +0.3

V. x 0.8

Vg, +0.3

\

PBO to PB7

Ve, =40t055V V,x0.7

AV, +0.3

V. x 0.8

AV, +0.3

\

0OSC1

Ve =4.01t055V V,-05

Vg, +0.3

Vg, —0.3

Vg, +0.3

\

Note: Connect the TEST pin to Vss.
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Aaadie bl ) |

SCK3_3, TRGV,
FTCI, TMIB1

RXD, RXD_2, Vi=40t055V -0.3 — Veex03  V
RXD_3, SCL,

SDA,

P10 to P12,

P14 to P17,

P20 to P24,

P30 to P37,

P50 to P57, -03 —  Vgx02
P60 to P67,
P70 to P72,
P74 to P77,
P80 to P87,
P90 to P97

PBO to PB7 Ve, =40t055V -0.3 — Ve x03 V
-0.3 — 'V, x02

0SCH1 Vi, =40t055V -0.3 — 05 v
-0.3 — 03
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P56, P57 40V<V, <55V V. .-25 —
—loy=0.1mA
3.0V<V, <40V V. ,-20 —
—|OH =0.1mA
Output Vo P10 to P12, Vi=40t055V — 0.6
low P14 to P17, lo,=1.6 MA
voltage P20 to P24,
P30 to P37,
P50 to P57, lo, =0.4 mA — 0.4
P70 to P72,
P74 to P77,
P85 to P87,
P90 to P97
P60 to P67, Vi=40t055V — 1.5
P80 to P84 lo, =20.0 mA
Vi=40t055V — 1.0
lo, = 10.0 mA
V,,=40to55V — 0.4
lo,=1.6mA
lo,=0.4 mA — 0.4
SCL, SDA V,,=40to55V — 0.6
lo, =6.0mA
lo, =3.0mA — 0.4
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RXD_2, SCK3_2,

RXD_3, SCK3_3,
SCL, SDA,
TMIB1, FTCI
P10 to P12, V,=05Vor — — 1.0 pA
P14 to P17, higher
P20 to P24, (Ve —0.5V)
P30 to P37,
P50 to P57,
P60 to P67,
P70 to P72,
P74 to P77,
P80 to P87,
P90 to P97
PBO to PB7 V,=05Vor — — 1.0 HA
higher
(AV,,—-0.5V)
Pull-up -1, P10 to P12, Vee=5.0V, 50.0 — 300.0 pA
MOS P14 to P17, V,=00V
current P50 to P55 V=30V, — 600 —
V,=00V
Pull-up Rees RES — 150 — kQ
MOS
resistance
Input C, All input pins f=1MHz, — — 15.0 pF
capaci- except power V=00V,
tance supply pins T,=25°C
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Active mode 2
V=30V,
fose = 10 MHz

1.3

Sleep |
mode

supply
current

SLEEP1

cc

Sleep mode 1
Vo, =5.0V,
fosc = 20 MHz

18.0

23.0 mA

Sleep mode 1
V=30V,
fose = 10 MHz

8.0

SLEEP2

cc

Sleep mode 2
Ve, =5.0V,
fosc = 20 MHz

2.1

3.1 mA

Sleep mode 2
V=30V,
fose = 10 MHz

1.2

Subactive |
mode

supply
current

suB

cc

Vee=3.0V
32-kHz crystal
resonator

(q)sus = 0,/2)

35.0

70.0 pA

Vee=3.0V
32-kHz crystal
resonator

(q)sus = 0,/8)

25.0

Subsleep |
mode

supply
current

SUBSP

cc

V=30V
32-kHz crystal
resonator

(q)sus = 0,/2)

25.0

50.0 pA
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NOte. ©  Flin states auring supply cdrrent rmeasurement are given beliow (exciuaing cul
pull-up MOS transistors and output buffers).

Mode RES Pin Internal State Other Pins Oscillator Pins
Active mode 1 Ve Operates Ve Main clock:
ceramic or cryste
Active mode 2 Operates Subclock:
($os/64) Pin X1 =V
Sleep mode 1 Ve Only timers operate ~ V,
Sleep mode 2 Only timers operate
(90sc/64)
Subactive mode Ve Operates Vee Main clock:
ceramic or cryste
Subsleep mode Ve Only timers operate V., Subclock:
crystal resonator
Standby mode Ve CPU and timers Ve Main clock:
both stop ceramic or crystz
Subclock:
Pin X1 = Vg
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Output pins — — 0.5
except port 6,

P80 to P84,

SCL, and SDA

Port 6, — — 10.0

P80 to P84

SCL, SDA — — 6.0
Allowable output low Xl Output pins V,,=4.0t055V — — 40.0
current (total) except port 6,

P80 to P84,

SCL, and SDA

Port 6, — — 80.0

P80 to P84,

SCL, and SDA

Output pins — — 20.0

except port 6,

P80 to P84,

SCL, and SDA

Port 6, — — 40.0

P80 to P84,

SCL, and SDA
Allowable output high |1, | All output pins ~ V,,=4.0t055V — — 2.0
current (per pin) _ — 0.2
Allowable output high  [-XI,,|  Alloutputpins Vo, =4.0t05.5V — — 30.0
current (total) — — 8.0
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System clock (¢)
cycle time

cye

64

0SC

12.8

s

Subclock oscillation
frequency

f

X1, X2

— 32.768 —

kHz

Watch clock (¢,,)
cycle time

X1, X2

— 305 —

s

Subclock (¢g,5)
cycle time

t

'subcyc

Instruction cycle
time

cyc

'subcyc

Oscillation
stabilization time
(crystal resonator)

OSCH,
0SC2

10.0

ms

Oscillation
stabilization time
(ceramic resonator)

OSCH,
0SC2

5.0

ms

Oscillation
stabilization time

rex

X1, X2

2.0

External clock high
width

CPH

OSCH

Vi=40t055V 200 —

40.0 —

ns

External clock low
width

CPL

OsC1

Vo, =40t055V 200 —

400 —

ns

External clock rise
time

CPr

OsC1

Vo,=40t055V —  —

10.0

15.0

ns

External clock fall
time

CPf

OSCH

Vi =40t055V —  —

10.0

15.0

ns
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WKPO to
WKPS,
TMCIV,
TMRIV,
TRGV,
ADTRG,
FTIOAO to
FTIODO,
FTIOAT to
FTIODA1,
FTIOA to
FTIOD, FTCI

Input pin low t, NMI, TMBIT, 2 — —

width TRQO to
IRQ3,
WKPO to
WKP5,
TMCIV,
TMRIV,
TRGV,
ADTRG,
FTIOAO to
FTIODO,
FTIOA1 to
FTIOD1,
FTIOA to
FTIOD, FTCI

Notes: 1. When an external clock is input, the minimum system clock oscillation frequen
1.0 MHz.

2. Determined by the MA2, MA1, MAO, SA1, and SAO bits in the system control r
(SYSCR2).

cyc

subcyc
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SCL and SDA input  t, — — 1t ns
spike pulse removal
time
SDA input bus-free toe 5t — — ns
time
Start condition input  t_,, 3t — — ns
hold time
Retransmission start  t_ ¢ 3t,, — — ns
condition input setup
time
Setup time for stop tsros 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 t V,=40to — — 250 ns
fall time 55V
— — 300
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Input clock pulse | S SCK3 0.4 — 06 iy,
width

Transmit data delay  t,; TXD Vie=4.0t055V  — — 1 toe
time (clocked — — 1
synchronous)

Receive data setup texs RXD Voe=40t055V 500 — — ns
time (clocked 1000 — —
synchronous)

Receive data hold toxn RXD V,e=40t055V 500 — — ns
time (clocked 1000 — —
synchronous)
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AN7

Analog power supply Al AV, AV, =50V — — 20 mA
current f.oo = 20 MHz
Alsropy AVgo — 50 — pA
Algrops AV, — — 50 pA
Analog input Con ANO to — — 30.0 pF
capacitance AN7
Allowable signal Ran ANO to — — 50 kQ
source impedance AN7
Resolution (data 10 10 10 Bit
length)
Conversion time AV, =3.0to 134 — — tye
(single mode) 55V
Nonlinearity error — — 75 LSB
Offset error — — 7.5 LSB
Full-scale error — — 7.5 LSB
Quantization error — — 05 LSB
Absolute accuracy — — 8.0 LSB
Conversion time AV,.=4.0to 70 — — oo
(single mode) 55V
Nonlinearity error — — %75 LSB
Offset error — — 75 LSB
Full-scale error — — 75 LSB
Quantization error — — 0.5 LSB
Absolute accuracy — — 8.0 LSB
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2. Al is the current in active and sleep modes while the A/D converter is idle.
3. Al is the current at reset and in standby, subactive, and subsleep modes w
A/D converter is idle.

