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

(1) artificial life support devices or systems

(2) surgical implantations

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

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchase
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless F
Technology Corp., its affiliated companies and their officers, directors, and employees against any and
damages arising out of such applications.
You should use the products described herein within the range specified by Renesas, especially with r
to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfun
damages arising out of the use of Renesas products beyond such specified ranges.
Although Renesas endeavors to improve the quality and reliability of its products, IC products have spe
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physical in|
injury or damage caused by fire in the event of the failure of a Renesas product, such as safety design
hardware and software including but not limited to redundancy, fire control and malfunction prevention,
appropriate treatment for aging degradation or any other applicable measures. Among others, since tf
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final prod
system manufactured by you.
In case Renesas products listed in this document are detached from the products to which the Renesa
products are attached or affixed, the risk of accident such as swallowing by infants and small children i
high. You should implement safety measures so that Renesas products may not be easily detached frc
products. Renesas shall have no liability for damages arising out of such detachment.
This document may not be reproduced or duplicated, in any form, in whole or in part, without prior writ
approval from Renesas.
Please contact a Renesas sales office if you have any questions regarding the information contained ir
document, Renesas semiconductor products, or if you have any other inquiries.
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are in 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 is first supplied, the product's state is undefined.
The states of internal circuits are undefined until full power is supplied throughot
chip and a low level is input 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 while it is in th
undefined state. For those products which have a reset function, reset the LSI im1
after the power supply has been turned on.

4. Prohibition of Access to Undefined or Reserved Addresses

Note: Access to undefined or reserved addresses is prohibited.
The undefined or reserved addresses may be used to expand functions, or test 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 Sep. 10, 2007 Page iv of xxxii
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* CPU and System-Control Modules
*  On-Chip Peripheral Modules

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

i) Feature

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

v) Usage Note

When designing an application system that includes this LSI, take notes into account. E:
includes notes in relation to the descriptions given, and usage notes are given, as require
final part of each section.

7. List of Registers

8. Electrical Characteristics

9. Appendix

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

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

11. Index

Rev. 3.00 Sep. 10, 2007 P«
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Objective: This manual was written to explain the hardware functions and electrical
characteristics of the H8/36079 Group and H8/36077 Group to the target
Refer to the H8/300H Series Software Manual for a detailed description ¢
instruction set.

Notes on reading this manual:

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

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 is the register name and N is the cha
number)

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

Rev. 3.00 Sep. 10, 2007 Page vi of xxxii
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. The following areas must on no account be accessed.

H8/36079 Group: HFFF780 to HFFFB7F

H8/36077 Group: HF780 to HFB7F

. In usage with the E7or E8, address breaks can be set as either available to the user o
by the E7 or ES8. If address breaks are set as being used by the E7, the address break
registers must not be accessed.

. In usage with the E7 or E8, NMI is an input/output pin (open-drain in output mode),
P87 are input pins, and P86 is an output pin.

. Use channel 1 of the SCI3 (P21/RXD, P22/TXD) in on-board programming mode b
mode.

. In usage with the E7or ES8, the power supply voltage for H8/36079 Group products r
greater than the reset detection voltage of the low voltage detection circuit.

Related Manuals:  The latest versions of all related manuals are available from our we

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

Rev. 3.00 Sep. 10, 2007 Pa
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A TVERAL TRARAT

H8S, H8/300 Series Simulator/Debugger User's Manual REJ10BO:
H8S, H8/300 Series High-Performance Embedded Workshop 3, Tutorial REJ10BO!
H8S, H8/300 Series High-Performance Embedded Workshop 3, User's REJ10BO!
Manual

Application notes:

Document Title Documen
H8S, H8/300 Series C/C++ Compiler Package Application Note REJO5BO:
Single Power Supply F-ZTAT™ On-Board Programming REJO5BO!

All trademarks and registered trademarks are the property of their respective owners.
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— RTC (can be used as a free running counter)

— Timer B1 (8-bit timer)

— Timer V (8-bit timer)

— Timer Z (16-bit timer)

— 14-bit PWM

— Watchdog timer

— SCI (asynchronous or clock synchronous serial communication interface) x 2 ch:

— T°C bus interface (conforms to the I’C bus interface format that is advocated by P
Electronics)

— 10-bit A/D converter
— POR/LVD (power-on reset & low-voltage detection circuit)
— On-chip oscillator
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3.3-V model

H8/36074LF

HD64F36074L

e Operating voltage and maximum operating frequency

Operating Maximum
Voltage Operating
Product Classification Product Model Range Frequency
Flash memory version H8/36079 5.0-V model H8/36079GF HD64F36079G 4.5Vto55V 20.0 MHz
(F-ZTAT™ version)  Group 3.3-Vmodel H8/36079LF HDB4F36079L 3.0V103.6V 16.0 MHz
5.0-V model H8/36078GF HD64F36078G 4.5Vt055V 20.0 MHz
3.3-V model H8/36078LF HD64F36078L 3.0Vt03.6V 16.0 MHz
H8/36077 5.0-V model H8/36077GF HD64F36077G 4.5V to55V 20.0 MHz
Group 3.3V model H8/36077LF HDB4F36077L 3.0V103.6V 16.0 MHz
5.0-V model H8/36074GF HD64F36074G 4.5Vt055V 20.0 MHz
3.3-V model H8/36074LF HD64F36074L 3.0Vt03.6V 16.0 MHz
Rev. 3.00 Sep. 10, 2007 Page 2 of 528
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S.3-V.moael R3&/s60/7/7LF RADo4r360/ /7L

5.0-V model H8/36074GF HD64F36074G

3.3-V model H8/36074LF  HD64F36074L

e General I/O ports
— 1I/0O pins: 47 1/O pins, including 8 for large currents (I, =20 mA, @V, =1.5V)

— Input-only pins: 8 (also used for analog input)
e I’C bus interface (conforms to the I’C bus interface format put forward by Philips El
e Supports various power-down modes

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

e Compact package

Package Code Body Size Pin Pitch
LQFP-64 FP-64K 10.0 X 10.0 mm 0.5 mm
QFP-64 FP-64A 14.0 X 14.0 mm 0.8 mm

Rev. 3.00 Sep. 10,2007 P
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P14/IRQ0 <
P15/IRQ1/TMIB1 ~—~
P16/IRQ2 ~—~
P17/RQ3/TRGV ~—~

P20/SCK3 <~
P21/RXD <~
P22/TXD ~~

P23 <~
P24 <~

P30 <
P31 <«
P32 <—
P33 «—
P34 <—
P35 <
P36 ~—
P37 <

P57/SCL

P56/SDA ~—
P55/WKP5/ADTRG <—~
P54/WKP4 <~
P53/WKP3 <
P52/WKP2 ~—~

P51/ WKPT <~

P50/WKPQ <

Port

Port2

Port 3

Port 5

A N 1

Al

JU

Port 6

Port |7\J

U

U

~— P66/
[~ P65/
<~ P64/
<~ P63/t
<~ P62/f
[~ P61/f

I~ P60/F

Port 8

S/ I — Lt
RAM
ROM
licz
—\
L/
RTC SCI3
1
|_|_|<__I:I: 14-bit PWM SCI3_2
T T
! Watchdog
Timer Z
I !
timer
p— Timer V Timer B1
A/D converter POR&LVD
A |
— [ANA
Data bus (upper)
AN [N
Address bus
| Ppoc ||| Port B |
TT L ITIITTT]
55 $gzggssgez
a9 SISl
9% goggsges
8 o coaoooazZ
) N
&}
2 M o
o o o
1)
o

~— P76/
[+ P75/
<~ P74/
<~ P72/1
<~ P71/
[+ P70/S

~— P87
~— P86
[~ P85

Figurel1.1 Block Diagram of H8/36079 Group and H8/36077 Group
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P16/IRQ2
P17/IRQ3/TRGV
P33

P32

P31

P30
PB3/AN3
PB2/AN2
PB1/AN1
PBO/ANO
PB4/AN4
PB5/AN5

[] 53 28]
] 54 27 ]
55 26
E 5 H8/36079 Group 25§

5
H8/36077 Group
] 57 ) 24
Top View
[] 58 23]
] 59 22
] 60 21
] 61 20
] 62 1917
] 63 18]
] 64 1713
\ 1 2 34 56 7 8 9 10 11 12 13 14 15 16
A D 9O N~ S EF ® - - Ol < W0
FEz  SkE@sggsgges
e = FoxX0 B2
z z 38 S =
< < 2 0O [TolYe)
3 = g o o o
o o 2
oo 3
o
o

P74/TMRIV
P57/SCL
P56/SDA
P12
P11/PWM
P10/TMOW
P55/WKP5/,
P54/WKP4
P53/WKP3
P52/WKP2
P37

P36

Figure 1.2 Pin Arrangement of H8/36079 Group and H8/36077 Group
(FP-64K, FP-64A)
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AV, 3 Input Analog power supply pin for the A/D cc
When the A/D converter is not used, cc
this pin to the system power supply.
Vo 6 Input See section 20, Power Supply Circuit, |
typical connection.
Clock pins  OSC1 11 Input These pins connect with crystal or cere
0SC2/ 10 Output resonator for the system clock, or can
to input an external clock. When the or
CLKOUT
oscillator is used, the system clock can
output on OSC2 pin.
See section 5, Clock Pulse Generator,
typical connection.
X1 Input These pins connect with a 32.768 kHz
X2 Output resonator for the subclock. See section
Pulse Generator, for a typical connecti
System RES 7 Input Reset pin. The pull-up resistor (typ. 15
control incorporated. When driven low, this LS
TEST 8 Input Test pin. Connect this pin to Vss.
Interrupt NMI 35 Input Non-maskable interrupt request input ¢
pins sure to pull up by a resistor.
IRQOto 51to54 Input External interrupt request input pins. C
IRQ3 the rising or falling edge.
WKPOto 13, 14, Input External interrupt request input pins. C
WKP5 19 to 22 the rising or falling edge.
RTC TMOW 23 Output  This is an output pin for a divided clock
Timer B1 TMIB1 52 Input External event input pin
Rev. 3.00 Sep. 10, 2007 Page 6 of 528
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FTIOBO 34 I/0 Output compare output/input capture
input/PWM output pin
FTIOCO 33 /10 Qutput compare output/input capture
input/PWM sync output pin (at a res
complementary PWM mode)
FTIODO 32 /10 Qutput compare output/input capture
input/PWM output pin
FTIOA1 37 1/0 Output compare output/input capture
input/PWM output pin (at a reset,
complementary PWM mode)
FTIOB1to 38to40 I/O Output compare output/input capture
FTIOD1 input/PWM output pin
14-bit PWM PWM 24 Output 14-bit PWM square wave output pin
I’C bus SDA 26 I/0 I’C data I/O pin. Can directly drive a
interface 2 NMOS open-drain output. When usi
(lnca) external pull-up resistor is required.
SCL 27 /10 I?C clock I/0 pin. Can directly drive ¢
NMOS open-drain output. When usil
external pull-up resistor is required.
Serial com- TXD, 46, 50 Output Transmit data output pin
munication TXD_2
interface 3 RXD, 45, 49 Input Receive data input pin
(SCI3) RXD_2
SCKS, 44, 48 I/0 Clock 1/0 pin
SCK3_2

Rev. 3.00 Sep. 10,2007 P
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P17 to P14, 54 to 51, I/0 7-bit /O port
P12to P10 25to023

P24 to P20 31,47 to 44 1/0 5-bit I/O port
P37 to P30 18to 15, I/0 8-bit I/O port
55 to 58
P57 to P50 27, 26 I/0 8-bit I/O port
221019
14,13
P67 to P60 40 to 37 I/0 8-bit I/O port
32 to 34, 36
P76 to P74, 30 to 28, I/0 6-bit I/O port
P72 to P70 50to 48
P87 to P85 43 to 41 I/0 3-bit I/O port
Low-voltage ExtU, ExtD 2,1 Input This pin is used to externally input the
detection detection voltage for the low-voltage ¢
circuit circuit.
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— 32-bit transfer and arithmetic and logic instructions are added
— Signed multiply and divide instructions are added.
e General-register architecture

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

e Sixty-two basic instructions
— 8/16/32-bit data transfer and arithmetic and logic instructions
— Multiply and divide instructions
— Powerful bit-manipulation instructions
e 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 @—ERn]
— Absolute address [@aa:8, @aa:16, @aa:24]
— Immediate [#xx:8, #xx:16, or #xx:32]
— Program-counter relative [@(d:8,PC) or @(d:16,PC)]
— Memory indirect [@ @aa:8]
e Address space
— H8/36079 Group: 16 Mbytes
— H8/36077 Group: 64 Kbytes

CPU30H2C_000120030300 Rev. 3.00 Sep. 10, 2007 P
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e Power-down state

— Transition to power-down state by SLEEP instruction

Rev. 3.00 Sep. 10,2007 Page 10 of 528
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H'0O1EFFF
H'01F000

H'01FFFF

H'FFE000

HFFEFFF

HFFF700
HFFF77F
HFFF780

HFFFB7F
HFFFB80

HFFFF7F
HFFFF80

HFFFFFF

On-chip ROM
(128 kbytes)

On-chip emulator
firmware area
(4 kbytes)

Not used

On-chip RAM
(4 kbytes)

' Not used

Internal I/O register

(1-kbyte working area
for flash memory
programming)

_ On-chip RAM _
(2 kbytes)

(1-kbyte user area)

Internal I/O register

On-chip ROM
(96 kbytes)
H'017FFF
' '
' '
H Not used H
H'FFE000
On-chip RAM
(4 kbytes)
H'FFEFFF|
H Not used H
H'FFF700 X
HFFF77F Internal I/O register
H'FFF780 | (1-kbyte working area
for flash memory
programming)
H'FFFB7F| _ _ On-chip RAM _ _ |
H'FFFB80 (2 kbytes)
(1-kbyte user area)
H'FFFF7F|
H'FFFF80
Internal I/O register
H'FFFFFF

HCFFF
H'D000

H'DFFF

H'E800

HEFFF

H'F700
HF77F
HF780

HFB7F
H'FB8O

HFF7F
H'FF80

HFFFF

On-chip ROM
(56 kbytes)
H'7FFF
'
'
'
H
--------------- P
On-chip emulator N
firmware area .
(4 kbytes) H
s '
' ' '
H Not used H H
H : H
H'E800
On-chip RAM On-
(2 kbytes) (2
H'EFFF
' Not used H H N
! H'F700
Internal I/O register HE77F Interne
(1-kbyte working area H'F780 |(1-kbyte
for flash memory for fla
programming) prog
| __ On-chip RAM__ _ | HFB7F| __ On
(2 kbytes) H'FB80 (2
(1-kbyte user area) (1-kby
H'FF7F
H'FF80
Internal I/O register Intern:
H'FFFF

Figure2.1 Memory Map
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ER3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 E7 (SP) R7H R7L

Control Registers (CR)
23 0
PC | |

76543210

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

[Legend]