23.25 Watchdog Timer Characteristics

Table23.7 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 1|
Internal 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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neprogramming count Nyec v 1TUUvL —

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
z2 7<n<1000 198 200 202
z3 Additional- 8 10 12

programming

Wait time after P bit clear*' o 5 — —

Wait time after PSU bit clear*' B 5 — —

Wait time after PV bit setting*' y 4 — —

Wait time after dummy write*' ¢ 2 — —

Wait time after PV bit clear*’ 1 2 — —

Wait time after SWE bit clear*' 0 100 — —

Maximum programming N — — 1000

count *'x*3

Rev. 3.00 Mar. 15, 2006 Pag
RENESAS REJOC



Wait time after dummy write*' & 2 — —

Wait time after EV bit clear*’ 1 4 — —
Wait time after SWE bit clear*' 6 100 — —
Maximum erase count *'**7 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 &

flash memory control register 1 (FLMCR1) is set. The program-verify time is n¢
included.)
The time required to erase one block. (Indicates the time for which the E bit in
memory control register 1 (FLMCR1) is set. The erase-verify time is not includ
Maximum programming time (t, (max.)) = wait time after P bit setting (z) x ma»
programming count (N)
Set the maximum programming count (N) according to the actual set values of
and z3, so that it does not exceed the maximum programming time (t, (max.)).
time after P bit setting (z1, z2) should be changed as follows according to the
the programming count (n).
Programming count (n)

1<n<6 z1 =30 ps

7<n<1000 z2=200ps
Maximum erase time (t. (max.)) = wait time after E bit setting (z) x maximum e
count (N)

Set the maximum erase count (N) according to the actual set value of (z), so tl
does not exceed the maximum erase time (t_ (max.)).
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voltage

Reset detection voltage 1*' Vreset LVDSEL=0 — 2.3 27
Reset detection voltage 2** Vreset2 LVDSEL=1 3.0 3.6 4.2
Lower-limit voltage of LVDR V ommin — 1.0 — —
operation*®
LVD stabilization time tuoon — 50 — —
Supply current in standby mode lsray LVDE =1, — — 350
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.
2. Select the low-voltage reset 2 when only the low-voltage detection reset is us
3. When the power-supply voltage (Vcc) falls below V =1.0 V and then rise

LVDRmin

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 the
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

23.3 Electrical Characteristics (Masked ROM Version)

2331 Power Supply Voltage and Operating Ranges

Power Supply Voltage and Oscillation Frequency Range

¢ osc (MHz) o w (kHz)
200 --f---------
32.768 | ---- | =esessosomomammes ]
10.0 --1-- . . ' ;
2.0 --1--1 . '
27 40 55 Voo (V) 57 4.0 55 Vg
. AVCC =27t055V i AVCC =27t055V
* Active mode * All operating modes
¢ Sleep mode
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« Sleep mode « Subsleep mode
(When MA2 in SYSCR2 = 0)
o (kHz)

2500 [~

1250 |----

78125 f----

2.7 4.0 55 Ve (V)
. AVCC =27t055V
¢ Active mode
¢ Sleep mode
(When MA2 in SYSCR2 = 1)

Analog Power Supply Voltage and A/D Converter Accuracy Guarantee Range

o (MHz)
20.0 f-----m---e-

10.0 f------

2.0 |------

30 4.0 55 AVgc (V)

. VCC =27t055V
* Active mode
¢ Sleep mode
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2.0I----

Vee(V)

L
3.0 4.5 5.5

[ Operation guarantee range

[ Operation guarantee range except
A/D conversion accuracy
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ADTRG,TMRIV,

TMCIV, FTIOAO V09 — Vg +03
to FTIODO,

FTIOA1 to

FTIOD1, FTIOA

to FTIOD, SCK3,

SCK3_2,

SCK3_3, TRGV,

FTCI, TMIB1

RXD,RXD_2, V. =40t055V V, x07 — V, +03 V
RXD_3, SCL,

SDA,

P10 to P12,

P14 to P17,

P20 to P24,

P30 to P37

P50 to P57, Ve x08 — Vg +03
P60 to P67,
P70 to P72,
P74 to P77,
P80 to P87,
P90 to P97

PBO to PB7 V,=4.0t055V V, x07 — AV,.+03 V
Viex08 — AV +03

0OSCH1 Vee=4.0t055V V. -05 — Vee+03  V
Vee—03 — Vi +0.3

Note: Connect the TEST pin to Vss.
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AT =

SCK3_3, TRGV,
FTCI, TMIB1

RXD, RXD_2,
RXD_3, SCL,
SDA,

P10 to P12,
P14 to P17,
P20 to P24,
P30 to P37,

P50 to P57,
P60 to P67,.
P70 to P72,
P74 to P77,
P80 to P87,
P90 to P97

V,=4.0t055V -0.3

V% 0.3

Vi x0.2

PBO to PB7

Vi, =401t055V -0.3

V. x0.3

-0.3

V,,x 0.2

OSCH

V,=40t055V -0.3

0.5

-0.3

0.3
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I WY WS T e

P56, P57 40V<V, <55V Vi -25 — — Vv

cCc —

—ly=0.1mA
20V<V, <40V V,-20 — —
—|0H =0.1mA
Output Vo, P10 to P12, V,=40t055V — — 06 Y%
low P14 to P17, | =1.6mA
voltage P20 to P24, o
P30 to P37,
P50 to P57, lo, = 0.4 mA — — 04
P70 to P72,
P74 to P77,
P85 to P87,
P90 to P97
P60 to P67, V,=40t055V — — 15 v
P80 to P84 |, =20.0 mA
V,=40t055V — — 10
. = 10.0 mA
V,=40t055V — — 04
o, = 1.6 MA
lo, = 0.4 mA — — 04
SCL, SDA V,=40t055V — — 06 v
lo, =6.0 mA
o, = 3.0 MA — — 04
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RXD_2, SCK3_2,

RXD_3, SCK3_3,
SCL, SDA,
TMIB1, FTCI
P10 to P12, V,=05Vor — — 1.0 pA
P14 to P17, higher
P20 to P24, (Ve —0.5V)
P30 to P37,
P50 to P57,
P60 to P67,
P70 to P72,
P74 to P77,
P80 to P87,
P90 to P97
PBO to PB7 V,=05Vor — — 1.0 pA
higher
(AV,,—0.5V)
Pull-up -1, P10 to P12, Vee=5.0V, 50.0 — 300.0 pA
MOS P14 to P17, V=00V
current
P50 to P55 Vee=3.0V, — 60.0 —
V=00V
Pull-up Ries RES — 150 — kQ
MOS
resistance
Input C, All input pins f=1MHz, — — 15.0 pF
capaci- except power V=00V,
tance supply pins T,=25°C
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Active mode 2
V=3.0V,
foso = 10 MHz

Sleep |
mode

supply
current

SLEEP1

cc

Sleep mode 1
Ve =5.0V,
fosc = 20 MHz

18.0 23.0 mA

Sleep mode 1
Ve =3.0V,
fosc = 10 MHz

80 —

SLEEP2

cc

Sleep mode 2
Vee=5.0V,
fosc = 20 MHz

2.1 3.1 mA

Sleep mode 2
Vi=3.0V,
foso = 10 MHz

1.2 —

Subactive |
mode

supply
current

suB

cc

Vee=3.0V
32-kHz crystal
resonator

q)S uB ¢W/2

35.0 70.0 pA

Vee=3.0V
32-kHz crystal
resonator

q)S uB q)W/8

250 —

Subsleep |
mode

supply
current

SUBSP

cc

Ve =3.0V
32-kHz crystal
resonator

q)S uB ¢W/2

250 50.0 pA

RENESAS
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Mode RES Pin Internal State Other Pins Oscillator Pin