SP: Stack pointer H: Half-carry flag

PC: Program counter U: User bit

CCR: Condition-code register N: Negative flag

I: Interrupt mask bit Z: Zero flag

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

Figure2.2 CPU Registers

Rev. 3.00 Sep. 10, 2007 Page 12 of 528
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The R registers are divided into 8-bit registers designated by the letters RH (ROH to R7I
(ROL to R7L). These registers are functionally equivalent, providing a maximum of sixt
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)

Figure 2.3 Usage of General Registers

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

Rev. 3.00 Sep. 10, 2007 Pa
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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. Th
of all CPU instructions is 2 bytes (one word), so the least significant PC bit is ignored. (V
instruction is fetched, the least significant PC bit is regarded as 0). The PC is initialized v
start address is loaded by the vector address generated during reset exception-handling se

223 Condition-Code Register (CCR)

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

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

For the action of each instruction on the flag bits, see appendix A.1, Instruction List.
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yviivil uiv 7mMivw.J, MW 7nJ, VVLJ.J, VUYL

or NEG.B instruction is executed, this flag is ¢
there is a carry or borrow at bit 3, and clearec
otherwise. When the ADD.W, SUB.W, CMP.\V
NEG.W instruction is executed, the H flag is «
there is a carry or borrow at bit 11, and cleare
otherwise. When the ADD.L, SUB.L, CMP.L,

instruction is executed, the H flag is set to 1 i
carry or borrow at bit 27, and cleared to 0 oth

Undefined

R/W

User Bit

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

Undefined

R/W

Negative Flag

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

Undefined

R/W

Zero Flag

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

Undefined

R/W

Overflow Flag

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

Undefined

R/W

Carry Flag

Set to 1 when a carry occurs, and cleared to |
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 accumulat
manipulation instructions.
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Data Type General Register Data Format

7 0
R H T T T T T T ™ -~ -~-----" . ----------I
1-bit data " 7565554535251i°|_____P_°_”_t_°_a_"_9_____,:
___________________ 7 0
! . R
1-bit data RnL i Dontcare |7i6isiaisi2l1i0
7 43 o i
4-bit BCD data RnH | Upper | Lower | Don't care !
___________________ 7 43 0
4-bit BCD data RnL Don't care | Upper | Lower |
7 o
Byte data RnH T R T R | Don't care '
MSB Lss 7
___________________ 7 0
Byte data RnL E Don't care | T T T R
"""""""""" MSB LSB

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

RENESAS
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Data Type

1-bit data

Byte data

Word data

Longword data

Address

Address L

Address L

Address 2M
Address 2M+1

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

Address 2N+3

7

Data Format

0

7 6 |5]a]3]2]1]0

LSB

MSB,  ©

B
s
MSB:

\LSB|

/\/

Figure2.6 Memory Data Formats
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Rs General register (source)*

Rn General register*

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

(EAs) Source operand

CCR Condition-code register

N N (negative) flag in CCR

Z Z (zero) flag in CCR

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

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

x Multiplication

+ Division

A Logical AND

v Logical OR

@ Logical XOR

- Move

~ NOT (logical complement)
:3/:8/:16/:24 3-, 8-, 16-, or 24-bit length
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MOVIPE B Rs — (EAS)
Cannot be used in this LSI.
POP WI/L @SP+ — Rn
Pops a general register from the stack. POP.W Rn is identical t
MOV.W @SP+, Rn. POP.L ERn is identical to MOV.L @SP+, E
PUSH WI/L Rn —» @-SP

Pushes a general register onto the stack. PUSH.W Rn is identi
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
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DEC Increments or decrements a general register by 1 or 2. (Byte c
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-b

DAA B Rd (decimal adjust) - Rd

DAS Decimal-adjusts an addition or subtraction result in a general |
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 regist
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 register:
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: e
bits + 8 bits — 8-bit quotient and 8-bit remainder or 32 bits + 1
16-bit quotient and 16-bit remainder.

Note: * Refers to the operand size.
B: Byte
W: Word
L: Longword
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Takes the two's complement (arithmetic complement) of data ir
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 WI/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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B~ I

NOT

B/W/L

~(Rd) — (Rd)
Takes the one's complement (logical complement) of general
contents.

Note: * Refers to the operand size.

B: Byte
W: Word
L: Longword
Table25  Shift Instructions
Instruction Size* Function
SHAL B/W/L  Rd (shift) > Rd
SHAR Performs an arithmetic shift on general register contents.
SHLL B/W/L  Rd (shift) -> Rd
SHLR Performs a logical shift on general register contents.
ROTL B/W/L  Rd (rotate) - Rd
ROTR Rotates general register contents.
ROTXL B/W/L  Rd (rotate) - Rd
ROTXR Rotates general register contents through the carry flag.
Note: * Refers to the operand size.
B: Byte
W: Word
L: Longword

Rev. 3.00 Sep. 10, 2007 Pa
RENESAS REJOS



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

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

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

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

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

ORs the carry flag with the inverse of a specified bit in a genere
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

carry flag.

~(<bit-No.> of <EAd>) —» C

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

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

BST

BIST

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

~C — (<bit-No.> of <EAd>)

Transfers the inverse of the carry flag value to a specified bit i
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
(high or same)

BCS(BLO) Carry set (low) C=1
BNE Not equal Z=0
BEQ Equal Z=1
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NeV=0
BLT Less than NeV=
BGT Greater than ZviIN®eV)=0
BLE Less or equal Zv(N® V) =1
JMP — Branches unconditionally to a specified address.
BSR — Branches to a subroutine at a specified address.
JSR — Branches to a subroutine at a specified address.
RTS — Returns from a subroutine
Note: * Bcc is the general name for conditional branch instructions.
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code register size is one byte, but in transfer to memory, data
by word access.

ANDC B CCR A #IMM — CCR

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

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

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

Only increments the program counter.

Note: * Refers to the operand size.
B: Byte
W: Word
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else next;

Transfers a data block. Starting from the address set in ERS5, tr
data for the number of bytes set in R4L or R4 to the address lo
in ER6.

Execution of the next instruction begins as soon as the transfer
completed.
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Some instructions have two operation fields.

Register Field

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

Effective Address Extension

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

Condition Field

Specifies the branching condition of Bcc instructions.

(1) Operation field only

op

NOP, RTS, etc.

(2) Operation field and register fields

op

ADD.B Rn, Rm, etc.

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

op

rn rm

EA(disp)

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

(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 a bit number in the operand.

Table2.10 Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERN
3 Register indirect with displacement @(d:16,ERn)/@(d:24,ERn)
4 Register indirect with post-increment @ERN+
Register indirect with pre-decrement @-ERn

Absolute address

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

Immediate

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

Program-counter relative

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

0| N[O O

Memory indirect

@ @aa:8

(1) Register Direct—Rn

The register 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-bit registers. ERO to ER7 can be specified as 32-bit registers.
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(a) Register indirect with post-increment—@ERN+

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

(b) Register indirect with pre-decrement—@-ERn

The value 1, 2, or 4 is subtracted from an address register (ERn) specified by the reg
in the instruction code, and the lower 24 bits of the result is the address of a memory
The result is also 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 registe:
should be even.

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

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

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

Table 2.11 shows the access ranges of absolute addresses according to the modes of ope
each product group.
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LHC 15U ucC UL CoHtalils o-UILt \mmAA.0 ), 1U-UIL \TTAA. 1D ), Ul DL=-UIL (TTAA.J L) 1HH1HHIICULALC Udld

operand.

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

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

This mode is used in the BSR instruction. An 8-bit or 16-bit displacement contained in 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.

(8) Memory Indirect—@@aa: 8

This mode can be used by the JMP and JSR instructions. The instruction code contains ar
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
address range is 0 to 255 (H'0000 to H'OOFF).

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

Table 2.12 indicates how effective addresses are calculated in each addressing mode. Fc
operation in normal mode, the upper 8 bits of the effective address are ignored in order |
a 16-bit effective address. For operation in advanced mode, the 24-bit result of effective
calculation is generated as the address.
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31 0
Sign extension | disp
4 Register indirect with post-increment or
pre-decrement 31
*Register indirect with post-increment @ ERn+ [
[
Lo [ ] ]
*Register indirect with pre-decrement @-ERn 31

The value to be added or subtracted is 1 when the
operand is byte size, 2 for word size, and 4 for
longword size.
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F L —
abs
6 Immediate
#XX:B/HXX: 16/#xx:32 Operand is immediate data.
op IMM
7 | Program-counter relative 23 0
@(d:8,PC) @(d:16,PC) | PC contents h
op disp
23
8 Memory indirect @ @aa:8
‘ B !
| op [ abs | H0000 | abs |
23 16 15
—{ " |
[Legend]
r, rm,rn : Register field
op: Operation field
disp : Displacement
IMM : Immediate data
abs : Absolute address
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o Bus cycle o

-¢ Lo

<— T, state —a— T, state —>

@ Oor gsus

S

Internal address bus X Address

Internal read signal

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

PLH

Internal write signal

Write data )—

Internal data bus
(write access)

Figure2.9 On-Chip Memory Access Cycle
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module.

Bus cycle

<— T, state - T, state - T; state ——

¢ or dsus

Internal

address bus Address X

Internal
read signal

Internal - - .
data bus :)—( Read data )—

(read access)

Internal \ /—
write signal : : :
Internal .
data bus Write data )—

Wl’lte access

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

Program
execution state

Active

(high speed) mode

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

ive program

clock

Subactive mode

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

modes

functions are stopped
to conserve power

— Program halt state Sleep mode
A state in which some
or all of the chip Standby mode

Subsleep mode

Exception-
handling state

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

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

2.8.2 EEPMOV Instruction

EEPMOV is a block-transfer instruction and transfers the number of bytes indicated by
starting at the address indicated by R5 to the address indicated by R6. In products for nc
mode operation, set R4L and R6 so that the final address at the destination for transfer (
R6 + R4L) does not exceed HFFFF (the value of R6 must not change from H'FFFF to F
during execution). In products for advanced-mode operation, set R4L and R6 so that the
address at the destination for transfer (value of R6 + R4L) does not exceed H'FFFFFF (t
of R6 must not change from H'FFFFFF to H'000000 during execution).

Rev. 3.00 Sep. 10, 2007 Pa
RENESAS REJOS



Example 1: Bit manipulation for thetimer load register and timer counter
(Applicablefor timer B1in the H8/36079 Group and H8/36077 Group.)

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

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

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

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

Read
Count clock —— Timer counter
Reload
Write
Timer load register

Internal data bus

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

e BSET instruction executed instruction

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

o After executing BSET instruction

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

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

e Description on operation

1. When the BSET instruction is executed, first the CPU reads port 5.
Since P57 and P56 are input pins, the CPU reads the pin states (low-level and high-1
input).
P55 to P50 are output pins, so the CPU reads the value in PDRS. In this example PD
value of H'80, but the value read by the CPU is H'40.

2. Next, the CPU sets bit O of the read data to 1, changing the PDRS5 data to H'41.
3. Finally, the CPU writes H'41 to PDRS5, completing execution of BSET instruction.
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P/ Po0 Poo Po4 Poo PoZ Pol

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).

e After executing BSET instruction

MOV .B @RAMO, ROL The work area (RAMO) value is written to PDRS5.
MOV.B ROL, @PDR5

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

level level level level level level level
PCR5 0 0 1 1 1 1 1
PDR5 1 0 0 0 0 0 0
RAMO 1 0 0 0 0 0 0
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Inpuvoutput Input Input outiput  Lutput  Lutput  Output  Lutput
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

BCLR instruction executed

BCLR #0, @PCR5

After executing BCLR instruction

The BCLR instruction is executed for PCRS.

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

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

e Description on operation

1. When the BCLR instruction is executed, first the CPU reads PCRS5. Since PCR5 is a
register, the CPU reads a value of H'FF, even though the PCRS5 value is actually H'3

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

3. Finally, HFE is written to PCRS and BCLR instruction execution ends.

As a result of this operation, bit 0 in PCRS becomes 0, making P50 an input port. Hc
bits 7 and 6 in PCRS5 change to 1, so that P57 and P56 change from input pins to out
To prevent this problem, store a copy of the PDRS5 data in a work area in memory ar
manipulate data of the bit in the work area, then write this data to PDRS.

RENESAS
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PDR5 1 0 0 0 0 0 0
RAMO 0 0 1 1 1

e BCLR instruction executed

BCLR #0, @RAMO The BCLR instructions executed for the PCRS wc
(RAMO).

e After executing BCLR instruction

MOV .B @RAMO, ROL The work area (RAMO) value is written to PCRS5.
MOV.B ROL, @PCR5

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

level level level level level level level
PCR5 0 0 1 1 1 1 1
PDR5 1 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1
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Exception handling starts when a trap instruction (TRAPA) is executed. The TRAP/
instruction generates a vector address corresponding to a vector number from O to 3,
specified in the instruction code. Exception handling can be executed at all times in
program execution state, regardless of the setting of the I bit in CCR.

Interrupts

External interrupts other than NMI and internal interrupts other than address break a
by the I bit in CCR, and kept masked while the I bit is set to 1. Exception handling s
the current instruction or exception handling ends, if an interrupt request has been is
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Reserved for system use 11to 6

H'0002 to H'000D

H'000004 to H'00001B

External interrupt
pin

H'000E to H'000F

H'00001C to H'00001F

CPU

H'0010 to H'0011

H'000020 to H'000023

H'0012 to H'0013

H'000024 to H'000027

H'0014 to H'0015

H'000028 to H'00002B

NMI 7
Trap instruction #0 8
Trap instruction #1 9
Trap instruction #2 10
Trap instruction #3 11

H'0016 to H'0017

H'00002C to H'00002F

Address break

Break conditions satisfied 12

H'0018 to H'0019

H'000030 to H'000033

CPU

H'001A to H'001B

H'000034 to H'000037

External interrupt
pin

H'001C to H'001D

H'000038 to H'00003B

H'001E to H'001F

H'00003C to H'00003F

H'0020 to H'0021

H'000040 to H'000043

H'0022 to H'0023

H'000044 to H'000047

H'0024 to H'0025

H'000048 to H'00004B

RTC

Direct transition by 13
executing the SLEEP
instruction

IRQO 14
Low-voltage detection
interrupt

IRQ1 15
IRQ2 16
IRQ3 17
WKP 18
Overflow 19

H'0026 to H'0027

H'00004C to H'0004F
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lIc2

Transmit data empty
Transmit end

Receive data full
Arbitration lost/Overrun
error

NACK detection

Stop conditions detected

24

H'0030 to H'0031

H'000060 to H'00006

A/D converter

A/D conversion end

25

H'0032 to H'0033

H'000064 to H'00006

Timer Z

Compare match/input
capture AO to DO
Timer Z overflow

H'0034 to H'0035

H'000068 to H'00006

Compare match/input
capture A1 to D1
Timer Z overflow
Timer Z underflow

H'0036 to H'0037

H'00006C to H'0000¢€

Reserved for system use

28

H'0038 to H'0039

H'000070 to H'00007

Timer B1

Timer B1 overflow

29

H'003A to H'003B

H'000074 to H'00007

Reserved for system use

30, 31

H'003C to H'003F

H'000078 to H'00007

SCI3_2

Receive data full
Transmit data empty
Transmit end
Receive error

32

H'0040 to H'0041

H'000080 to H'00008

Reserved for system use

33

H'0042 to H'0043

H'000084 to H'00008

Clock source
switching

Clock source switching
(from external clock to
on-chip oscillator)

34

H'0044 to H'0045

H'000088 to H'00008

Note: * A low-voltage detection interrupt is enabled only in the product with an on-chi
on reset and low-voltage detection circuit.
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o Wakeup interrupt flag register IWPR)

321 Interrupt Edge Select Register 1 (IEGR1)

IEGRI selects the direction of an edge that generates interrupt requests of pins NMI and
IRQO.