Active mode 1 Ve Operates Vee Main clock:
ceramic or cry
resonator

Active mode 2 Operates Subclock:

(¢osc/64) Pin X1 = Vss

Sleep mode 1 Ve Only timers operate Ve

Sleep mode 2 Only timers operate

(9050/64)

Subactive mode Ve Operates Ve Main clock:
ceramic or cry
resonator

Subsleep mode Ve Only timers operate Vee 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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Output pins — — 0.5

except port 6,

P80 to P84,

SCL, and SDA

Port 6, — — 10.0

P80 to P84

SCL, SDA — — 6.0
Allowable output low I, Output pins V,,=40t055V — — 40.0
current (total) except port 6,

P80 to P84,

SCL, and SDA

Port 6, — — 80.0

P80 to P84,

SCL, and SDA

Output pins — — 20.0

except port 6,

P80 to P84,

SCL, and SDA

Port 6, — — 40.0

P80 to P84,

SCL, and SDA
Allowable output high All output pins V., =4.0t0o 5.5V — — 2.0
current (per pin) _ - 0.2
Allowable output high  [-XI,,| Alloutputpins ~ V, =4.0t055V ~ — — 30.0
current (total) _ _ 8.0
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System clock (¢)
cycle time

cyc

64

0SC

12.8

us

*2

Subclock
oscillation
frequency

X1, X2

32.768

kHz

Watch clock (¢,,)
cycle time

X1, X2

30.5

us

Subclock (¢g,,)
cycle time

'subcyc

Instruction cycle
time

cyc

'subcyc

Oscillation
stabilization time
(crystal resonator)

0OSCt,
0Sc2

10.0

ms

Oscillation
stabilization time

(ceramic resonator)

0OSCt,
0SC2

5.0

ms

Oscillation
stabilization time

X1, X2

2.0

External clock
high width

0OSC1

Ve =4.0t055V

205.0

40.0

ns

External clock
low width

OSC1

Ve =4.0t055V

20.0

40.0

ns

External clock
rise time

CPr

OSC1

Vo =4.0t055V

10.0

15.0

ns

External clock
fall time

CPf

OSC1

Ve, =40t055V

10.0

15.0

ns
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WKPO to
WKP5,
TMCIV,
TMRIV,
TRGV,
ADTRG,
FTIOAO to
FTIODO,
FTIOAT to
FTIOD1,
FTIOA to
FTIOD, FTCI

Input pin low t, NMI, TMBI1, 2 — —

width

cyc

TRQO to
TRQ3,
WKPO to
WKPS5,
TMCIV,
TMRIV,
TRGV,
ADTRG,
FTIOAO to
FTIODO,
FTIOA1 to
FTIOD1,
FTIOA to
FTIOD, FTCI

subcyc

Notes: 1.

When an external clock is input, the minimum system clock oscillation freque
1.0 MHz.

Determined by the MA2, MA1, MAOQ, SA1, and SAO bits in the system control
(SYSCR2).
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SCL and SDA input  t, — — 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  t V=40 — — 250 ns
fall time to5.5V

— — 300
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width

Transmit data delay  t
time (clocked
synchronous)

TXD Vi,=40t055V —  — 1 F

cyc

Receive data setup 1, RXD Vee=40t055V 500 — — ns
time (clocked 1000 — —
synchronous)

Receive data hold texn RXD V,o=40t055V 500 — — ns
time (clocked
synchronous)

1000 — —
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AN7 0.3
Analog power supply Al AV, AV, =50V — — 2.0 mA
current .
osc —
20 MHz
AISTOPI Avcc - 50 - “A
AISTOP2 Avcc - - 5.0 “A
Analog input Can ANO to — — 30.0 pF
capacitance AN7
Allowable signal source R, ANO to — — 5.0 kQ
impedance AN7
Resolution (data length) 10 10 10 Bit
Conversion time (single AV, =27t0 134 — — tye
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 (single AV, =4.0to 70 — — oye
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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2. Al is the current in active and sleep modes while the A/D converter is idle

3. Alg,,, is the current at reset and in standby, subactive, and subsleep modes
A/D converter is idle.

2335 Watchdog Timer Characteristics

Table 23.16 Watchdog Timer Characteristics
V,=27t055V,V =00V, T,=-20to +75°C, unless otherwise indicated.

Applicable Test Values
Item Symbol Pins Condition Min. Typ. Max. Unit
Internal toue 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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voltage

Reset detection voltage 1*' Vreset LVDSEL=0 — 2.3 27
Reset detection voltage 2** Vreset2 LVDSEL=1 3.0 3.6 4.2
Lower-limit voltage of LVDR V ommin — 1.0 — —
operation*®
LVD stabilization time tuoon — 50 — —
Supply current in standby mode lsray LVDE =1, — — 350

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 func

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 ti
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

234  Operation Timing

VIH
0sCt &
v

tCPH tCPL

vy

<t

CPf

Figure23.1 System Clock Input Timing
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m
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/ \ /
‘5 Vie Viex (« 7
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Figure23.2 RES Low Width Timing
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SDA /
]
tsoLn
SCL
tsoLL
B E—
* s > = tspan

Note: * S, P, and Sr represent the following:
S: Start condition
P: Stop condition
Sr: Retransmission start condition

Figure23.4 |1°C BusInterface Input/Output Timing

tsckw

SCK3

tScyc
= =1

Figure23.5 SCK3Input Clock Timing
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= X ()]

Note: * Output timing reference levels
Output high: Vou=2.0V
Output low: VOoLl=08V
Load conditions are shown in figure 23.7.

Figure23.6 SCI Input/Output Timing in Clocked Synchronous Mode

23,5  Output Load Condition

2.4kQ

LSI output pin @ ! K

30 pF == 12kQ

T

Figure23.7 Output Load Circuit
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il MR e eI

Rs General source register

Rn General register

ERd General destination register (address register or 32-bit register)

ERs General source register (address register or 32-bit register)

ERn General register (32-bit register)

(EAd) Destination operand

(EAs) Source operand

PC Program counter

SP Stack pointer

CCR Condition-code register

N N (negative) flag in CCR

Z Z (zero) flag in CCR

\ 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 transi
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
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0 Cleared to 0
1 Setto 1
— Not affected by execution of the instruction

A Varies depending on conditions, described in notes

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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MOV.B @ERs, Rd B @ERs — Rd8 T(T|o
MOV.B @(d:16, ERs), Rd B @(d:16, ERs) — Rd8 T|T|o
MOV.B @(d:24, ERs), Rd B @(d:24, ERs) — Rd8 T|T|o
MOV.B @ERs+, Rd B @ERs — Rd8 T|T|o
ERs32+1 — ERs32
MOV.B @aa:8, Rd B @aa:8 — Rd8 Il ]o
MOV.B @aa:16, Rd B @aa:16 — Rd8 Tl |o
MOV.B @aa:24, Rd B @aa:24 — Rd8 T(T|o
MOV.B Rs, @ERd B Rs8 — @ERd T(T]|o
MOV.B Rs, @(d:16, ERd) B Rs8 — @(d:16, ERd) T|T|o
MOV.B Rs, @(d:24, ERd) B Rs8 — @(d:24, ERd) (T |o
MOV.B Rs, @—ERd B ERd32-1 — ERd32 T|T|o
Rs8 — @ERd
MOV.B Rs, @aa:8 B Rs8 — @aa:8 T|T|o
MOV.B Rs, @aa:16 B Rs8 — @aa:16 T|T|o0
MOV.B Rs, @aa:24 B Rs8 — @aa:24 T|T|o
MOV.W #xx:16, Rd w #xx:16 — Rd16 T(T]|o
MOV.W Rs, Rd w Rs16 — Rd16 T(T]|o
MOV.W @ERs, Rd w @ERs — Rd16 T(T]|o
MOV.W @(d:16, ERs), Rd | W @(d:16, ERs) — Rd16 T|T|o
MOV.W @(d:24, ERs), Rd | W @(d:24, ERs) — Rd16 T|T|o
MOV.W @ERs+, Rd w @ERs — Rd16 T|T|o
ERs32+2 — @ERd32
MOV.W @aa:16, Rd w @aa:16 — Rd16 Il |o
MOV.W @aa:24, Rd w @aa:24 — Rd16 (T |o
MOV.W Rs, @ERd w Rs16 — @ERd T(T|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) T|T|o
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this LSI

MOV.L @ERs, ERd L 4 @ERs — ERd32 ——=[{T|T |0
MOV.L @(d:16, ERs), ERd L 6 @(d:16, ERs) — ERd32 —|—|2|T]|o
MOV.L @(d:24, ERs), ERd L 10 @(d:24, ERs) — ERd32 —|—|T|T]o
MOV.L @ERs+, ERd L @ERs — ERd32 —|—=[{T|T |0
ERs32+4 — ERs32
MOV.L @aa:16, ERd L @aa:16 — ERd32 —|—[{T|T |0
MOV.L @aa:24, ERd L @aa:24 — ERd32 —|—[{T|T |0
MOV.L ERs, @ERd L 4 ERs32 — @ERd —[—[{T|T |0
MOV.L ERs, @(d:16, ERd) L 6 ERs32 — @(d:16, ERd) —|—|T|T]o
MOV.L ERs, @(d:24, ERd) L 10 ERs32 — @(d:24, ERd) —|—|T|T]o
MOV.L ERs, @-ERd L ERd32-4 — ERd32 —[—[{T|T|o0
ERs32 — @ERd
MOV.L ERs, @aa:16 L ERs32 — @aa:16 ——[{T|T |0
MOV.L ERs, @aa:24 L ERs32 — @aa:24 —|[—[{T|T |0
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 |0
ERn32 —» @SP
MOVFPEMOVFPE @aa:16, Rd B Cannot be used in Cannot be used in
this LS| this LS|
MOVTPEMOVTPE Rs, @aa:16 B Cannot be used in Cannot be used in

this LSI
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ADD.L #xx:32, ERd L ERd32+#xx:32 — @|T(T|2
ERd32
ADD.L ERs, ERd L 2 ERd32+ERs32 — @2
ERd32
ADDX |ADDX.B #xx:8, Rd B Rd8+#xx:8 +C — Rd8 T1T(@|2
ADDX.B Rs, Rd B 2 Rd8+Rs8 +C — Rd8 T1T(@|°
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 |INCBRd B 2 Rd8+1 — Rd8 A
INC.W #1, Rd w 2 Rd16+1 — Rd16 A
INC.W #2, Rd w 2 Rd16+2 — Rd16 —|T(T|T
INC.L #1, ERd L 2 ERd32+1 — ERd32 —[T]|2|2
INC.L #2, ERd L 2 ERd32+2 — ERd32 N ol
DAA |DAARd B 2 Rd8 decimal adjust T
— Rd8
SUB |SUB.B Rs, Rd B 2 Rd8-Rs8 — Rd8 TIT|T|T
SUB.W #xx:16, Rd w Rd16-#xx:16 — Rd16 Mm{T|T|?T
SUB.W Rs, Rd w 2 Rd16-Rs16 — Rd16 Mm|T{T|2
SUB.L #xx:32, ERd L ERd32—#xx:32 — ERd32 @2
SUB.L ERs, ERd L 2 ERd32-ERs32 — ERd32 @2
SUBX |SUBX.B #xx:8, Rd B Rd8—#xx:8-C — Rd8 T1T(@|2
SUBX.B Rs, Rd B 2 Rd8-Rs8-C — Rd8 T1T(@|2
SUBS |SUBS.L #1, ERd L 2 ERd32-1 — ERd32 R [ i
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 —|T(T|T
DEC.W #1, Rd w 2 Rd16-1 — Rd16 A
DEC.W #2, Rd w 2 Rd16-2 — Rd16 A
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MULXU. W Rs, ERd W 2 Rd16 x Rs16 — ERd32 — ===
(unsigned multiplication)

MULXS|MULXS. B Rs, Rd B 4 Rd8 x Rs8 — Rd16 —[—T?
(signed multiplication)

MULXS. W Rs, ERd w 4 Rd16 x Rs16 — ERd32 — =177
(signed multiplication)

DIVXU |DIVXU. B Rs, Rd B 2 Rd16 + Rs8 — Rd16 —[—1(6)|(7)
(RdH: remainder,
RdL: quotient)
(unsigned division)

DIVXU. W Rs, ERd w 2 ERd32 + Rs16 — ERd32 —|—1®)[®
(Ed: remainder,
Rd: quotient)
(unsigned division)

DIVXS |DIVXS. B Rs, Rd B 4 Rd16 + Rs8 — Rd16 —|—1®)[(?
(RdH: remainder,
RdL: quotient)

(signed division)

DIVXS. W Rs, ERd W 4 ERd32 + Rs16 — ERd32 —|—|®[®
(Ed: remainder,
Rd: quotient)

(signed division)

CMP |CMP.B #xx:8, Rd B|2 Rd8—#xx:8 —|T|T|T|T
CMP.B Rs, Rd B 2 Rd8-Rs8 —|T|T|T|T
CMP.W #xx:16, Rd W| 4 Rd16-#xx:16 —|MIT|T|2
CMP.W Rs, Rd w 2 Rd16-Rs16 —|mTIT|T
CMP.L #xx:32, ERd L|6 ERd32—#xx:32 —(@|T|T]|T
CMP.L ERs, ERd L 2 ERd32-ERs32 —l@|T|T]|T
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of ERd32)

EXTS |EXTS.W Rd (<bit 7> of Rd16) — Tlo
(<bits 15 to 8> of Rd16)
EXTS.L ERd (<bit 15> of ERd32) — Tlo

(<bits 31 to 16> of
ERd32)
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AND.L #xx:32, ERd L ERd32A#xx:32 — ERd32 T|T|o
AND.L ERs, ERd L 4 ERdJ32AERs32 — ERd32 T]T]o
OR |OR.B #xx:8, Rd B Rd84xx:8 — Rd8 T|T1o
OR.B Rs, Rd B 2 Rd8Rs8 — Rd8 T|T|o
OR.W #xx:16, Rd w Rd164xx:16 — Rd16 Ti{T]|o
OR.W Rs, Rd w 2 Rd16Rs16 — Rd16 Ti{T]o
OR.L #xx:32, ERd L ERd324xx:32 — ERd32 T(T]o
OR.L ERs, ERd L 4 ERdJ32ERs32 — ERd32 Ti{T]o
XOR [XOR.B #xx:8, Rd B Rd8®#xx:8 — Rd8 T(T]o
XOR.B Rs, Rd B 2 Rd8®Rs8 — Rd8 T|T]|o
XOR.W #xx:16, Rd W Rd16®#xx:16 — Rd16 T(T]o
XOR.W Rs, Rd w 2 Rd16®Rs16 — Rd16 T{T]o
XOR.L #xx:32, ERd L ERd32@®#xx:32 — ERd32 T{T]o
XOR.L ERs, ERd L 4 ERA32®ERs32 — ERd32 Ti{T]o
NOT [NOT.BRd B 2 ~ Rd8 — Rd8 T|T]|o
NOT.W Rd w 2 ~Rd16 — Rd16 T{T]|o
NOT.L ERd L 2 ~ Rd32 — Rd32 T{T]|o
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SHAR.W Rd w 2 |’_|.,—HE| —1=TzTzTo
SHAR.L ERd L 2 vSB LSB —=Tz1z1o
SHLL |SHLL.B Rd B 2 —[(=]zlz]o0
SHLL.W Rd w 2 _ S N I P N
SHLL.L ERd L 2 MSB B [—[—[1 170
SHLR |SHLR.B Rd B 2 —[—=]zlz]o0
SHLR.W Rd w 2 0 _ —|—=]z(2|o
SHLR.L ERd L 2 MsB LSB S
ROTXL |[ROTXL.B Rd B 2 —[t]z]o
ROTXL.W Rd w 2 ||I —|—=]zl2|o
ROTXL.L ERd L 2 mse——1sB [—[—_[1]2]0
ROTXR [ROTXR.B Rd B 2 —[t]z]o
ROTXR.W Rd w 2 I|| —|—=]z(z o
ROTXR.L ERd L 2 MSB——>LSB —|—[t|¢]o
ROTL [ROTL.BRd B 2 —[—=]t{2]o
ROTL.W Rd w 2 I —|=]z(2 o
ROTL.L ERd L 2 MSB=——LSB |[_|_[1 (1o
ROTR [ROTR.B Rd B 2 —|=]z(2|o
ROTR.W Rd w 2 I;J —|=]z(2|o
ROTR.L ERd L 2 MSB —>LSB .