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

0: Falling edge of IRQ3 pin input is detected

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

0: Falling edge of IRQ2 pin input is detected

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

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

1: Rising edge of IRQO pin input is detected
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1: Rising edge of WKP5(ADTRG) pin input is d

WPEG4 0 R/W WKP4 Edge Select
0: Falling edge of WKP4 pin input is detected

1: Rising edge of WKP4 pin input is detected

WPEG3 O R/W  WKP3 Edge Select
0: Falling edge of WKP3 pin input is detected

1: Rising edge of WKP3 pin input is detected

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

1: Rising edge of WKP2 pin input is detected

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

WPEGO O 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 the
WKP5 to WKPO. When the bit is set to 1, interru
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 the
are enabled.

2 IEN2 0 R/W IRQ2 Interrupt Enable

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

1 IEN1 0 R/W IRQ1 Interrupt Enable

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

0 IENO 0 R/W IRQO Interrupt Enable

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

When disabling interrupts by clearing bits in an interrupt enable register, or when clearin
an interrupt flag register, always do so while interrupts are masked (I = 1). If the above c]
operations are performed while I = 0, and as a result a conflict arises between the clear in
and an interrupt request, exception handling for the interrupt will be executed after the cl
instruction has been executed.
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4t00 — All 1 — Reserved
These bits are always read as 1.

When disabling interrupts by clearing bits in an interrupt enable register, or when cleari
an interrupt flag register, always do so while interrupts are masked (I = 1). If the above «
operations are performed while I = 0, and as a result 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.

325 Interrupt Flag Register 1 (IRR1)

IRR1 is a status flag register for direct transition interrupts, RTC interrupts, and IRQ3 tc
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 input :
designated signal edge is detected.

[Clearing condition]
When IRRI3 is cleared by writing 0

2 IRRI2 0 R/W

IRQ2 Interrupt Request Flag
[Setting condition]

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

[Clearing condition]
When IRRI2 is cleared by writing 0

1 IRRI1 0 R/W

IRQ1 Interrupt Request Flag
[Setting condition]

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

[Clearing condition]
When IRRI1 is cleared by writing 0

0 IRRIO 0 R/W

IRQO Interrupt Request Flag
[Setting condition]

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

[Clearing condition]
When IRRIO is cleared by writing 0
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When the timer B1 counter value overflows

[Clearing condition]

When IRRTB1 is cleared by writing O
4t00 — All 1 — Reserved

These bits are always read as 1.

3.2.7 Wakeup Interrupt Flag Register (IWPR)

IWPR is a status flag register for WKP5 to WKPO interrupt requests.

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

[Setting condition]

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

[Clearing condition]

When IWPFS5 is cleared by writing 0.
4 IWPF4 0 R/W WKP4 Interrupt Request Flag

[Setting condition]

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

[Clearing condition]
When IWPF4 is cleared by writing O.
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When WKP2 pin is designated for interrupt input
designated signal edge is detected.

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

1 IWPF1 0 R/W

WKP1 Interrupt Request Flag
[Setting condition]

When WKP1 pin is designated for interrupt input
designated signal edge is detected.

[Clearing condition]
When IWPF1 is cleared by writing 0.

0 IWPFO 0 R/W

WKPO Interrupt Request Flag
[Setting condition]

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

[Clearing condition]
When IWPFOQ is cleared by writing 0.
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The reset exception handling sequence is as follows:

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

2. The CPU generates a reset exception handling vector address, the data in that addres
the program counter (PC) as the start address, and program execution starts from tha
The reset exception handling vector address is H'0000 to H'0001 for normal mode o;
and H'000000 to H'000003 in advanced mode operation.
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bit value in CCR.
IRQ3to IRQO Interrupts

IRQ3 to IRQO interrupts are requested by input signals to pins IRQ3 to IRQO. These 1
interrupts are given different vector addresses, and are detected individually by either
edge sensing or falling edge sensing, depending on the settings of bits IEG3 to IEGO i
When pins IRQ3 to IRQO are designated for interrupt input in PMR1 and the designa
edge is input, the corresponding bit in IRR1 is set to 1, requesting the CPU of an inter
These interrupts can be masked by setting bits IEN3 to IENO in IENRI.

(3) WKP5to WKPO Interrupts

WKPS5 to WKPO interrupts are requested by input signals to pins WKP5 to WKPO. Tt
interrupts have the same vector addresses, and are detected individually by either risir
sensing or falling edge sensing, depending on the settings of bits WPEG5 to WPEGO
IEGR2.

When pins WKP5 to WKPO are designated for interrupt input in PMRS5 and the desig;
signal edge is input, the corresponding bit in IWPR is set to 1, requesting the CPU of
interrupt. These interrupts can be masked by setting bit IENWP in IENRI.
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Internal data bus ' 7 . :
(16 bits) : (2) !

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

Advanced mode operation

— Reset cleared
: . . nt | Initial program ,
nterna g i
' ' ' 1 , instruction
; ; Vector fetch | processing t  prefetch |
'

Internal address bus

<

X (3) X 6 X

Internal read signal

|

Internal write signal

Internal data bus
(16 bits)

— @ = @ )

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

(5) Start address

(6) Initial program instruction

Figure3.1 Reset Sequence
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343 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 req
signal is sent to the interrupt controller.

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

The CPU accepts the NMI and address break without depending on the I bit value. Of
interrupt requests are accepted, if the I bit is cleared to 0 in CCR; if the I bit is set to 1
interrupt request is held pending.

If the CPU accepts the interrupt after processing of the current instruction is complete
interrupt exception handling will begin. First, both PC and CCR are pushed onto the s
state of the stack at this time is shown in figure 3.2. The PC value pushed onto the sta
address of the first instruction to be executed upon return from interrupt handling.
Then, the I bit of CCR is set to 1, masking further interrupts excluding the NMI and a
break. Upon return from interrupt handling, the values of I bit and other bits in 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, a
transfers the address to PC as a start address of the interrupt handling-routine. Then a
starts executing from the address indicated in PC.

Figure 3.3 shows a typical interrupt sequence where the program area is in the on-chip R¢
the stack area is in the on-chip RAM.
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Advanced mode operation

/_\_/ /_\_/

SP-4 SP (R7) CCR
SP-3 SP +1 PCE
SpP-2 SP+2 PCH
SP -1 SP+3 PCL
SP(R7) L Stackarea —— SP+4 Even addr

o~ — o~

Prior to start of interrupt ~———» After completion of interrupt
exception handling PC and CCR exception handling

[Legend] saved to stack

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
2. Register contents must always be saved and restored in word units, starting from an even-numbere
* Ignored when returning from the interrupt handling routine.

Figure3.2 Stack Statusafter Exception Handling
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Instruction fetch

Internal processing

Notes: 1. Not including EEPMOQV instruction.
2. The value in parentheses is the number of states in advance mode.
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(o ){o ) (o)

Internal data
bus (16 bits)

(1) Instruction prefetch address (Instruction is not executed. (7) CCR
Address is saved as PC contents, becoming return address.)  (8) Vector address
(2), (4) Instruction code (Instruction is not executed.) 9) Start address of interrupt handling routine (contents of ve
(3) Instruction prefetch address (Instruction is not executed.) (10)  First instruction of interrupt handling routine.
(5) SP-2
6) SP-4

Advanced mode operation

Interrupt is accepted

Interrupt level
decision and wait
for end of instruction

Internal Prefetc
,processing  interrupt

Instruction  Internal

; Stack access Vector fetch
prefetch  processing |

A

Interrupt S
request signL/—)

hrocs bus X X @ X & X o X o X X s
:'r;taedrl?énal _l

'
Internal i
write signal !
'
| | ' | ' | ' ' :
imernal e XK @ e XK@ X} ag y< a2 —— e
H H H H H H H H H
1) Instruction prefetch address (Instruction is not executed. (6), (8) Saved PC and CCR
Address is saved as PC contents, becoming return address.)  (9), (11) Vector address
(2), (4) Instruction code (Instruction is not executed.) (10), (12) Start address of interrupt handling routine (contents o
(3) Instruction prefetch address (Instruction is not executed.) (13) Start address of interrupt handling routine ((13), (10),
(5) SP-2 (14) First instruction of interrupt handling routine.
(7) SP-4

Figure3.3 Interrupt Sequence
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0.0.2 NOLES O SlaCk Alrea Use

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

register values.

353 Noteson Rewriting Port Mode Registers

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

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

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

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

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

I Clear interrupt request flag to 0 I

I CCR | bit<- 0 I -------- Interrupt mask cleared

Figure3.4 Port Mode Register Setting and Interrupt Request Flag Clearing Pro
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I Comparator

i

BARE* . BARH ' BARL |<—>
(2]
¥ a
| ©
Interrupt | ABRKCR |‘—’ =
generation : S
o N ]
control circuit I ABRKSR |<—> bc')
<

BDRH : BDRL —

!

| Comparator

f

[Legend]

BARE*, BARH, BARL: Break address registers

BDRH, BDRL:
ABRKCR:
ABRKSR:

Break data registers
Address break control register
Address break status register

» Interrupt

Note: * Only provided for microcontrollers that support advanced mode.

Figure4.1 Block Diagram of Address Break

ABK0001A_000020020200

RENESAS
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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 after
executing RTE is masked and then one instructi
be executed. When this bit is 1, the interrupt is n
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
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1XX: Reserved (setting prohibited)

Advanced mode

000: Compares 24-bit addresses

001: Compares the higher-order 20 bits of the
010: Compares the higher-order 16 bits of the :
011: Compares the higher-order 12 bits of the
1XX: Reserved (setting prohibited)

1 DCMP1 0
0 DCMPO 0

R/W
R/W

Data Compare Condition Select 1 and 0

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

00: No data comparison

01: Compares lower 8-bit data between BDRL
bus

10: Compares upper 8-bit data between BDRH
bus

11: Compares 16-bit data between BDR and d:

[Legend] X: Don't care.
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RAM space Upper 8 bits Lower 8 bits Upper 8 bits Upper

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

I/O 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 re
enabled.

5to0 — All 1 — Reserved

These bits are always read as 1.

413  Break AddressRegisters (BARE, BARH, BARL)

Settings of the address where an address-break interrupt is to be generated are made in t
address registers (BAR: BARE*, BARH and BARL). For microcontrollers that support
mode operation, BAR is a 16-bit readable/writable register with initial value H'FFFF. Fc
microcontrollers that support advanced-mode operation, BAR is a 24-bit readable/writal
with the initial value HFFFFFF. When setting an instruction execution cycle as the adds
condition, set BAR to the address of the first byte of the instruction.

Note: * BARE is only provided for microcontrollers that support advanced-mode op
414 Break Data Registers (BDRH, BDRL)

BDRH and BDRL are 16-bit read/write registers that set the data for generating an addr
interrupt. BDRH is compared with the upper 8-bit data bus. BDRL is compared with the
bit data bus. When memory or registers are accessed by byte, the upper 8-bit data bus is
even and odd addresses in the data transmission. Therefore, comparison data must be se
for byte access. For word access, the data bus used depends on the address. See section
Address Break Control Register (ABRKCR), for details. The initial value of this registe
undefined.
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vvner e adaress preak I1s specliied In instructon executon cycie

Register setting Program
* ABRKCR = H'80 0258 NOP
* BAR = H'025A *025A NOP
025C MOV W @H'025A,R0O N
0260 NOP Underline indicates the address
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
| | | | | |

o UYL

pldress ~ X o258 Y 025A Y o025 X o25E A_SP-2_X_sp4
Interrupt | E
request +

Interrupt acceptance

Figure4.2 AddressBreak Interrupt Operation Example (1)
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¢ N I I I N I N N N N N N N N N Ny

Address:x 025C Y 025E Y 0260 Y 025A X 0262 X 0264 X sP-2

bus

Interrupt I
request

Interrupt acceptance

Figure4.2 AddressBreak Interrupt Operation Example (2)
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0SCH _E, External Duty dosc i
' clock dosc correction 9 .
0OSC2 <7 oscillator circuit o8 |
H Clock o | System | ¢/16 |} ¢
1 R select [—>| clock 1
5 a o8¢ circuit divider | 932 |
+ | On-chip |"OSC | RC clock Rosc/2 | 9rc o/64 |+ | |prescaler S
E oscillator divider Rosc/4 E (13 bits)
:L System clock generating circuitry :
! owl2
X4 ' Sut?clock [ Subclock ow/4 E osuB
Xo <—— oscillator (fw) divider ow/8
| E Prescaler W
; X (5 bits)

Subclock generating circuitry

Figure5.1 Block Diagram of Clock Pulse Generator

The system clock (¢) and subclock (¢,,,) are basic clocks on which the CPU and on-chi
peripheral modules operate. The system clock is divided into from ¢/2 to $/8192 by pre:
The subclock is divided into from ¢,,/8 to ¢,,/128 by prescaler W. These divided clocks -
supplied to respective peripheral modules.

CPG0200A_000020020200

RENESAS
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range of two frequencies shown above, it is normally unnecessary to trim the frequen
however, still possible to adjust it by rewriting the trimming registers.

Backup of the external oscillation halt

This system detects the external oscillator halt. If detected, the system clock source is
automatically switched to the on-chip oscillator clock.

Interrupt can be requested to the CPU when the system clock is switched from the ext
clock to the on-chip oscillator clock.

5.2 Register Descriptions

The CPG has the following registers.

RC control register (RCCR)

RC trimming data protect register (RCTRMDPR)
RC trimming data register (RCTRMDR)

Clock control/status register (CKCSR)
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V. 10 VIl 4

1: 20 MHz

VCLSEL

0

R/W

Power Supply Select for On-chip Oscillator
0: Selects VBGR
1: Selects VCL

When the VCL power is selected, the accuracy
chip oscillator frequency cannot be guaranteed

4102

AllO

Reserved

These bits are always read as 0.

RCPSC1
RCPSCO

1
0

R/W
R/W

Division Ratio Select for On-chip Oscillator

The division ratio of R
bit.

These bits can be written to only when the CKE
CKCSRiis 0.

0x: R, (not divided)
10: Ry /2
11: R /4

s changes right after re\
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Bits 5 and 4 can be written to when this bit is set

[Setting condition]

e When writing 0 to the WRI bit and writing 1 t
PRWE bit

[Clearing conditions]

e Reset

e When writing 0 to the WRI bit and writing O t«
PRWE bit

5 LOCKDW 0 R/W

Trimming Data Register Lock Down

The RC trimming data register (RCTRMDR) can
written to when this bit is set to 1. Once this bit i
this register cannot be written to until a reset is i
if 0 is written to this bit.