RENESAS
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BSET Rn, @ERd

Rn8 of @ERd) « 1

BSET Rn, @aa:8

Rn8 of @aa:8) « 1

BCLR

BCLR #xx:3, Rd

BCLR #xx:3, @ERd

#xx:3 of @ERd) « 0

BCLR #xx:3, @aa:8

#xx:3 of @aa:8) « 0

BCLR Rn, Rd

(
(
(#xx:3 of Rd8) « 0
(
(
(

Rn8 of Rd8) « 0

BCLR Rn, @ERd

(Rn8 of @ERd) « 0

BCLR Rn, @aa:8

(Rn8 of @aa:8) < 0

BNOT

BNOT #xx:3, Rd

0| 0|0 |0 | 0|00 |®T®T

(#xx:3 of Rd8) «
~ (#xx:3 of Rd8)

BNOT #xx:3, @ERd

(#xx:3 of @ERd) «
~ (#xx:3 of @ERd)

BNOT #xx:3, @aa:8

(#xx:3 of @aa:8) «
~ (#xx:3 of @aa:8)

BNOT Rn, Rd

(Rn8 of Rd8) «
~ (Rn8 of Rd8)

BNOT Rn, @ERd

(Rn8 of @ERd) «
~ (Rn8 of @ERd)

BNOT Rn, @aa:8

(Rn8 of @aa:8) «
~ (Rn8 of @aa:8)

BTST

BTST #xx:3, Rd

~ (#xx:3 of Rd8) —» Z

BTST #xx:3, @ERd

~ (#xx:3 of @ERd) — Z

BTST #xx:3, @aa:8

~ (#xx:3 of @aa:8) —» Z

BTST Rn, Rd

~ (Rn8 of @Rd8) — Z

BTST Rn, @ERd

~ (Rn8 of @ERd) - Z

BTST Rn, @aa:8

~ (Rn8 of @aa:8) - Z

L d Bad Red Rad Bad Kd

BLD

BLD #xx:3, Rd

0| 0|0 |0 || @@

(#xx:3 of Rd8) — C
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BST #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

CAa(#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

Cha ~ (#xx:3 of @aa:8) - C

BOR

BOR #xx:3, Rd

Cv(#xx:3 of Rd8) — C

BOR #xx:3, @ERd

Cv(#xx:3 of @ERd24) — C

BOR #xx:3, @aa:8

Cv(#xx:3 of @aa:8) - C

BIOR

BIOR #xx:3, Rd

Cv ~ (#xx:3 of Rd8) —» C

BIOR #xx:3, @ERd

Cv ~ (#xx:3 of @ERd24) — C

BIOR #xx:3, @aa:8

Cv ~ (#xx:3 of @aa:8) - C

BXOR

BXOR #xx:3, Rd

Co(#xx:3 of Rd8) - C

BXOR #xx:3, @ERd

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

0| 0|0 |0 |0 W00 |0 |0 | 0| 0|00 |0|0 000000

C® ~ (#xx:3 of @aa:8) - C
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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

BEQd:8 — 2 Z=1
BEQd:16 — 4

BVC d:8 — 2 V=0

BVC d:16 — 4

BVS d:8 — 2 V=1

BVS d:16 — 4

BPL d:8 — 2 N=0

BPL d:16 — 4

BMI d:8 — 2 N=1

BMI d:16 — 4

BGE d:8 — 2 NeV =0
BGE d:16 — 4

BLT d:8 — 2 NeV = 1

BLT d:16 — 4

BGT d:8 — 2 Zv (NeV) =0
BGT d:16 — 4

BLE d:8 — 2 Zv (NeV) =1
BLE d:16 — 4
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PC « PC+d:16

JSR [JSR @ERn PC - @-SP —|—=
PC < ERn
JSR @aa:24 4 PC - @-SP — | =
PC < aa:24
JSR @ @aa:8 2 PC - @-SP — | =
PC « @aa:8
RTS |[RTS 2 |PC « @SP+ —|—
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PC « @SP+

SLEEP [SLEEP — Transition to power- — ===
down state
LDC |LDC #xx:8, CCR B #xx:8 - CCR T{T|T|T]|2
LDC Rs, CCR B Rs8 — CCR TIT(T|T|T
LDC @ERs, CCR w 4 @ERs — CCR O3 IRON RO IRON )
LDC @(d:16, ERs), CCR w 6 @(d:16, ERs) —» CCR O3 IRON RO IRON )
LDC @(d:24, ERs), CCR w 10 @(d:24, ERs) - CCR O3 IRON RO IRON 0
LDC @ERs+, CCR w @ERs — CCR dlrlalels
ERs32+2 — ERs32
LDC @aa:16, CCR w @aa:16 — CCR 0 7|2
LDC @aa:24, CCR w @aa:24 — CCR 0 12T
STC |STC CCR, Rd B CCR — Rd8 —|—=|=|=]—=
STC CCR, @ERd w 4 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 CCRA#xx:8 — CCR TIT|T(T|2
ORC |ORC #xx:8, CCR B CCRv#xx:8 — CCR 0N O OB RON )
XORC |XORC #xx:8, CCR B CCR®#xx:8 - CCR TIT|T(T|2
NOP |NOP — PC « PC+2 —|—=|—=—]—
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A

until R4L=0
else next

EEPMOV. W —

N

if R4 = 0 then — ===
repeat @R5 — @R6
R5+1 —» R5
R6+1 — R6
R4-1 > R4
until R4=0
else next

Notes: 1. The number of states in cases where the instruction code and its operands al
in on-chip memory is shown here. For other cases, see appendix A.3, Numbe
Execution States.

2. nisthe value set in register R4L or R4.
(1) Setto 1 when a carry or borrow occurs at bit 11; otherwise cleared to 0.
(2) Setto 1 when a carry or borrow occurs at bit 27; otherwise cleared to 0.
(8) 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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1s149 1.2010L
ang aNvd HOX4d H04d
1s19 1.90104
aNv HOX d0 90410
SXAIQ SXAIQ sodto
SX1NN SXINN S0010
1S ol1Ss
oan oan 90¥10
HO1g
Ha1VY
g v 6 8 L 9 S 4 € 4 L 0 HY
10
U UBUM UO 119NJISu| I'_N
Ja[Ha| 1o [HO [ 19 [HEA | 1V [HY
U UBYM uononisu| 1 a1Aq Ui [@1Aq pig | ®1Ag pug | 81AQ IST | BP0D UoNoNIsU|
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BSET #0, @FFO00
From table A.4:
l=L=2, J=K=M=N=0
From table A.3:
§=2, §=2

L

Number of states required for execution=2x2+2x2=8

When instruction is fetched from on-chip ROM, branch addressis read from on-chip RC
on-chip RAM isused for stack area.

JSR @@ 30
From table A .4:

From table A.3:
§,=5,=5,=2

Number of states required for execution =2x2 +1x2+1x2=8
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Note: * Depends on which on-chip peripheral module is accessed. See section 22.1, F
Addresses (Address Order).

Rev. 3.00 Mar. 15, 2006 Page 482 of 526
REJ09B0060-0300 RENESAS



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

ANDC

ANDC #xx:8, CCR

BAND

BAND #xx:3, Rd
BAND #xx:3, @ERd
BAND #xx:3, @aa:8

-

Bcce

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

NN NN NN NN NN DN DN NN

RENESAS
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buL di1o(brho 4. 10)
BCS d:16(BLO d:16)
BNE d:16
BEQ d:16
BVC d:16
BVS d:16
BPL d:16
BMI d:16
BGE d:16
BLT d:16
BGT d:16
BLE d:16

N

ST \C R OB \C N \ "R \ R \C T \C T \C I \C B \V)

BCLR

BCLR #xx:3, Rd
BCLR #xx:3, @ERd
BCLR #xx:3, @aa:8
BCLR Rn, Rd
BCLR Rn, @ERd
BCLR Rn, @aa:8

- NN =

NN

BIAND

BIAND #xx:3, Rd
BIAND #xx:3, @ERd
BIAND #xx:3, @aa:8

—_

BILD

BILD #xx:3, Rd
BILD #xx:3, @ERd
BILD #xx:3, @aa:8
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BIXOR #XX:3, @ERd 2 1

BIXOR #xx:3, @aa:8 2 1
BLD BLD #xx:3, Rd 1

BLD #xx:3, @ERd 2 1

BLD #xx:3, @aa:8 2 1
BNOT BNOT #xx:3, Rd 1

BNOT #xx:3, @ERd 2 2

BNOT #xx:3, @aa:8 2 2

BNOT Rn, Rd 1

BNOT Rn, @ERd 2 2

BNOT Rn, @aa:8 2 2
BOR BOR #xx:3, Rd 1

BOR #xx:3, @ERd 2 1

BOR #xx:3, @aa:8 2 1
BSET BSET #xx:3, Rd 1

BSET #xx:3, @ERd 2 2

BSET #xx:3, @aa:8 2 2

BSET Rn, Rd 1

BSET Rn, @ERd 2 2

BSET Rn, @aa:8 2 2
BSR BSR d:8 2 1

BSR d:16 2 1
BST BST #xx:3, Rd 1

BST #xx:3, @ERd 2 2

BST #xx:3, @aa:8 2 2

RENESAS
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BAUR #XXlo, €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.BRd
DEC.W #1/2, Rd
DEC.L #1/2, ERd

DIVXS

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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JoR @Qaa:z4
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

- W N =2 =2 NN =

AN

RENESAS
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NIUV.VW €ERsS+, nd L

MOV.W @aa:16, Rd

w N

MOV.W @aa:24, Rd
MOV.W Rs, @ERd

-

MOV.W Rs, @(d:16,ERd)

AN

MOV.W Rs, @(d:24,ERd)

MOV MOV.W Rs, @-ERd

—_

MOV.W Rs, @aa:16
MOV.W Rs, @aa:24

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

[ B O < "2 \C RN ¢ ) B F> B \o}

MOVFPE MOVFPE @aa:16, Rd**

MOVTPE MOVTPE Rs,@aa:16**

N

DD NN NN NN NN NN
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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
SuB SUB.B Rs, Rd 1
SUB.W #xx:16, Rd 2
SUB.W Rs, Rd 1
SUB.L #xx:32, ERd 3
SUB.L ERs, ERd 1
SUBS SUBS #1/2/4, ERd 1
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AOR.L #XX:32, ERA S
XOR.L ERs, ERd 2

XORC XORC #xx:8, CCR 1

Notes: 1. n: Specified value in R4L and R4. The source and destination operands are ¢
n+1 times respectively.

2. Cannot be used in this LSI.
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instructions

FUFR Fuon

MOVFPE, R T T I (S — | =

MOVTPE
Arithmetic ADD, CMP BWL |BWL| — | — | — | — — | =
operations SUB WL lBwL| — — — — — —

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 — IBwL| — — — — — —
Shift operations — [BWL| — — — — — —
Bit manipulations — B B — — — — _
Branching BCC, BSR — — — — — — — —
instructions JMP, JSR — — O — — — — —

RTS — | -] | = | = | = — O
System TRAPA — — — — — — — —
control RTE — — — — — — — —
instructions

SLEEP — | - - | = | — — | =

LDC B B ) W w W W w

STC — B W W w W W w

ANDC, ORC, B — | - = | = | = — | =

XORC

NOP - === = | — — | —

Block data transfer instructions
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IRQ =

TRGV -————

[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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by
9]
A

d

[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 (P14, P16)
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IRQ
TMIB1

[Legend]

PUCR: Port pull-up control register
PMR: Port mode register

PDR: Port data register

PCR: Port control register

FigureB.3 Port 1 Block Diagram (P15)

Internal data bus RES SBY

D
I_4 Pull-up MOS

o] —D—

< <l

[Legend]

PUCR: Port pull-up control register
PDR: Port data register

PCR: Port control register

FigureB.4 Port 1 Block Diagram (P12)
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14-bit PWM

[Legend]

PUCR: Port pull-up control register
PMR: Port mode register

PDR: Port data register

PCR: Port control register

FigureB.5 Port 1 Block Diagram (P11)
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[Legend]

PUCR: Port pull-up control register
PMR: Port mode register

PDR: Port data register

PCR: Port control register

FigureB.6 Port 1 Block Diagram (P10)

Internal data bus

PCR

A

~

[Legend]

PUCR: Port pull-up control register
PDR:  Port data register
PCR:  Port control register

FigureB.7 Port 2 Block Diagram (P24, P23)
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[Legend]

PMR: Port mode register
PDR: Port data register
PCR: Port control register

FigureB.8 Port 2 Block Diagram (P22)

Internal data bus

S ey >
SN ey B

ZXTA

RxDJ: < \_.l

[Legend]
PDR: Port data register
PCR: Port control register

FigureB.9 Port 2 Block Diagram (P21)
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s

__________ E [Legend]
PDR: Port data register
PCR:  Port control register

FigureB.10 Port 2 Block Diagram (P20)

Internal data bus N
SBY

J&—D_qg

PDR j:)_"i

[Legend]
PDR: Port data register
PCR:  Port control register

FigureB.11 Port 3 Block Diagram (P37 to P30)

Rev. 3.00 Mar. 15, 2006 Pag
RENESAS REJOC



[Legend]

PMR: Port mode register
PDR: Port data register
PCR:  Port control register

FigureB.12 Port 5 Block Diagram (P57, P56)
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- Ny

WKP5

[Legend]

PUCR: Port pull-up control register
PMR:  Port mode register

PDR: Port data register

PCR:  Port control register

FigureB.13 Port 5 Block Diagram (P55)
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|

=
=
3
A

<
[Legend]

PUCR: Port pull-up control register
PMR: Port mode register

PDR: Port data register

PCR:  Port control register

FigureB.14 Port 5 Block Diagram (P54 to P50)
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' FTIOAto

[Legend]
PDR: Port data register
PCR: Port control register

FigureB.15 Port 6 Block Diagram (P67 to P60)

Internal data bus

—[ren ]+

ZXTA

[Legend]
PDR: Port data register
PCR: Port control register

FigureB.16 Port 7 Block Diagram (P77)
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............ 1 [Legend]
PDR: Port data register
PCR: Port control register

FigureB.17 Port 7 Block Diagram (P76)

Internal data bus

[

TimerV

? !

[ J [Legend]
PDR: Port data register
PCR: Port control register

FigureB.18 Port 7 Block Diagram (P75)
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Timer V

.............