[Setting condition]

e When writing 0 to the WRI bit and writing 1 tc
LOCKDW bit while the PRWE bit is 1

[Clearing condition]
¢ Reset
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e When writing 0 to the WRI bit and writing O
TRMDRWE bit while the PRWE bit is 1

3to0 — All 1 — Reserved
These bits are always read as 1.

5.2.3 RC Trimming Data Register (RCTRMDR)

RCTRMDR stores the trimming data of the on-chip oscillator frequency (FSEL = 1, 20

Initial
Bit Bit Name Value R/W Description
7 TRMD7 (0)* R/W Trimming Data (FSEL = 1, 20 MHz)
6 TRMD6 (0)* R/W The trimming data is loaded from the flash mer
5 TRMD5 (0)* R/W register right after a reset.
4 TRMD4 (O)* R/W The On-Chip oscillator clock (FSEL = 1, 20 MHz
trimmed by changing these bits.
3 TRMD3 (0)* R/W ) )
The frequency of the on-chip oscillator clock ch
2 TRMD2 (0)* R/W right after writing these bits. These bits are initi
1 TRMD1 (0)* R/W H'00.
0 TRMDO (0)* R/W Changes in frequency are shown below (bit TR
sign bit).
(Min.) H80 «— ... « HFF « ... < H00 — ... =
— H'7F (Max.)

Note: * These values are initialized to the trimming data loaded from the flash memo
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1 0 CLKOUT 1/0

0 1 (Open)  OSC1 (extern
clock input)
1 1 0sc2 0OSCH1
5 OSCBAKE 0 R/W  External Clock Backup Enable

0: External clock backup disabled
1: External clock backup enabled

The external oscillation detecting circuit is enable
this bit is 1. When the external oscillator halt is d
while this LSI operates on the external input sign
system clock source is automatically switched to
chip oscillator regardless of the value of bit 4 in t
register.

Note: The external oscillation detecting circuit o
on the on-chip oscillator clock. When this
to 1, do not set the on-chip oscillator to th
mode by the RCSTP bit in RCCR.
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1NIS DIT 1S USEA 10 SWIICNh the on-Cnip OScClilator C
external clock. While this LSl is operating on the
oscillator clock, setting this bit to 1 switches the
clocks to the external clock.

[Setting condition]

e When 1 is written to this bit while CKSWIF =
[Clearing conditions]

e When 0 is written to this bit

e When the external oscillator halt is detected
OSCBAKE =1

CKSWIE 0 R/W  Clock Switching Interrupt Enable
Setting this bit to 1 enables the clock switching
request.

CKSWIF 0 R/W  Clock Switching Interrupt Request Flag

[Setting condition]

o When the external clock is switched to the ¢
oscillator clock as the system clock source
[Clearing condition]

o When writing O after reading as 1
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0 CKSTA 0 R LSI Operating Clock Status
0: This LSI operates on the on-chip oscillator clo

1: This LSI operates on the external clock.
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external cl

Oscillator halted
On-chip oscillator: Halted On-chip oscillator: Operate
External oscillator: Operate External oscillator: Operate
Oscillator operated

LSI operates on external oscil

Note: * Conditions for the state transition are as follows:
e When the external oscillator halt is detected while the backup function is enable
e When the external clock is switched to the on-chip oscillator clock by user softw
while the backup function is disabled

Figure5.2 State Transition of System Clock

531 Clock Control Operation

The LSI system clock is generated by the on-chip oscillator clock after a reset. The syst:
sources are switched from the on-chip oscillator to the external clock by the user softwa
5.3 shows the flowchart to switch clocks with the external clock backup function enable
5.4 and 5.5 show the flowcharts to switch clocks with the external clock backup functios
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A
| Clear CKSWIF in CKCSR t0 0 |

A

| Write 1to CKSWIE in CKCSR |  [3]

[ write 1 to OSCSEL in CKCSR | 4]

Switched to
external clock? (CKSTA in

(5]

numper or Wwadlt CyCles 101 OsCHIation setuing
Nstby, which is the number of wait cycles fc
oscillation settling when returning from star
mode, is as follows:

Nstby < Nwait < 2 x Nstby

Nstby is set by bits STS[2:0] in SYSCR1. F
details, see section 6.1.1, System Control |
1 (SYSCR1).

[5] While waiting for external oscillation settling

LSl is not halted but continues to operate o
chip oscillator clock. Read the CKSTA bit in
to ensure whether or not clocks are switche
the oscillation settles, this LS| switches the
clocks to the external clock. If the external ¢
is halted, then set the clock switching interr
request flag.

[6] If this LS| detects the external oscillator hal

switches the system clocks to the on-chip ¢
clock, and sets the clock switching interrup

CKCSRis 1) External 5
oscillator halt ! LSl operates
is detected* | _____________ on-chip oscill:
[6] Sl Exception handling
LSI operates on external clock | ----------------- P 1 for clock switching
External oscillator '

halt is detected*

Note: * To prevent the LSI from malfunctioning at the external oscillation halt, switching the clock so

with the watchdog timer is highly recommended.

Figure5.3 Flowchart of Clock Switching with Backup Function Enabled
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Nstoy < Nwalt < 2 X Nstby

Nstby is set by bits STS[2:0] in SYSCF
details, see section 6.1.1, System Con
Register 1 (SYSCR1).

Write 1 to OSCSEL in CKCSR | [2]

[3] While the system is waiting for the exte
oscillation settling, this LSI is not haltec
continues to operate on the on-chip os
clock. Read the value of the CKSTA bit
CKCSR to ensure that the system cloc
switched.

Switched to
external clock? (CKSTA in
CKCSRis 1)

|LSI operates on external oscillatorl

Figure5.4 Flowchart of Clock Switching with Backup Function Disabled |
(From On-Chip Oscillator Clock to External Clock)
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L - |

¥
Write 0 to OSCSEL in CKCSR | [1]

LSl operates on
on-chip oscillator clock

Exception handling
for clock switching

A

Write 0 to PMRCO in CKCSR 2]
if necessary

!

LSI operates on
on-chip oscillator clock

Figure5.5 Flowchart of Clock Switching with Backup Function Disabled (:
(From External Clock to On-Chip Oscillator Clock)
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OSCSEL _i

PHISTOP
(Internal signal)

CKSTA

)

1/
On-chip oscillator clock operation

o halt* External clock oper:

Wait for external
oscillation settling

Nwait
[Legend]
0OSC: External clock
oRC: On-chip oscillator clock

0: System clock

OSCSEL: Bit4in CKCSR

PHISTOP: System clock stop control signal

CKSTA:  Bit0in CKCSR

Note: * The ¢ halt duration is the duration from the timing when the ¢ clock stops to the
rising edge of the ¢pogc clock after seven clock cycles of the ¢r¢ clock have elap

Figure5.6 Timing Chart of Switching from On-Chip Oscillator Clock to Extern
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CKSTA

CKSWIF

On-chip oscilla

External RC clock operation ¢ halt* .
: - _ . _clock operatior
[Legend]
d»OSC: External clock
oRC: On-chip oscillator clock

o: System clock

OSCSEL: Bit4 in CKCSR

PHISTOP: System clock stop control signal

CKSTA:  Bit0in CKCSR

CKSWIF: Bit2in CKCSR

Note: * The ¢ halt duration is the duration from the timing when the ¢ clock stops to the
seventh rising edge of the ¢r¢ clock.

Figure5.7 Timing Chart to Switch from External Clock to On-Chip Oscillator
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roilvr
(Internal signal)

;

CKSTA ; ! :
CKSWIF ; ! ;
: 1 :
.1 dosc halt ! \ ' On-chip oscill:
External clock operatlon‘:A detected*! | _ o halt+2 ! clock operatio
: Ton : !
[Legend]
»OSC: External clock
oRC: On-chip oscillator clock

o: System clock
OSCHLT: Bit1in CKCSR
PHISTOP: System clock stop control signal
CKSTA:  Bit0in CKCSR
CKSWIF: Bit2in CKCSR
Notes: 1. 44 X ¢gc < Tenk <48 X dpe
2. The ¢ halt duration is the duration from the timing when the ¢ clock stops to the
seventh rising edge of the ¢gc clock.

Figure5.8 External Oscillation Backup Timing
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L
Setting timer Z
GRA: Input capture
GRC: Buffer of GRA

|

Set RCTRMDR to H'00

|

Input reference pulses to
pin P60/FTIOAO

| Capture 1 |

|

| Capture 2 | | Modify RCTRMDR*

|

| Frequency calculation |

Within
desired frequency
range?

No

Note: * Comparing the difference between the measured frequency and the desired frequer
individual bits of RCTRMDR are decided from the MSB bit by bit.

Figure5.9 Exampleof Trimming Flow for On-Chip Oscillator Clock
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i iCapture 1 : : Captul

Figure5.10 Timing Chart of Trimming of On-Chip Oscillator Frequenc

The on-chip oscillator frequency is gained by the expression below. Since the input-cap
is sampled by the ¢, clock, the calculated result may include a sampling error of 1 cyc
O clock.

0RC = M (MHz2)

A

oRC: Frequency of on-chip oscillator (MHz)
ta: Period of reference clock (us)
M: Timer Z counter value
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600 kQ*2

LPMx1
0OSC1

Notes: 1. LPM: Power-down mode (standby mode, subactive mode, or subsleep mode)
2. Values here are reference values.

Figure5.11 Block Diagram of External Clock Oscillator

55.1 Connecting Crystal Resonator

Figure 5.12 shows an example of connecting a crystal resonator. An AT-cut parallel-reso
crystal resonator should be used. Figure 5.13 shows the equivalent circuit of a crystal res
resonator having the characteristics given in table 5.1 should be used.

Cy
PC0/OSCH1 ﬂ_—| |_p‘r
=
Co
PC1/0SC2/CLKOUT _—L¢ '?7 Cq1 =C2=10t0 22 pF

Figure5.12 Example of Connection to Crystal Resonator
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C, (Max.) 70 pF

55.2 Connecting Ceramic Resonator

Figure 5.14 shows an example of connecting a ceramic resonator.

PCO/OSCT f‘ '_,,l,
Cs
PC1/0SC2/CLKOUT L| l?z C1=C2=51030pF

Figure5.14 Example of Connection to Ceramic Resonator

55.3 Inputting External Clock

To use the external clock, input the external clock on pin OSC1. Figure 5.15 shows an e
connection. The duty cycle of the external clock signal must range from 45 to 55%.

PC0O/OSC1 |—— External clock input

PC1/0SC2/CLKOUT [—— Open

Figure5.15 Example of External Clock Input

Rev. 3.00 Sep. 10, 2007 Pa
RENESAS REJOS



Figure5.16 Block Diagram of Subclock Oscillator

5.6.1 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 5.17. Figure 5.18 shows the equivalent circuit of the 32.768

crystal resonator.

G4
8 S
e
T 2
X2 |_7)7 Cy =C,=15pF (typ.)

Figure5.17 Typical Connection to 32.768-kHz Crystal Resonator

Ls Cs Rs
7900 { | AN
Xi<—1 —> Xo
Co
{ |
Co = 1.5 pF (typ.)
Rg = 14 kQ (typ.)

fy = 32.768 kHz

Note: Values here are reference values.

Figure5.18 Equivalent Circuit of 32.768-kHz Crystal Resonator
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Figure5.19 Pin Connection when not Using Subclock

5.7 Prescaler

57.1 Prescaler S

Prescaler S is a 13-bit counter using the system clock (¢) as its input clock. The outputs,
divided clocks, are used as internal clocks by the on-chip peripheral modules. Prescaler
initialized to H'0000 by a reset, and starts counting on exit from the reset state. In standt
and subsleep mode, the external clock oscillator stops. Prescaler S also stops and is initi
H'0000. It cannot be read from or written to by the CPU.

The outputs from prescaler S are shared by the on-chip peripheral modules. The divisior
be set separately for each on-chip peripheral module. In active mode and sleep mode, th
input to prescaler S is a system clock with the division ratio specified by bits MA2 to M
SYSCR2.

57.2 Prescaler W

Prescaler W is a 5-bit counter using a 32.768-kHz signal divided by 4 as its input clock.
divided output is used for clock time base operation of the RTC. Prescaler W is initializ
by a reset, and starts counting on exit from the reset state. Even in standby mode, subact
or subsleep mode, prescaler W continues functioning.
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5.8.2 Notes on Board Design

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

Prohibited ——  Signal A Signal B

G4
PC0/0OSC1 J_ | |_77L
T %
PC1/0SC2/CLKOUT

Figure5.20 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 ¢w/2, dpw/4, and dow/8.

e Sleep mode

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

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

The CPU and all on-chip peripheral modules halt. When the clock time-base functio
selected, the RTC is operable.

e Module standby mode

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

LPW3002A_000120030300 Rev. 3.00 Sep. 10, 2007 Pa
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SYSCRI controls the power-down modes, as well as SYSCR2.

Initial
Bit Bit Name Value R/W Description
7 SSBY 0 R/W Software Standby

This bit selects the mode to transit after the exec
the SLEEP instruction.

0: Enters sleep mode or subsleep mode.
1: Enters standby mode.
For details, see table 6.2.
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STS2 to STSO values and the wait time.

When using an external clock, set the wait time
100 ps or longer.

These bits also set the wait states for external «
stabilization when system clock is switched fror
chip oscillator clock to the external clock by use
software.

The relationship between Nwait (number of wal
oscillation stabilization) and Nstby (number of v
for recovering to the standby mode) is as follow

Nstby < Nwait < 2 x Nstby

3

NESEL

0

R/W

Noise Elimination Sampling Frequency Select

The subclock pulse generator generates the w:
signal (¢,,) and the external clock pulse generat
generates the oscillator clock (¢.). This bit sel
sampling frequency of the oscillator clock when
clock signal (¢,,) is sampled. When ¢,..= 4 to 2
clear NESEL to 0.

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

2to 0

All0

Reserved

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

1 16 states 0.00 0.00 0.00 0.00 0.00

Note: Time unit is ms.
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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 frequency
2 MAO 0 R/W and sleep modes. The operating clock frequenc
changes to the set frequency after the SLEEP i
is executed.
OXX (I)OSC
100: s/
101: ¢pe/16
110: ¢pee/32
111: /64
SA1 0 R/W Subactive Mode Clock Select 1 and 0
0 SA0 R/W These bits select the operating clock frequency

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

00: ¢,/8
01: ¢, /4
1X: ¢,/2

[Legend] X: Don't care.
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5 MSTS3

R/W

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

4 MSTAD

R/W

A/D Converter Module Standby

A/D converter enters standby mode when this bi
to1

3 MSTWD

R/W

Watchdog Timer Module Standby

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

Reserved
This bit is always read as 0.