[Legend]
PDR: Port data register
PCR: Port control register

FigureB.19 Port 7 Block Diagram (P74)
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---------- [Legend]
PMR: Port mode register
PDR: Port data register
PCR: Port control register
FigureB.20 Port 7 Block Diagram (P72)
Internal data bus SBY
—>| PDR I —HO—
PCR
sci2. ~
i RE .
! RxD |- ( |

[Legend]
PDR: Port data register
PCR: Port control register

FigureB.21 Port 7 Block Diagram (P71)
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SCKI | @—
_________ | [Legend]

PDR: Port data register
PCR:  Port control register

FigureB.22 Port 7 Block Diagram (P70)

Internal data bus SBY

PDR _a|:>_|

PCR »

ZXTA

[Legend]
PDR: Port data register
PCR:  Port control register

FigureB.23 Port 8 Block Diagram (P87 to P85)
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FTIOD

'
.
FTIOAto
H

[Legend]
PDR:  Port data register
PCR:  Port control register

FigureB.24 Port 8 Block Diagram (P84 to P81)

Internal data bus SBY

S =y

Timer W
FTClI =

& ZXTA

[Legend]
PDR: Port data register
PCR:  Port control register

FigureB.25 Port8 Block Diagram (P80)
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~

[Legend]
PDR: Port data register
PCR: Port control register

FigureB.26 Port 9 Block Diagram (P97 to P93)

Internal data bus

4
- [For] {1
—[por |

PCR
~

A

[Legend]

SMCR: Serial module control register
PDR: Port data register

PCR: Port control register

FigureB.27 Port 9 Block Diagram (P92)
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SCI3_3 U 'i

o= -
[Legend]
PDR: Port data register
PCR:  Port control register
FigureB.28 Port 9 Block Diagram (P91)
SBY
.SCi83
SCKIE 1

(%]
Q
P
(o]
m

Internal data bus lj‘)
—»l PDR I q:)_l

s

- ~

T I
[Legend] ~

PDR: Port data register
PCR:  Port control register

FigureB.29 Port 9 Block Diagram (P90)
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N

FigureB.30 Port B Block Diagram (PB7 to PBO)

B.2 Port Statesin Each Operating M ode

Port Reset Sleep Subsleep Standby Subactive Ac

P17 to P14, High Retained Retained High Functioning Ful

P12to P10  impedance impedance*

P24 to P20  High Retained Retained High Functioning Fu
impedance impedance

P37 to P30  High Retained Retained High Functioning Ful
impedance impedance

P57 to P50  High Retained Retained High Functioning Ful
impedance impedance*

P67 to P60  High Retained Retained High Functioning Ful
impedance impedance

P76 to P74, High Retained Retained High Functioning Ful

P72to P70 impedance impedance

P87 to P80  High Retained Retained High Functioning Fu
impedance impedance

P97 to P90  High Retained Retained High Functioning Ful
impedance impedance

PB7 to PBO High High High High High Hic
impedance impedance impedance impedance impedance imj

Note: * High level output when the pull-up MOS is in on state.
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Standard HD64336049H HD64336049(***)H
product

H8/36048 Masked ROM Product with HD64336048GH HD64336048(***)GH
version POR & LVDC

Standard HD64336048H HD64336048(***)H
product

H8/36047 Masked ROM Product with HD64336047GH HD64336047(***)GH
version POR & LVDC

Standard HD64336047H HD64336047(***)H
product

[Legend]
(***): ROM code
POR & LVDC: Power-on reset and low-voltage detection circuits
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172+0.3

ey

*Dimension including the plating thickness

Base material dimension

% o<
(o] oo
E S| o
E (Cv; ; ; 1.6
SS o
L ] R Ly
0o 7
oo
*d 0.8+0.3
[}
Package Code FP-80A
JEDEC —
JEITA Conforms
Mass (reference value) 129

FigureD.1 FP-80A Package Dimensions

Rev. 3.00 Mar. 15, 2006 Pag

RENESAS

REJOS



Rev. 3.00 Mar. 15,2006 Page 514 of 526
REJ09B0060-0300 RENESAS



3. Area H'FFF780 to H'FFFB7F must on no a
accessed.

4. When the E7 or E8 is used, address break
set as either available to the user or for use
E7 or E8. If address breaks are set as bein
the E7 or E8, the address break control rec
must not be accessed.

5. When the E7 or E8 is used, NMl is an inpu
pin (open-drain in output mode), P85 and F
input pins, and P86 is an output pin.

6.1.1 System Control Register 1
(SYSCR1)

76

Amended

Bit Bit NameEDescription

________________ e e

3 NESEL :Noise Elimination Sampling
:Frequency Select

i.... This bit selects the samp
:frequency of the oscillator cl
iwhen the watch clock signal
isampled. When ¢, = 4 t0 2
iclear NESEL to 0.
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SIS T G TREY T e CYW

(when the CPU operating clock of ¢,/8 — ¢ a
waiting time of 8192 states are selected)

Section 8 RAM 109 Added
Note: * When the E7 or E8 is used, area H'FFI
H'FFFB7F must not be accessed.

9.7.3 Pin Functions 139 Amended
e P84/FTIOD pin Register TMRW

Bit Name PWMD
9.7.3 Pin Functions 140 Amended
e P83/FTIOC pin Register TMRW

Bit Name PWMC
9.7.3 Pin Functions 140 Amended

o P82/FTIOB pin

Register TMRW
Bit Name PWMB
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14.3.7 Timer Counter (TCNT) 228 ....The TCNT counters cannot be accessed it
units; they must always be accessed as a 16
TCNT is initialized to H'0000.

Figure 14.17 Example of Input 245 Amended

Capture Operation
Counter cleared by FTIOB input (falling edge)

14.4.4 Synchronous Operation 248 Added

Figure 14.20 shows an example of synchronc
operation. In this example, .... set for the cha
counter clearing source. In addition, the same
clock has been set as the counter input clock
channel 0 and channel 1. Two-phase PWM w
are....
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'
' 1/0 port

— -

Timer Z output

Figure 14.45 Example of Output 277 Amended
Disable Timing of Timer Z by

External Trigger o LT LML LIL

WKP4
| « I

p)
«

TOER N X 2 HFF
P
(«

ZLT;L:tf)in Timer Z output X [){) 1/0 port
P

15.2.1 Timer Control/Status 290 Amended

Register WD (TCSRWD Bit Bit Name :Description

4 TCSRWE :Timer Control/Status Regit
Write Enable

The WDON and WRST bit
be written when the TCSR
issetto 1.

When writing data to this b
value for bit 5 must be 0.
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general call address or |
byte slave address, nex
detection of start conditi
accords with the addres

SAR
18.7 Usage Note 375 Added
19.3.1 A/D Data Registers AtoD 380 Amended
(ADDRA to ADDRD) .... The temporary register contents are trans
from the ADDR when the upper byte data is r
Therefore, byte access to ADDR should be d
reading the upper byte first then the lower on
access is also possible. ADDR is initialized to
Figure 20.1 Block Diagram of 392 Amended
Power-On Reset Circuit and Low-
Voltage Detection Circuit
RES
g CRES
Table 23.2 DC Characteristics (1) 431, Amended
Table 23.11 DC Characteristics 420 Mode RES Pin Internal State
(1) Active mode 1V, Operates
Active mode 2 Operates (0yc/64)
Sleep mode 1 V. Only timers operate
Sleep mode 2 Only timers operate
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lable A.1 Instruction oet 40/ Amended
2. Arithmetic Instructions

3 No. of
| 1

0! States

Ny

1 Condition Code S

. o, [}
Mnemonic S ® |2
o |

(] = >

Q| o | ©

O/ I |H|N vic|Z2 | <
o [panrd [Bi—[+[e[e] 8] 2
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Address break ........ccooovvvviiiiiiiiiiiiiiiiieien, 63

Addressing modes..........cccevevvieieeienieennnns 28
Arithmetic operations instructions............ 20
Asynchronous mode ...........cccceeeveeveennnne 318
Auto-reload timer operation ................... 164
B

Bit manipulation instructions.................... 23
Bit rate ....ooveeiieieieeee e 309
Bit synchronous circuit...........cceeeveeeeenne 374
Block data transfer instructions ................ 26
Boot mode ........coceeiiieiiie 95
Boot program.........ccceccveeveeenieenieenieeennn 95
Branch instructions .........cceceeceeevceeenenee. 25
Break. ..o 339
Buffer operation...........ccccoeevevvenienneenenns 268
C

Clock pulse generators..........ccoceeveereennenne 69
Clock synchronous serial format ............ 366
Clocked synchronous mode.................... 326
Combinations of instructions and

addressing modes...........cccveeveererrennnenne. 492
Complementary PWM mode.................. 258
Condition field........ccceeeveienininiine 27
Condition-code register (CCR)................. 13
CPU i 9

Erase/erase-verify ........cccceeueenne.
Erasing units .........cccocceevereenennen.
Error protection.........c.cceevveeenennen.
Event counter operation................
Exception handling ......................