1 MSTTV

R/W

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

0 MSTTA

R/W

RTC Module Standby
RTC enters standby mode when this bit is set to
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4 MSTTB1 O R/W Timer B1 Module Standby

Timer B1 enters standby mode when this bit is
3,2 — AllO — Reserved

These bits are always read as 0.
1 MSTTZ 0 R/W Timer Z Module Standby

Timer Z enters standby mode when this bit is s
0 MSTPWM 0 R/W PWM Module Standby

PWM enters standby mode when this bit is set
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Reset state

Program halt state

Program execution state Direct transition Program halt st

' E interrupt '

i \ SLEEP SLEEP .

, , instruction instruction «

i Standby mode ! Active mode i Sleep mode

\ i Interrupt , Interrupt !

: i : \

E . A .

: ' Direct Direct Interrupt;

! ! transition transition '

! ! interrupt interrupt !

: SLEEP '

, instruction ,

: SLEEP ! ntermiot\!

! ! instruction nterrup ’

' | Y : '

: : N SLEEP | —

, 1 : instruction g

E , Subactive - i Subsleep mode

I ' mode < :

| ' i Interrupt |

' : —

E ____________________ 1 I N Direct transition : ________________
interrupt

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

Figure6.1 Mode Transition Diagram
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1 X 0*

Active mode —
(direct transition)
X X Subactive mode —
(direct transition)
X: Don't care.

Note: *

When a state transition is performed while SMSEL is 1, timer V, SCI3, SCI3_
A/D converter are reset, and all registers are set to their initial values. To use

functions after entering active mode, reset the registers.
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wvulne

retain
outpu
high-i
state.
External IRQ3 to IRQ0  Functioning Functioning Functioning Functioning  Funct
interrupts WKP5 to Functioning Functioning Functioning Functioning  Funct
WKPO
Peripheral RTC Functioning Functioning Functioning if the timekeeping time-b
functions function is selected, and retained if n
Timer V Functioning Functioning Reset Reset Resef
Watchdog Functioning Functioning Retained (functioning if the internal o
timer selected as a count clock*)
SCI3, SCI3_2 Functioning Functioning Reset Reset Rese
lIc2 Functioning Functioning Retained* Retained Retai
Timer B1 Functioning Functioning Retained* Retained Retail
Timer Z Functioning Functioning Retained (the counter increments acc
subclocks if the internal clock (¢) is s¢
a count clock*)
A/D converter  Functioning Functioning Reset Reset Resef
LVD Functioning Functioning Functioning Functioning  Funct
Note: * Registers can be read or written in subactive mode.
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6.2.2 Standby Mode

In standby mode, the external clock oscillator is halted, and operation of the CPU and o
peripheral modules is halted. However, as long as the rated voltage is supplied, the cont
CPU registers, on-chip RAM, and some on-chip peripheral module registers are retainec
RAM contents will be retained as long as the voltage set by the RAM data retention vol
provided. The I/O ports go to the high-impedance state.

Standby mode is cleared by an interrupt. When an interrupt is requested, the on-chip osc
starts functioning. The external oscillator also starts functioning when used. After the tii
the STS2 to STSO bits in SYSCRI1 has elapsed, standby mode is cleared and the CPU st
interrupt exception handling. Standby mode is not cleared if the I bit in the condition co
(CCR) is set to 1 or the requested interrupt is disabled by the interrupt enable bit.

When the RES pin is driven low in standby mode, the on-chip oscillator starts functioni
the oscillator starts, the system clock is supplied to the entire chip. The RES pin must be
for the rated period set by the power-on reset circuit, until the oscillator stabilizes. If the
is driven high after the oscillator has stabilized, the internal reset signal is cleared and th
starts reset exception handling.
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made to subactive mode when the bit is 1. After the time set in bits STS2 to STSO in SY
elapsed, a transition is made to active mode.

When the RES pin is driven low in standby mode, the on-chip oscillator starts functionin:
the oscillator starts, the system clock is supplied to the entire chip. The RES pin must be
for the rated period set by the power-on reset circuit, until the oscillator stabilizes. If the ]
is driven high after the oscillator has stabilized, the internal reset signal is cleared and the
starts reset exception handling.

6.2.4 Subactive Mode

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

When the SLEEP instruction is executed in subactive mode, a transition to sleep mode, s
mode, standby mode, active mode, or subactive mode is made, depending on the combin:
SYSCRI1 and SYSCR2.

When the RES pin is driven low in standby mode, the on-chip oscillator starts functionin:
the oscillator starts, the system clock is supplied to the entire chip. The RES pin must be
for the rated period set by the power-on reset circuit, until the oscillator stabilizes. If the ]
is driven high after the oscillator has stabilized, the internal reset signal is cleared and the
starts reset exception handling.
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transition also enables operating frequency modification in active or subactive mode. Af
mode transition, direct transition interrupt exception handling starts.

If the direct transition interrupt is disabled in interrupt enable register 1, a transition is n
instead to sleep or subsleep mode. Note that if a direct transition is attempted while the |
CCR s set to 1, sleep or subsleep mode will be entered, and the resulting mode cannot t
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 exceptior
(the direct transition time) is calculated by equation (1).

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

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

Legend

tosc: OSC clock cycle time

tw: Watch clock cycle time

tcyc: System clock (¢) cycle time
tsubcyc: Subclock (¢y,,) cycle time
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(when the CPU operating clock of ¢, /8 — ¢, and a waiting time of 8192 states are se

osc

Legend

tosc: OSC clock cycle time

tw: Watch clock cycle time

tcyc: System clock (¢) cycle time
tsubcyc: Subclock (¢y,,) cycle time

6.5 Module Standby Function

The module-standby function can be set to any peripheral module. In module standby mc
clock supply to modules stops to enter the power-down mode. Module standby mode ena
on-chip peripheral module to enter the standby state by setting a bit that corresponds to e:
module to 1 and cancels the mode by clearing the bit to 0.
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— On-board programming/erasing can be done in boot mode, in which the boot pro
into the chip is started to erase or program of the entire flash memory. In normal
program mode, individual blocks can be erased or programmed.

e Programmer mode

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

e Automatic bit rate adjustment

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

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

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

7.1 Block Configuration

Figure 7.1 shows the block configuration of flash memory of each product model. The t
indicate erasing units, the narrow lines indicate programming units, and the values are a
Erasing is performed in erasing units shown in these figures. Programming is performed
byte units starting from an address with lower eight bits H'00 or H'80.
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Erase unit: 1 Kbyte ~ '

)

Erase unit: 28 Kbytes ~~ !

)

Erase unit: 32 Kbytes = .

)

Erase unit: 32 Kbytes = |

Erase unit: 32 Kbytes :l: !

H'000F80 , H'000F81; H'000F82, " H'00
H'001000, H'001001 ; H'001002 ~— Programming unit: 128 bytes —  H'00
H'007F80: H'007F81 . H'007F82: 1 H'00
H'008000, H'008001 , H'008002, <— Programming unit: 128 bytes — . H'00:
H'00FF80' H'00FF81 ' H'O0FF82: 1 H'00
H'010000: H'010001 : H'010002 ! ~— Programming unit: 128 bytes — 1+ H'01!
H'017F80' H'017F81' H'017F82! "HO1
H'018000 ' H'018001 ' H'018002 ~— Programming unit: 128 bytes — ' H'01.
| HO1FF80! H'01FF81 ! H'01FF82! L H'of|

Figure7.1 Flash Memory Block Configuration (1)
(H8/36079GF and H8/36079L F)
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Erase unit: 1 Kbyte = ! ! | '

H'000F80, H'000F81 ; H'000F82, L H'O
H'001000; H'001001 ; H'001002; ~<— Programming unit: 128 bytes — L H'0

Erase unit: 28 Kbytes <~ .

H'007F80: H'007F81 : H'007F82: 'H'0
H'008000, H'008001, H'008002,  <— Programming unit: 128 bytes — _, H'0

Erase unit: 32 Kbytes = '

H'O0FF80 ' H'00FF81 + H'O0FF82: "H'0
H'010000 : H'010001 : H'010002: <— Programming unit: 128 bytes — 1+ H'0

Erase unit: 32 Kbytes:ri : X X .
[H'017F80" H'O17F81 ' HO17F82: -

H'0

Figure7.1 Flash Memory Block Configuration (2)
(H8/36078GF and H8/36078L F)
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Erase unit: 1 Kbytes ~

Erase unit: 28 Kbytes 5

Erase unit: 16 Kbytes =

Erase unit: 8 Kbytes 2

H'OF80 , H'OF81 . HOF82 . . HO
H'1000 , H'1001 | H'1002 ; ~— Programming unit: 128 bytes — L H1
H'7F80 « H'7F81 . H7F82 . . H7l
H'8000 . H'8001 . H'8002 . < Programming unit: 128 bytes = . H'8
H'BF80 + HBF81 ' HBF82 : " HB
H'C000 : H'C001 . H'C002 : ~— Programming unit: 128 bytes — i H'C
[ DFso - HDFe1 : rDF82 " HD

Figure7.1 Flash Memory Block Configuration (3)
(H8/36077GF and H8/36077LF)
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Erase unit: 1 Kbyte

T

Erase unit: 28 Kbytes:I:

H'OF80 , H'OF81 , HOF82 L H
H'1000 ; H'1001 ; H'1002 |  <— Programming unit: 128 bytes — . H
| H7F80 . H'7F81 . H7F82 . L H

Figure7.1 Flash Memory Block Configuration (4)

(H8/36074GF and H8/36074L F)

RENESAS
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721 Flash Memory Control Register 1 (FLMCR1)

FLMCRI is a register that makes the flash memory change to program mode, program-v
mode, erase mode, or erase-verify mode. For details on register setting, refer to section 7.

Memory Programming/Erasing.

Initial
Bit Bit Name Value R/W

Description

7 — 0 —

Reserved
This bit is always read as 0.

6 SWE 0 R/W

Software Write Enable

When this bit is set to 1, flash memory
programming/erasing is enabled. When this bit i
to 0, other FLMCRH1 register bits and all EBR1 bi
be set.

5 ESU 0 R/W

Erase Setup

When this bit is set to 1, the flash memory chang
erase setup state. When it is cleared to 0, the er
state is cancelled. Set this bit to 1 before setting
to 1 in FLMCR1.

4 PSU 0 R/W

Program Setup

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

Rev. 3.00 Sep. 10, 2007 Page 112 of 528

REJ09B0216-0300

RENESAS



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

0 P 0 R/W Program

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

722 Flash Memory Control Register 2 (FLMCR2)

FLMCR? is a register that displays the state of flash memory programming/erasing. FL]
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 ¢
on flash memory (programming or erasing). Wt
is set to 1, flash memory goes to the error-prote
state.

See section 7.5.3, Error Protection, for details.
6to0 — AllO — Reserved
These bits are always read as 0.
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6 EB6 0 R/W  When this bit is set to 1, 32 Kbytes of H'010000 to H'017FFF will t
5 EB5 0 R/W  When this bit is set to 1, H'008000 to H'00FFFF 32 Kbytes of H'01
H'017FFF will be erased.
4 EB4 0 R/W  When this bit is set to 1, 28 Kbytes of H'001000 to H'007FFF will k
3 EB3 0 R/W When this bit is set to 1, 1 Kbyte of H'000C00 to H'000FFF will be
2 EB2 0 R/W  When this bit is set to 1, 1 Kbyte of H'000800 to H'000BFF will be
1 EB1 0 R/W When this bit is set to 1, 1 Kbyte of H'000400 to H'0007FF will be
0 EBO 0 R/W  When this bit is set to 1, 1 Kbyte of H'000000 to H'0003FF will be

(2) HB8/36078GF and H8/36078LF

Initial

Bit Bit Name Value R/W

Description

7 — 0 — Reserved. Although this bit is readable/writable, do not set this bit
6 EB6 0 R/W  When this bit is set to 1, 32 Kbytes of H'010000 to H'017FFF will b
5 EB5 0 R/W  When this bit is set to 1, 32 Kbytes of H'008000 to H'00FFFF will b
4 EB4 0 R/W  When this bit is set to 1, 28 Kbytes of H'001000 to H'007FFF will b
3 EB3 0 R/W  When this bit is set to 1, 1 Kbyte of H'000C00 to H'000FFF will be
2 EB2 0 R/W  When this bit is set to 1, 1 Kbyte of H'000800 to H'000BFF will be «
1 EB1 0 R/W  When this bit is set to 1, 1 Kbyte of H'000400 to H'0007FF will be ¢
0 EBO 0 R/W  When this bit is set to 1, 1 Kbyte of H'000000 to H'0003FF will be ¢
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1 EB1 0 R/W When this bit is set to 1, 1 Kbyte of H'0400 to H'07FF will be eras
0 EBO 0 R/W  When this bit is set to 1, 1 Kbyte of H'0000 to H'O3FF will be eras
(4) HB8/36074GF and H8/36074LF

Initial
Bit Bit Name Value R/W Description
7 — 0 — Reserved. This bit is always read as 0.
6 — 0 — Reserved. Although this bit is readable/writable, do not set this b
5 — 0 — Reserved. Although this bit is readable/writable, do not set this b
4 EB4 0 R/W When this bit is set to 1, 28 Kbytes of H'1000 to H'7FFF will be e
3 EB3 0 R/W  When this bit is set to 1, 1 Kbyte of H'0OC00 to H'OFFF will be era
2 EB2 0 R/W When this bit is set to 1, 1 Kbyte of H'0800 to H'OBFF will be era:
1 EB1 0 R/W  When this bit is set to 1, 1 Kbyte of H'0400 to H'07FF will be eras
0 EBO 0 R/W When this bit is set to 1, 1 Kbyte of H'0000 to H'0O3FF will be eras
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When this bit is 0 and a transition is made to suk
mode, the flash memory enters the power-down
When this bit is 1, the flash memory remains in t
normal mode even after a transition is made to s
mode.

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

7.25 Flash Memory Enable Register (FENR)

Bit 7 (FLSHE) in FENR enables or disables the CPU access to the flash memory control
FLMCRI1, FLMCR2, EBR1, and FLPWCR.

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

Flash memory control registers can be accessec
this bit is set to 1. Flash memory control register
be accessed when this bit is set to 0.

6to0 — 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 a forcible 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 Modes

TEST NMI P85 PBO PB1 PB2 LSI State after Reset Enc
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-bit ¢
bit, and no parity.

3. When the boot program is initiated, the chip measures the low-level period of asyncl
SCI communication data (H'00) transmitted continuously from the host. The chip the
calculates the bit rate of transmission from the host, and adjusts the SCI3 bit rate to 1
of the host. The reset should end with the RxD pin high. The RxD and TxD pins sho
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e Y

microcontrollers supporting normal mode, is the area to which the programming cont
program is transferred from the host. The boot program area cannot be used until the «
state in boot mode switches to the programming control program.

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

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

8. Do not change the TEST pin and NMI pin input levels in boot mode.
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H'AA reception

H'FF to host and aborts operatio

B + * Calculates bit rate and sets BRI
=} 1 B 1 .
S | Transmits data H'55 when data H0O < HL * Transmits data H'00 to host as
@ is received error-free. end indication.

©

@ H'55 » H'55 reception.

[0}

3

; Boot program HFF Checks flash memory data, eras
g v erase error memory blocks in case of writter
qE) existing, and transmits data H'A/
= HAA (If erase could not be done, tran:
E

[

Transfer of number of bytes of
programming control program

v

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)

l <

Upper bytes, lower bytes

v

Echoback

» Echobacks the 2-byte data
received to host.

H'XX

|

Echobacks received data to host

Echoback

» transfers it to RAM.

H'AA

(repeated for N times)

|

Transmits data H'AA to host.

H'AA reception %

Branches to programming contre
transferred to on-chip RAM and
execution.
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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 memo
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 me
Prepare a user program/erase control program in accordance with the description in sectic
Flash Memory Programming/Erasing.

Reset-start

No

Program/erase?

Transfer user program/erase control Branch to flash memory application
program to RAM program

!

Branch to user program/erase control
program in RAM

l

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

!

Branch to flash memory application
program

Figure 7.2 Programming/Erasing Flowchart Examplein User Program Mo
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74.1 Program/Program-Verify

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

1.

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

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

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

Consecutively transfer 128 bytes of data in byte units from the reprogramming data .
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 flasl
destination area must be H'00 or H'8O0.

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

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

For a dummy write to a verify address, write 1-byte data H'FF to an address whose 1

are B'00. Verify data can be read in words or in longwords from the address to whicl
write was performed.
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- 1
[ Wait 5 s | I Apply Write pulse i}
i
| Clear PSU bit in FLMCR1 | [ Set PV bit Ivn FLMCR1 |
Wait 4
[ Wait 5 us | [ aitdpus ]
* Set block start address as
[ Disable WDT | verify address _
i e S E—
[ HFF dummy wmi to verify address__|

[ Wait 2 ps | )*
1]

[ Read verify data |

[ Clear PV bit in FLMCR1 |

1]
[ Wait 2 s |

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

No
[ Clear SWE bit in FLMCR1 ] [ Clear SWE bitin FLMCR1

1] i
[ Wait 100 ps ] | Wait 100 s
1]
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
0 1 1 No additional prog!
1 0 1 No additional prog
1 1 1 No additional prog!
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.

RENESAS
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OVEriiow CycClI€ Ol approximaltcly 1.6 ms 1S allowed.

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

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

74.3 Interrupt Handling when Programming/Erasing Flash Memory

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

1.

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

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

If an interrupt occurs during boot program execution, normal boot mode sequence cat
carried out.
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1 C DIt < U |
1
L Wl 102 ]

| ESU bit < 10 |
| 10'us |
[ DisabIL WDT ]
[ EV bit < 1 |
| Wait 20 us |

| Set block start address as verify address |
1

| HFFE dummy write to verify address |
| Wait 2 us | ),
|
|

| Read verify data

No

Verify data + all 1s ?

| Increment address I

No

Last address of block ?

Coenst —

[ EVbite 0 | |
1

EV bite 0 |
1

[ Wait 4 us | l

Wait 4us |

No

All erase block erased ?

@ Yes

No
| SWE bit < 0 | | SWE bit < 0 |
1 1
| Wait 100 ps | | 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 rea

Figure7.4 Erase/Erase-Verify Flowchart
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entered unless the RES pin is held low until oscillation stabilizes after powering on. In th
a reset during operation, hold the RES pin low for the RES pulse width specified in the A
Characteristics section.

75.2 Softwar e Protection

Software protection can be implemented against programming/erasing of all flash memor
by clearing the SWE bit in FLMCR1. When software protection is in effect, setting the P
in FLMCRI1 does not cause a transition to program mode or erase mode. By setting the e1
register 1| (EBR1), erase protection can be set for individual blocks. When EBR1 is set to
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/eras
algorithm, and the program/erase operation is forcibly aborted. Aborting the program/era
operation prevents damage to the flash memory due to overprogramming or overerasing.

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

e  When the flash memory of the relevant address area is read during programming/eras
(including vector read and instruction fetch)

o Immediately after exception handling excluding a reset 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 operate in either of the following states:

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

e Power-down operating mode
The power supply circuit of flash memory can be partly halted. As a result, flash me
be read with low power consumption.

¢ Standby mode

All flash memory circuits are halted.

Table 7.7 shows the correspondence between the operating modes of this LSI and the fl:
memory. In subactive mode, the flash memory can be set to operate in power-down moc
PDWND bit in FLPWCR. When the flash memory returns to its normal operating state
power-down mode or standby mode, a period to stabilize operation of the power supply
that were stopped is needed. When the flash memory returns to its normal operating stat
STS2 to STSO in SYSCR1 must be set to provide a wait time of at least 20 ps, even whe
external clock is being used.

Rev. 3.00 Sep. 10, 2007 Pag
RENESAS REJOC



Rev. 3.00 Sep. 10, 2007 Page 128 of 528
REJ09B0216-0300 RENESAS



3.3-V specification H8/36078LF
H8/36077 5.0-V specification H8/36077GF 4 Kbytes  H'E800 to H'
Group 3.3-V specification H8/36077LF HF780 to H
5.0-V specification H8/36074GF
3.3-V specification H8/36074LF

Notes: 1. When the E7 or E8 is used, area H'FFF780 to H'FFFB7F must not be access
2. When the E7 or E8 is used, area H'F780 to H'FB7F must not be accessed.

RAMO0500A_000120030300
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For functions in each port, see appendix B.1, I/O Port Block Diagrams. For the executio
manipulation instructions to the port control register and port data register, see section 2
Manipulation Instruction.

9.1 Port 1

Port 1 is a general 1/0 port also functioning as IRQ interrupt input pins, an RTC output
bit PWM output pin, a timer B1 input pin, and a timer V input pin. Figure 9.1 shows its
configuration.

~<—— P17/IRQ3/TRGV
~— P16/IRQ2

~——— P15/IRQ1/TMIB1

Potl |« + p14iRQO

-~ P12

~— P11/PWM
~— P10/TMOW

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

e Port mode register 1 (PMR1)

e Port control register 1 (PCR1)

e Port data register 1 (PDR1)

e Port pull-up control register 1 (PUCR1)
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Dt

1: IRQ2 input pin

5 IRQ1

R/W

This bit selects the function of pin P15/IRQ1/TM
0: General I/O port
1: IRQ1/TMIB1 input pin

4 IRQO

R/W

This bit selects the function of pin P14/IRQO.
0: General 1/O port
1: IRQO input pin

3 TXD2

R/W

This bit selects the function of pin P72/TXD_2.
0: General I/O port
1: TXD_2 output pin

2 PWM

R/W

This bit selects the function of pin P11/PWM.
0: General 1/O port
1: PWM output pin

1 TXD

R/W

This bit selects the function of pin P22/TXD.
0: General I/O port
1: TXD output pin

0 TMOW

R/W

This bit 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

9.1.3 Port Data Register 1 (PDR1)

PDRI is a general I/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, th
5 P15 0 R/W stored in PDR1 are read. If PDR1 is read while

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

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 IRQS input/TRGV input pin

[Legend] x: Don't care.
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Register PMR1 PCR1
Bit Name IRQ1 PCR15 Pin Function
Setting value 0 0 P15 input pin
1 P15 output pin
1 X IRQ1 input/TMIB1 input pin
[Legend] x: Don't care.
P14/TRQO pin
Register PMR1 PCR1
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.

P12 pin

Register PCR1

Bit Name PCR12

Pin Function

Setting value 0

P12 input pin

1

P12 output pin

Rev. 3.00 Sep. 10, 2007 Pag
RENESAS REJOC



Register PMR1 PCR1
Bit Name TMOW PCR10 Pin Function

Setting value 0 0 P10 input pin
1 P10 output pin
1 X TMOW output pin

[Legend] x: Don't care.
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P20/SCK3

L

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

e Port control register 2 (PCR2)
e Port data register 2 (PDR2)
e Port mode register 3 (PMR3)

921 Port Control Register 2 (PCR2)

PCR2 selects inputs/outputs in bit units for pins to be used as general I/O ports of port 2

Initial
Bit Bit Name Value R/W Description
7t05 — — — Reserved
4 PCR24 0 w When each of the port 2 pins P24 to P20 functi
3 PCR23 0 W general I/O port, setting a PCR2 bit to 1 makes
corresponding pin an output port, while clearing
2 PCR22 0 W 0 makes the pin an input port.
1 PCR21 0 w
0 PCR20 0 w
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2 P22 O R S001ICU T runa loicadu. 1l ruinca o icau wiilic ru
are cleared to 0, the pin states are read regardle

1 P21 0 R/W value stored in PDR2.

0 P20 0 R/W

9.2.3 Port Mode Register 3 (PMR3)
PMR3 selects the CMOS output or NMOS open-drain output for port 2.

Initial
Bit Bit Name Value R/W Description

7t05 — All O — Reserved
These bits are always read as 0.

POF24 0 R/W When the bit is set to 1, the corresponding pin is
3 POF23 0 R/W by PMOS and it functions as thelNMOS.open-dr
output. When cleared to 0, the pin functions as t
output.
2to0 — All 1 — Reserved

These bits are always read as 1.
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P23 pin

Register PCR2
Bit Name PCR23 Pin Function
Setting Value 0 P23 input pin
1 P23 output pin
P22/TXD pin
Register PMR1 PCR2
Bit Name TXD PCR22 Pin Function
Setting Value 0 0 P22 input pin
1 P22 output pin
1 X TXD output pin
[Legend] x: Don't care.
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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 0 1 X SCKS output pin
0 1 X X SCKS output pin
1 X X X SCK3 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 data register 3 (PDR3)

9.3.1 Port Control Register 3 (PCR3)

PCR3 selects inputs/outputs in bit units for pins to be used as general I/O ports of port 3

Initial

Bit Bit Name Value R/W Description

7 PCR37 0 w Setting a PCR3 bit to 1 makes the correspondi
6 PCR36 0 W output port, while clearing the bit to 0 makes th

input port.

5 PCR35 0 w

4 PCR34 0 w

3 PCR33 0 w

2 PCR32 0 w

1 PCR31 0 w

0 PCR30 0 w
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3 P33 0

2 P32 0 R/W
1 P31 0 R/W
0 P30 0 R/W

9.3.3 Pin Functions

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

P37 pin

Register PCR3

Bit Name PCR37 Pin Function

Setting Value 0 P37 input pin
1 P37 output pin

P36 pin

Register PCR3

Bit Name PCR36 Pin Function

Setting Value 0 P36 input pin
1 P36 output pin
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Bit Name PCR34

Pin Function

Setting Value 0 P34 input pin
1 P34 output pin
P33 pin
Register PCR3
Bit Name PCR33 Pin Function
Setting Value 0 P33 input pin
1 P33 output pin
P32 pin
Register PCR3
Bit Name PCR32 Pin Function
Setting Value 0 P32 input pin
1 P32 output pin
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Bit Name PCR30 Pin Function

Setting Value 0 P30 input pin

1 P30 output pin
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Port 5

o S PNV VLESL

~— P56/SDA

~—— P54/WKP4
~———= P53/WKP3
~——— P52/WKP2
~— P51/ WKP1
~—— P50/WKPO

~——— P55/WKP5/ADTRG

Figure9.4 Port 5 Pin Configuration

Port 5 has the following registers.

e Port mode register 5 (PMRSY)
e Port control register 5 (PCRS5)
e Port data register 5 (PDRY)

e Port pull-up control register 5 (PUCRS)

RENESAS
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0: General 1/O port
1: WKP5/ADTRG input pin

4 WKP4

R/W

This bit selects the function of pin P54/WKP4.
0: General 1/O port
1: WKP4 input pin

3 WKP3

R/W

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

2 WKP2

R/W

This bit selects the function of pin P52/WKP2.
0: General 1/O port
1: WKP2 input pin

1 WKP1

R/W

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

0 WKPO

R/W

This bit selects the function of pin P50/WKPOQ.
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)

PDRS is a general I/O port data register of port 5.

Initial
Bit Bit Name Value R/W Description
7 P57 0 R/W Stores output data for port 5 pins.
6 P56 0 R/W If PDRS5 is read while PCR5 bits are set to 1, th
5 P55 0 R/W stored in PDR5 are read. If PDR5 is read while
are cleared to 0, the pin states are read regard|
4 P54 0 R/W value stored in PDR5.
3 P53 0 R/W
2 P52 0 R/W
1 P51 0 R/W
0 P50 0 R/W
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3 PUCR53 0 these bits are cleared to 0.
2 PUCR52 0 R/W
1 PUCR51 0 R/W
0 PUCR50 O R/W

945 Pin Functions

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

P57/SCL pin
Register ICCR1 PCR5
Bit Name ICE PCR57 Pin Function
Setting 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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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.
P54/WKP4 pin
Register PMR5 PCR5
Bit Name WKP4 PCR54 Pin Function
Setting Value 0 0 P54 input pin
1 P54 output pin

1

WKP4 input pin

[Legend] x: Don't care.
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Register PMR5 PCR5

Bit Name WKP2 PCR52 Pin Function
Setting Value 0 0 P52 input pin
1 P52 output pin
1 X WKP2 input pin

[Legend] x: Don't care.

P51/WKP1 pin
Register PMR5 PCRS5
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.
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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"= rog/r oLy
-—— P61/FTIOBO
P60/FTIOAQ

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

e Port control register 6 (PCR6)
o Port data register 6 (PDR6)

95.1 Port Control Register 6 (PCR6)

PCRG6 selects inputs/outputs in bit units for pins to be used as general I/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 functi
6 PCR66 0 W general I/O port, setting a PCR6 bit to 1 makes
corresponding pin an output port, while clearing
5 PCR65 0 W 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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3 P63 0

2 P62 0 R/W
1 P61 0 R/W
0 P60 0 R/W

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

P67/FTIOD1 pin

Register TOER TFCR TPMR TIORC1 PCR6
CMD1 and 10D2 to
Bit Name ED1 CMDO PWMD1 10DO PCR67 Pin Function
Setting Value 1 00 0 000 or 0 P67 input/FTIOD1 inf
Txx 1 P67 output pin
0 00 0 001 or X FTIOD1 output pin
01x
1 XXX
Other than x XXX
00

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

00
[Legend] x: Don't care.
PE5/FTIOB1 pin
Register TOER TFCR TPMR TIORAl1 PCR6
CMD1 to IOB2 to
Bit Name EB1 CMDO PWMB1 IOBO PCR65 Pin Function
Setting Value 1 00 0 000 or 0 P65 input/FTIOB1 ir
xx 1 P65 output pin
0 00 0 001 or X FTIOB1 output pin
01x
1 XXX
Other than x XXX
00

[Legend] x: Don't care.
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P63/FT10DO pin

Register TOER TFCR TPMR  TIORCO PCR6

CMD1to

10D2 to

Bit Name EDO CMDO PWMDO 10D0 PCR63

Pin Function

Setting Value 1 00 0 000 or 0 P63 input/FTIODO iny
1xx 1 P63 output pin
0 00 0 001 or X FTIODO output pin
01x
1 XXX
Other than x XXX
00
[Legend] x: Don't care.
P62/FTIOCO pin
Register TOER TFCR TPMR TIORCO PCR6
CMD1 to I0C2 to

Bit Name ECO CMDO PWMCO 10CO PCR62

Pin Function

Setting Value 1 00 0 000 or 0 P62 input/FTIOCO iny
xx 1 P62 output pin
0 00 0 001 or X FTIOCO output pin
01x
1 XXX
Other than x XXX
00
[Legend] x: Don't care.
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vther than X XXX

00
[Legend] x: Don't care.
PE60/FTIOAO pin
Register TOER TFCR TFCR  TIORAO PCR6
CMDL1 to I0A2 to
Bit Name EAO CMDO STCLK I0AO0 PCR60 Pin Function
Setting Value 1 XX X 000 or 0 P60 input/FTIOAQ ir
1xx 1 P60 output pin
0 00 0 001 or X FTIOAO output pin
01x

[Legend] x: Don't care.
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~— 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 data register 7 (PDR7)

9.6.1 Port Control Register 7 (PCR7)

PCR7 selects inputs/outputs in bit units for pins to be used as general I/O ports of port 7.