F

Flash memory ........ccccevveiennennee.
Framing error .........cccceeveeeeneennen.

G

General registers .......cc..cccevvevennene

H

Hardware protection.....................

|

I/O Port block diagrams...............
I/O POrtS ..cceeeeeeiieieeieeieeieeee e,
I°C Bus format ...........cc.ccocoovnvnnn.
I°C bus interface 2 (IIC2)............
Immediate .......ccoceeeveeieieeieee
Initial setting procedure...............
Input capture function..................
Instruction list .......cccccvervveieennnnen.
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A

Large current ports..........cccceeeeverveeerennencnn 2 Pin arrangement............c.cccecevueneee.
Logic operations instructions.................... 22 Power-down modes........................
low-voltage detection circuit .................. 391 Power-down states ............ccue.n......
LVDI .ot 398 POWET-O1 TESCL....cvenrenerirenerrenrennne
LVDI (interrupt by low voltage detect) Power-on reset circuit ....................
10311113 SRS 398 Prescaler S ......coocovevenieieieieee,
LVDR .ot 397 Prescaler W.......coceeivieieieniieene
LVDR (reset by low voltage detect) Product code lineup ..........ccoenee..
10311113 | SRS 397 Program counter (PC)......cc....c.....
Program/program-verify ................
Program-counter relative ...............
M Programmer mode...........cccceueueee.
Mark State .....cevevveieierierereieieeeeeiere e 339 Programming units........................
Memory indirect .......ccoevveerenereeerieeenenn 30 Programming/erasing in user progr
MEMmOTy MaP ....eevveeeireeiieerieeireenieenieens 10 MOAE ..
Module standby function.............ccccueeneen. 87 PWM mode......cocoviiiniiinnn,
Multiprocessor communication PWM operation.........ccccceeeerueenennne.
TUNCHON. ..o 332
R
N Realtime clock (RTC)....................
NMI NteITUPL. ..o 55 Register addresses...........cccoocue.
NoiSe Canceler ......ovvviiririrrererererererenennn. 368 Register bits ........cccoovvviininiinns
Noise canceller ........c.covvviviririeierererennnn. 301 Register direct.........c.coooovvinniinnnn.
Number of execution states .................... 481 Register field..........cocoevevniiiis
Register indirect...........ccoeeveeuvennennn.
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ADDRA ......cccccvvenn. 380, 408, 414, 419

ADDRB.......covvrenn, 380, 408, 414, 419
ADDRC ..., 380, 408, 414, 419
ADDRD.........covvr.n. 380, 408, 414, 420
BARE ..o, 66, 409, 415, 420
BARH ..., 66, 409, 415, 420
BARL ..o, 66, 409, 415, 420
15151215 NI 66, 409, 415, 420
151021 D 66, 409, 415, 420
BRR ..o 309, 407, 414, 419
1)20:3 93,407, 414, 419
FENR ..o, 94, 407, 414, 419
10 (0):3 DI 91,407, 414, 419
FLMCR2.....coorvvcerreeen, 92,407, 414, 419
FLPWCR .....coovvrrrnenn. 94, 407, 414, 419
() 7N 193, 228, 404, 407,
.................................... 411,413,417, 419
[6):3: TR 193, 228, 404, 407,
.................................... 411,413,417, 419
GRC oo 193, 228, 404, 407,
.................................... 411,413,417, 419
[6):10 W 193, 228, 404, 407,
.................................... 411,414, 417,419
(6703 NI 344, 406, 413, 418
1(610): X 347, 406, 413, 418
10615):3: S 356, 406, 413, 418
1061523 S 356
10615):4 A 356, 406, 413, 418
10611 21 S 350, 406, 413, 418

MSTCRI ..o 79, 41
MSTCR2.....cccvvireinens 80, 41
PCRI..ccoviiiiiiiinn 113, 41
PCR2.....ccoviviiienn 117, 41
PCR3....ooviiiiiiin 120, 41
PCRS...coooviiiin 125, 41
PCRO6.....ccovveiien 129, 41
PCR7...cooovviiiiinn 134, 41
PCRS.....ccoviiiiin 138, 411
PCRO.....ccovviiin, 142, 41
PDRI....cccoiiiiiinnn 113, 40
PDR2.....ccoovviiin 117, 40
PDR3.....ccoiiiiiiin 121, 40
PDRS....oooiiiiiiin 125, 40
PDRG.......cccvviinen 130, 40
PDR7...ccovviiiiiiinnn 135, 40
PDRS....cccoiiiie 138, 40
PDRO.....ccooiiii 142, 40
PDRB......ccorieie 145, 40
PMRI ..o 112, 40
PMR3 ... 118, 41
PMRS ... 124, 40
POCR.....cocvvierennn. 235, 40:
PUCRI ....cocveiirenenn 114, 40
PUCRS ..o 126, 40
PWCR....ccocoviirnn 296, 40
PWDRL ... 297, 40
PWDRU........cccccee 297, 40
RDR ... 303, 40!
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SMR...oooeeeeeeeeeeeen, 304, 407, 414, 419 S
SSR i 307,408, 414, 419 Sample-and-hold circuit.................
SYSCRl """""""""""" 76’ 410’ 416’ 421 Scan mode ......................................
SYSCR2 ..o, 77,410, 416, 421 Serial communication interface 3
TCBI ..o 163, 406, 413,418 (6@ ) T
TCONT e, 192, 228, 404, 407, Shift iNStructions ...........oeeeeeveeeee...
..................................... 411,413,417,419 Single mode ........oo.ovvevvereerernenane.
TCNTV oo, 167, 407, 414, 419 Slave address ...o.eeeeeeevererrereennn
TCORA ..o 168,407, 414, 419 Sleep mode.......c.cocevererereeneenicnnens
TCORB....ooeeoeeeeenn, 168, 407, 414, 419 SOftware protection.......................
TCR .cooveiieiieeeeeee 229,404,411, 417 Stack pointer (SP) .......oooovvrvvrenane.
TCRVO .o, 169, 407, 414, 419 Stack SEALUS «.veveeeeeeeeeeeeeeeeeeeereens
TCRVI ..o, 172,407, 414, 419 Standby mode .........ccccoevrevrerrnnnnn.
TCRW oo, 186, 407, 413, 419 Start cONdition.........ovevevevereeereeeenn
TCSRV ... 170, 407, 414, 419 Stop condition ............cccoevverreenen.
TCSRWD ..o, 290, 408, 415, 420 Subactive Mmode.........coevevrereenn
TCWD oo, 292, 408, 415, 420 Subclock ZeNerator ..............vvvvvo..
TDR oo, 304, 408, 414, 419 Subsleep MOde ...
TECR oo 223,405,412, 418 Synchronous operation..................
TIER ..o, 234,404,411, 417 System clock generator..................
TIERW .o, 187, 407, 413, 419 System control instructions............
TIORO....eoeeeeeeere, 189, 407, 413, 419
TIORT e, 191, 407, 413, 419
TIORA oo, 230, 404, 411, 417 T
TIORC .o, 231,404, 411, 417 .
Timer Bl ..oooooiiiieeeeel

TLB1 oo, 163, 406, 413, 418 Ti

IMET V.,
TMBI oo, 162, 406, 413, 418 Ti

IMET Wi,
TMDR ..o, 221, 405,412, 418 i

TMET Zo oo
TMRW ..o, 185, 407, 413, 419

Transfer rate.....cooeeeeeeeeeeeeeeeeeeeen.
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