Initial

Bit Bit Name Value R/W Description
7 — — — When each of the port 7 pins P76 to P74 and P7
6 PCR76 0 W functions as a generaI.I/O pprt, setting a PCR7 t

makes the corresponding pin an output port, whi
5 PCR75 0 W clearing the bit to 0 makes the pin an input port.
4 PCR74 0 W Bits 7 and 3 are reserved bits.
3 _ _ _
2 PCR72 0 w
1 PCR71 0 w
0 PCR70 0 w
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3 - 1 - Bits 7 and 3 are reserved bits. These bits are a
2 P72 0 R/W as 1.

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 b

P76/TMOV pin

Register TCSRV PCR7
Bit Name 0OS3to OSO PCR76 Pin Function
Setting Value 0000 0 P76 input pin
1 P76 output pin
Other than  x TMOV output pin
the above
values

[Legend] x: Don't care.

P75/TMCIV pin

Register PCR7

Bit Name PCR75 Pin Function

Setting Value 0 P75 input/TMCIV input pin
1 P75 output/TMCIV input pin
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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.
P71/RXD_2 pin
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.
P70/SCK3_2 pin
Register SCR3_2 SMR2 PCR7
Bit Name CKE1l CKEO COM PCR70 Pin Function
Setting Value 0 0 0 0 P70 input pin

1 P70 output pin

0 0 1 X SCKB3_2 output pin

0 1 X X SCKB3_2 output pin

1 X X X SCK®3_2 input pin
[Legend] x: Don't care.
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Port 8 has the following registers.

e Port control register 8 (PCR8)
e Port data register 8 (PDRS)

9.7.1 Port Control Register 8 (PCR8)

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

Description

Initial
Bit Bit Name Value R/W
7 PCR87 0 w
6 PCR86 0 w
5 PCR85 0 w

When each of the port 8 pins P87 to P85 functi
general I/O port, setting a PCR8 bit to 1 makes
corresponding pin an output port, while clearing
0 makes the pin an input port.

4t00 — — —

Reserved

9.7.2 Port Data Register 8 (PDRS8)

PDRS& is a general I/O port data register of port 8.

Initial
Bit Bit Name Value R/W Description
P87 0 R/W PDRS8 stores output data for port 8 pins.
P86 0 R/W If PDRS8 is read while PCR8 bits are set to 1, th
P85 0 R/W stored in PDR8 is read. If PDR8 is read while P
are cleared to 0, the pin states are read regard|
value stored in PDRS.
4t00 — All 1 — Reserved

These bits are always read as 1.
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P86 pin

Register PCRS8
Bit Name PCR86 Pin Function
Setting Value 0 P86 input pin
1 P86 output pin
P85 pin
Register PCRS8
Bit Name PCR85 Pin Function
Setting Value 0 P85 input pin
1 P85 output pin
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-— PB2/AN2
~— PB1/AN1
-~———— PBO0/ANO

Figure 9.8 Port B Pin Configuration
Port B has the following register.

e Port data register B (PDRB)

9.8.1 Port Data Register B (PDRB)

PDRB is a general 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 t
6 PB6 o R register.
5 PB5 s R However, if a port B pin is designated as an an

channel by ADCSR in the A/D converter or as ¢
4 PB4 - R comparison voltage input pin by LVDCR in the
3 PB3 — R voltage detection circuit, the corresponding bit |
2 PB2 — R as 0.
1 PB1 — R
0 PBO — R

Rev. 3.00 Sep. 10, 2007 Pag
RENESAS REJOC



Other than above PB0 O
[Legend] x: Don't care.
PB1/AN1 pin
Register ADCSR
Bit Name SCAN CH2 CH1 CHO Pin Ft
Setting Value 0 0 1 ANT ir
1 1
X
Other than above PB1o
[Legend] x: Don't care.
PB2/AN2 pin
Register ADCSR
Bit Name SCAN CH2 CH1 CHO Pin F
Setting Value 0 0 1 0 AN2 ir
1 1 X
Other than above PB2 o

[Legend] x: Don't care.
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Register

Bit Name SCAN CH2 CH1 CHO Pin F
Setting Value 0 1 0 0 AN4
1 X X
Other than above PB4

[Legend] x: Don't care.

PB5/ANS pin
Register ADCSR
Bit Name SCAN CH2 CH1 CHO Pin F
Setting Value 0 1 0 1 AN5
1 0 1
1 X
Other than above PB5

[Legend] x: Don't care.
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PB6 ir

[Legend] x: Don't care.

PB7/AN7/ExtU pin

Register ADCSR LVDCR
Bit Name SCAN CH2 CH1 CHO VDDII Pin Ft
Setting Value 0 1 0 AN7 ir
1 input f
0 1 AN7 ir

—

Other than above 0 PB7 ir
input ¢
1 PB7 ir

[Legend] x: Don't care.
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~—> PCO0/0SC1

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

¢ Port control register C (PCRC)
* Port data register C (PDRC)

9291 Port Control Register C (PCRC)

PCRC selects inputs/outputs in bit units for pins to be used as general I/O ports of port (

Initial
Bit Bit Name Value R/W Description
7t02 — — — Reserved
1 PCRC1 0 W When each of the port C pins, PC1 and PCO, ft
0 PCRCO 0 W an general I/O port, setting a PCRC bit to 1 ma

corresponding pin an output port, while clearing
0 makes the pin an input port.
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value stored in PDRC.

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

PCL/OSC2/CLKOUT pin

Register CKCSR PCRC
Bit Name PMRC1 PMRCO PCRC1 Pin Function
Setting value 0 0 0 PC1 input pin
1 PC1 output pin
1 X Open
1 0 X CLKOUT output pin
X OSC2 oscillation pin

[Legend] x: Don't care.

PCO/OSC1 pin
Register CKCSR PCRC
Bit Name PMRCO PCRCO Pin Function
Setting value 0 0 PCO input pin
1 PCO output pin
1 X OSC1 oscillation pin

[Legend] x: Don't care.
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e Readable/writable counter of seconds, minutes, hours, and day-of-week with BCD ¢
e Periodic (seconds, minutes, hours, days, and weeks) interrupts
o 8-bit free running counter

e Selection of clock source

PSS RTCCSR
32-kHz
oscillator |—»| 1/4 > RSECDR
circuit
v > RMINDR
RHRDR
TMOw-<+—1] Clock count
control circuit |e¢————p RWKDR

<—\—> RTCCR1
— RTCCR2

Interrupt
[Legend] | control circuit
RTCCSR: Clock source select register
RSECDR: Second date register/free running counter data register
RMINDR: Minute date register

RHRDR: Hour date register

RWKDR: Day-of-week date register

RTCCR1: RTC control register 1

RTCCR2: RTC control register 2

PSS: Prescaler S

llk A

Internal data bus

NS

L Interryy

Figure 10.1 Block Diagram of RTC
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e Clock source select register (RTCCSR)

10.3.1 Second Data Register/Free Running Counter Data Register (RSECDR)

RSECDR counts the BCD-coded second value. The setting range is decimal 00 to 59. It
read register used as a counter, when it operates as a free running counter. For more infc
on reading seconds, minutes, hours, and day-of-week, see section 10.4.3, Data Reading

Initial

Bit Bit Name Value R/W Description

7 BSY — R RTC Busy
This bit is set to 1 when the RTC is updating |
the values of second, minute, hour, and day-c
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 SCo00 — R/W
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minute, hour, and day-of-week data registers r
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 i's 0, the valueé C
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 carr
1 HRO1 R/W generated, 1 is added to the ten's position.
0 HRO00 R/W
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minute, hour, and day-of-week data registers r

adopted.
6to03 — All O — Reserved
These bits are always read as 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.

5 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
4 RST 0 R/W Reset
0: Normal operation
1: Resets registers and control circuits excep
and this bit. Clear this bit to 0 after having |
1.
3 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.
2t00 — All O — Reserved
These bits are always read as 0.
Noon
v
24-hour count 1]/2[3]|4|5[6]7|8]9][10[11[12][13|14[15][16]17
12-hour count 1]/2|3|4|5]|6|7|8]|9]10/11|0|1]|2[3[4]|5
PM 0 (Morning) 1 (Afternoon)
24-hour count 19/20(21(22|23| 0
12-hour count 718[9][10[11]0
PM 1 (Afternoon) 0

Figure 10.2 Definition of Time Expression
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5 FOIE — R/W Free Running Counter Overflow Interrupt Enat
0: Disables an overflow interrupt

1: Enables an overflow interrupt

4 WKIE — R/W Week Periodic Interrupt Enable
0: Disables a week periodic interrupt

1: Enables a week periodic interrupt

3 DYIE — R/W Day Periodic Interrupt Enable
0: Disables a day periodic interrupt
1: Enables a day periodic interrupt

2 HRIE — R/W Hour Periodic Interrupt Enable
0: Disables an hour periodic interrupt

1: Enables an hour periodic interrupt

1 MNIE — R/W Minute Periodic Interrupt Enable
0: Disables a minute periodic interrupt
1: Enables a minute periodic interrupt

0 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 R/W Clock Output Selection
RCS5 R/W Selects a clock output from the TMOW pin wi

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: §/8:+-vevvvveeee Free running counter ope

1 RCS1 0 R/W 0001: ¢f32:-weeeemereeees Free running counter ope

0 RCS0 0 R/W 0010: ¢/128:-cevevveeee Free running counter ope
0011: ¢/256:-++-e-e---- Free running counter ope
0100: ¢/512--cceeeeeeee Free running counter ope
0101: ¢/2048:------ Free running counter ope
0110: ¢/4096---------- Free running counter op
0111: ¢/8192-+c-eevee Free running counter ope

1XXX: 32.768 kHz---RTC operation

[Legend] X: Don't care.
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Figure 10.3 shows the procedure for the initial setting of the RTC. To set the RTC again,
follow this procedure.

|

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

| RsTinRTCCR1=1 |
| RTC registers and clock count

| RST in RTCCR1=0 | controller are reset.
| _
Set RTCCSR, RSECDR,
RMINDR,RHRDR, Clock output and clock source are
RWKDR,12/24 in selected and second, minute, hour,
RTCCR1, and PM day-of-week,operating mode, and
T — am/p.m are set.
RUN in RTCCR1=1 | :| RTC operation is started.

Figure 10.3 Initial Setting Procedure
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bit is set to 1, the registers are updated, and the BSY bit is cleared to O.

2. Making use of interrupts, read from the second, minute, hour, and day-of week regis
the IRRTA flag in IRR1 is set to 1 and the BSY bit is confirmed to be 0.

3. Read from the second, minute, hour, and day-of week registers twice in a row, and i
no change in the read data, the read data is used.

Processing flow

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

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

BSY bit-> 0

(4) Second data register read H'00

Figure 10.4 Example: Reading of I naccurate Time Data
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lapnle 1U.2 Interrupt sources

Interrupt Name Interrupt Source Interrupt Ena

Overflow interrupt Occurs when the free running counter is FOIE
overflowed.

Week periodic interrupt Occurs every week when the day-of-week WKIE

date register value becomes O.

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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TMB1 - >
i (g
¢ o—— PSS > > ©
> TCB1 %
> [ ] °
g
T™MB1l o—— >
kS
TLB1
[Legend]
TMB1:  Timer mode register B1
TCB1:  Timer counter B1 > IRRTE
TLB1:  Timer load register B1
IRRTB1: Timer B1 interrupt request flag
PSS: Prescaler S
TMIB1: Timer B1 event input
Figure11.1 Block Diagram of Timer B1
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1IvIB 1 SCIECLS tNE aulo-reload runction and imput C1ockK.

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
6to3 — All 1 — Reserved
These bits are always read as 1.
2 TMB12 0 R/W Clock select
TMB11 R/W 000: Internal clock: ¢/8192
0 TMB10 0 R/W 001: Internal clock: $/2048

010: Internal clock: ¢/512

011: Internal clock: ¢/256

100: Internal clock: ¢/64

101: Internal clock: ¢/16

110: Internal clock: ¢/4

111: External event (TMIB1): rising or falling ec

Note: * The edge of the external event signal
by bit IEG1 in the interrupt edge selec
(IEGR1). See section 3.2.1, Interrupt |
Select Register 1 (IEGR1), for details.
setting TMB12 to TMB10 to 1, IRQ1 ir
mode register 1 (PMR1) should be sef
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11D 1 15 dll 0-UIL W1HILC-UIlly 1CgI15LCl 101 5CLUL g UIC 1C10aU vdluc O1 1D 1. VvliiCll 4 1¢l0au
set in TLB1, the same value is loaded into TCB1 as well, and TCB1 starts counting up fr
value. When TCB1 overflows during operation in auto-reload mode, the TLB1 value is 1
into TCB1. Accordingly, overflow periods can be set within the range of 1 to 256 input
TLBI1 is allocated to the same address as TCB1. TLB1 is initialized to H'00.

114  Operation

1141 Interval Timer Operation

When bit TMB17 in TMBI is cleared to 0, timer B1 functions as an 8-bit interval timer. |
reset, TCB1 is cleared to H'00 and bit TMB17 is cleared to O, so up-counting and interva
resume immediately. The operating clock of timer B1 is selected from seven internal clo
output by prescaler S, or an external clock input at pin TMB1. The selection is made by |
TMBI12 to TMB10 in TMBI.

After the count value in TMB1 reaches H'FF, the next clock signal input causes timer B1
overflow, setting flag IRRTB1 in IRR2 to 1. If IENTBI in IENR?2 is 1, an interrupt is req
the CPU.

At overflow, TCB1 returns to H'00 and starts counting up again. During interval timer op
(TMB17 = 0), when a value is set in TLB1, the same value is set in TCB1.
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TCBI.

11.4.3 Event Counter Operation

Timer B1 can operate as an event counter in which TMIB1 is set to an event input pin.
event counting is selected by setting bits TMB12 to TMB10 in TMB1 to 1. TCB1 count
rising or falling edge of an external event signal input at pin TMBI1.

When timer B1 is used to count external event input, bit IRQ1 in PMR1 should be set to
IENT1 in IENR1 should be cleared to 0 to disable IRQI 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 S
TCB1 Interval Reset Functions  Functions  Halted Halted H

Auto-reload Reset Functions  Functions  Halted Halted H
TMB1 Reset Functions  Retained Retained Retained R
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e Choice of seven clock signals 18 available.
Choice of six internal clock sources (¢/128, ¢/64, ¢/32, /16, ¢/8, ¢/4) or an external

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

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

e Three interrupt sources: compare match A, compare match B, timer overflow

o Counting can be initiated by trigger input at the TRGV pin. The rising edge, falling «
both edges of the TRGV input can be selected.
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Clear T
TMRIV  ————  hirol TCRVO

oupw | o F— |
S
TMOV control TCSRV

[Legend]
TCORA:
TCORB:
TCNTV:
TCSRV:
TCRVO:
TCRV1:
PSS:
CMIA:
CMIB:
OVI:

TA

Interrupt
request
control

Time constant register A
Time constant register B
Timer counter V

Timer control/status register V
Timer control register VO
Timer control register V1
Prescaler S

Compare-match interrupt A
Compare-match interrupt B
Overflow interupt

Figure12.1 Block Diagram of Timer V
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Hygyel iiput nav Hiput Lhygycel iput o iilialc vu

12.3  Register Descriptions
Time V has the following registers.

e Timer counter V (TCNTV)

e Timer constant register A (TCORA)

e Timer constant register B (TCORB)

e Timer control register VO (TCRV0)

e Timer control/status register V (TCSRV)
e Timer control register V1 (TCRV1)

1231 Timer Counter V (TCNTV)

TCNTYV is an 8-bit up-counter. The clock source is selected by bits CKS2 to CKSO in ti
control register VO (TCRVO0). The TCNTYV value can be read and written by the CPU at
TCNTYV 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 TCNTYV overflows, OVF is set to 1 in timer control/status register V (TCSRV).

TCNTYV is initialized to H'00.
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and the settings oI bits OS5 1o OSU I 1CSKV.

TCORA and TCORB are initialized to H'FF.

12.3.3 Timer Control Register VO (TCRVO0)

TCRVO selects the input clock signals of TCNTYV, specifies the clearing conditions of T(
and controls each interrupt request.

Initial
Bit Bit Name Value R/W Description
7 CMIEB 0 R/W Compare Match Interrupt Enable B

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

6 CMIEA 0 R/W Compare Match Interrupt Enable A

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

5 OVIE 0 R/W Timer Overflow Interrupt Enable

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

CCLR1 0 R/W Counter Clear 1 and 0
3 CCLRO 0 R/W These bits specify the clearing conditions of TCI
00: Clearing is disabled

01: Cleared by compare match A
10: Cleared by compare match B

11: Cleared on the rising edge of the TMRIV pin
operation of TCNTYV after clearing depends ¢
in TCRV1.
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=i =L e =it =i

CKS2 CKs1 CKSo ICKSO0 Description
0 0 0 — Clock input prohibited
Internal clock: counts on ¢/4, falling €

Internal clock: counts on ¢/8, falling €

Internal clock: counts on ¢/16, falling

Internal clock: counts on ¢/32, falling

Internal clock: counts on ¢/64, falling

—
o
- OoO|==|O| =] O

Internal clock: counts on ¢/128, fallin

— Clock input prohibited

— External clock: counts on rising edge

External clock: counts on falling edge

-
- O =] O
|

— External clock: counts on rising and f
edge

12.3.4 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 v
Clearing condition:

After reading CMFB = 1, cleared by writing 0 to
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Clearing condition:
After reading OVF = 1, cleared by writing 0 to O

4 — 1 — Reserved
This bit is always read as 1.
0S3 0 R/W Output Select 3 and 2

0Ss2 0 R/W These bits select an output method for the TMO!
the compare match of TCORB and TCNTV.

00: No change

01: 0 output
10: 1 output
11: Output toggles
1 0OS1 0 R/W Output Select 1 and 0
0 0So 0 R/W These bits select an output method for the TMO!

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

01: 0 output

10: 1 output

11: Output toggles

0S3 and OS2 select the output level for compare match B. OS1 and OSO select the outpu
for compare match A. The two output levels can be controlled independently. After a res
timer output is 0 until the first compare match.
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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
selected by TVEG1 and TVEGO.

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

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

Reserved
This bit is always read as 1.

0

ICKSO

0

R/W

Internal Clock Select 0

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

Refer to table 12.2.
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will be set. The timing at this time is shown in figure 12.4. An interrupt request is sen
CPU when OVIE in TCRVO is 1.

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

4. When a compare match A or B is generated, the TMOYV responds with the output valt
selected by bits OS3 to OS0 in TCSRV. Figure 12.6 shows the timing when the outpt
toggled by compare match A.

5. When CCLR1 or CCLRO in TCRVO is 01 or 10, TCNTYV can be cleared by the corres
compare match. Figure 12.7 shows the timing.

6. When CCLR1 or CCLRO in TCRVO is 11, TCNTYV can be cleared by the rising edge
input of TMRIV pin. A TMRIV input pulse-width of at least 1.5 system clocks is nec
Figure 12.8 shows the timing.

7. When a counter-clearing source is generated with TRGE in TCRV1 set to 1, the coun
halted as soon as TCNTYV is cleared. TCNTV resumes counting-up when the edge sel
TVEGI or TVEGO in TCRV1 is input from the TGRYV pin.
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; T

TMCIV ()(}

(External clock | ( |
)7

input pin) \
TCNTV input
clock | | ((

)7 ()—

(( (
TCNTV N -1 YO N X ::(’ N+ 1
)) )

Figure12.3 Increment Timing with External Clock

‘ B I I A B

TCNTV H'00

Overflow signal

HFF X
[ 1
OVF I

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

Compare match I_l
A signal I \‘ | ((
)
(( \
Timer V output )) |
pin 4|

Figure12.6 TMOV Output Timing

! I I I I I S R B B A R B I

Compare match I_l

A signal \

N X H'00

Figure12.7 Clear Timing by Compare Match

TCNTV
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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 TCNTYV will be cleared by compare |
TCORA.

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

3. Set bits CKS2 to CKS0 in TCRVO and bit ICKS0 in TCRV1 to select the desired clc

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

TCNTV value

HFF

TCORA

TCORB

H'00

e e W

Tim

Figure 12.9 Pulse Output Example
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iput.

4. Set bits CKS2 to CKSO0 in TCRVO and bit ICKS0 in TCRV1 to select the desired cloc

5. After these settings, a pulse waveform will be output without further software interve
with a delay determined by TCORA from the TRGV input, and a pulse width determi
(TCORB - TCORA).

TCNTV value

HFF L e

TCORB

TCORA

H'00

Time

TRGV 1 i

TMOV

Y Y
Compare match A Compare match A

Compare match B Compare match B
clears TCNTV and clears TCNTV and
halts count-up halts count-up

Figure12.10 Example of Pulse Output Synchronized to TRGV Input
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e =

. 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: to
> output 1 > output 0.

. Depending on the timing, TCNTV may be incremented by a switch between differer
clock sources. When TCNTYV is internally clocked, an increment pulse is generated :
falling edge of an internal clock signal, that is divided system clock (¢). Therefore,
figure 12.3 the switch is from a high clock signal to a low clock signal, the switchov
as a falling edge, causing TCNTV to increment. TCNTV can also be incremented by
between internal and external clocks.

TCNTV write cycle by CPU

T1 T2 T3

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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TCNTV N X N+1

TCORA N X yad M
I TCORA write data
Compare match signal H ~
\ Inhibited

Figure12.12 Contention between TCORA Write and Compare Match

Clock before
switching

Clock after
switching

Gount dock (7 (m i

TCNTV N X N+1 X N+2 X

Write to CKS1 and CKS0

Figure 12.13 Internal Clock Switchingand TCNTV Operation

Rev. 3.00 Sep. 10, 2007 Page 198 of 528
REJ09B0216-0300 RENESAS



— Independently assignable output compare or input capture functions

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

e 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_0 and _1 (TCNT_0 and 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.
e 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
e Any initial timer output value can be set

e Output of the timer is disabled by external trigger
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vaptul v 1o yliviviv)

Buffer register

GRC_0, GRD_0

GRC_1, GRD_1

I/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

Compare match/input cag
GRA_1, GRB_1, GRC_1,

GRD_0 GRD_1
Compare O output  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 AO Compare match/input car
to DO to D1
Overflow Overflow
Underflow
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9, 0/2,

/4, /8
—>
TSTR | TMDR
Chgnnel 0 Chgnnel 1 MR | TFCR
timer timer
TOER | TOCR
< Module data bus
[Legend]
TSTR: Timer start register (8 bits)
TMDR: Timer mode register (8 bits)
TPMR: Timer PWM mode register (8 bits)
TFCR:  Timer function control register (8 bits)
TOER: Timer output master enable register (8 bits)
TOCR: Timer output control register (8 bits)
ADTRG: A/D conversion start trigger output signal
ITMZ0: Channel 0 interrupt
ITMZ1: Channel 1 interrupt

Figure13.1 Timer Z Block Diagram
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TCNT_O
GRA_O
GRB_0
GRC_0
GRD_0
TCR_O
TIORA_O
TIORC_O
TSR_0
TIER_O

POCR_0

00000000040

< Module data bus

[Legend]

TCNT_O: Timer counter_0 (16 bits)

GRA_0, GRB_0, General registers A_0, B_0, C_0, and D_0 (input capture/output compare registers:
GRC_0, GRD_0: 16 bits x 4)

TCR_O: Timer control register_0 (8 bits)

TIORA_O: Timer /O control register A_0 (8 bits)

TIORC_O: Timer I/O control register C_0 (8 bits)

TSR_0: Timer status register_0 (8 bits)

TIER_O: Timer interrupt enable register_0 (8 bits)
POCR_0: PWM mode output level control register_0 (8 bits)
ITMZ0: Channel 0 interrupt

Figure13.2 Timer Z (Channel 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

00000000040

Module data bus

[Legend]
TCNT_1:
GRA_1, GRB_1,
GRC_1, GRD_1:
TCR_1:
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 4)

Timer control register_1 (8 bits)

Timer /O control register A_1 (8 bits)

Timer I/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

Figure13.3 Timer Z (Channel 1) Block Diagram
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compare bl

Input capture Input, or FVVivl Ol

Input capture/output
compare CO

FTIOCO

Input/output

GRC_0 output compare outpu
input capture input, or PWM
synchronous output (in reset
synchronous PWM and compl
PWM modes)

Input capture/output
compare DO

FTIODO

Input/output

GRD_0 output compare outpu
input capture input, or PWM ol

Input capture/output
compare A1l

FTIOA1

Input/output

GRA_1 output compare outpu
input capture input, or PWM ol
reset synchronous PWM and

complementary PWM modes)

Input capture/output
compare B1

FTIOB1

Input/output

GRB_1 output compare outpu
input capture input, or PWM ol

Input capture/output
compare C1

FTIOCH

Input/output

GRC_1 output compare outpu
input capture input, or PWM ol

Input capture/output
compare D1

FTIOD1

Input/output

GRD_1 output compare outpu
input capture input, or PWM ol
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L -~

e Timer output control register (TOCR)

Channel 0

Timer control register_0 (TCR_0)

Timer I/O control register A_0 (TIORA_O)
Timer I/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)
General register D_0 (GRD_0)

Channel 1

Timer control register_1 (TCR_1)

Timer I/O control register A_1 (TIORA_1)
Timer I/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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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

13.32 Timer Mode Register (TMDR)

TMDR selects buffer operation settings and synchronized operation.

Initial
Bit Bit Name Value R/W Description
7 BFD1 0 R/W Buffer Operation D1
0: GRD_1 operates normally
1: GRB_1 and GRD_1 are used together for bufi
operation
6 BFCA1 0 R/W Buffer Operation C1
0: GRC_1 operates normally
1: GRA_1 and GRD_1 are used together for bufi
operation
5 BFDO 0 R/W Buffer Operation DO

0: GRD_0 operates normally

1: GRB_0 and GRD_0 are used together for bufi
operation
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counter
1: TCNT_1 and TCNT_0 are synchronized

TCNT_1 and TCNT_O can be pre-set or clee
synchronously

13.3.3 Timer PWM Mode Register (TPMR)
TPMR sets the pin to enter PWM mode.

Initial
Bit Bit Name Value R/W Description

7 — 1 — Reserved

This bit is always read as 1, and cannot be mo«
6 PWMD1 0 R/W PWM Mode D1

0: FTIOD1 operates normally

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«
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1: FTIOBO operates in PWM mode

13.3.4 Timer Function Control Register (TFCR)

TFCR selects the settings and output levels for each operating mode.

Initial
Bit Bit Name Value R/W Description
7 — 1 — Reserved
This bit is always read as 1.
6 STCLK 0 R/W External Clock Input Select
0: External clock input is disabled
1: External clock input is enabled
5 ADEG 0 R/W A/D Trigger Edge Select
A/D module should be set to start an A/D conver
the external trigger
0: A/D trigger at the crest in complementary PWi
1: A/D trigger at the trough in complementary PV
4 ADTRG 0 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
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O Initial output Is hign and the active level IS 10\
1: Initial output is low and the active level is hig

Figure 13.4 shows an example of outputs in re:
synchronous PWM mode and complementary |
mode when OLS1 = 0 and OLSO = 0.

CMD1
CMDO

0
0

R/W
R/W

Combination Mode 1 and 0
00: Channel 0 and channel 1 operate normally

01: Channel 0 and channel 1 are used together
operate in reset synchronous PWM mode

10: Channel 0 and channel 1 are used togethel
operate in complementary PWM mode (tra
the trough)

11: Channel 0 and channel 1 are used togethel
operate in complementary PWM mode (tra
the crest)

Note: When reset synchronous PWM mode or
complementary PWM mode is selected t
bits, this setting has the priority to the set
PWM mode by each bit in TPMR. Stop T
and TCNT_1 before making settings for
synchronous PWM mode or complement
mode.
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Counter phase " nitial
| output
—p

|

Active level

Reset synchronous PWM mode

output

WU ko mtal 4:_' !
, '
! T
I .

I Active level

Complementary PWM mode

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

Figure13.4 Example of Outputsin Reset Synchronous PWM Mode
and Complementary PWM M ode

13.35 Timer Output Master Enable Register (TOER)

TOER enables/disables the outputs for channel 0 and channel 1. When WKP4 is selected
inputs, if a low level signal is input to WKP4, the bits in TOER are set to 1 to disable the

for timer Z.
Initial
Bit Bit Name Value R/W Description
7 ED1 1 R/W Master Enable D1
0: FTIOD1 pin output is enabled according to the
TFCR, and TIORC_1 settings
1: FTIOD1 pin output is disabled regardless of tt
TFCR, and TIORC_1 settings (FTIOD1 pin is
as an I/O port).
6 EC1 1 R/W Master Enable C1

0: FTIOC1 pin output is enabled according to the
TFCR, and TIORC_1 settings

1: FTIOC1 pin output is disabled regardless of tt
TFCR, and TIORC_1 settings (FTIOC1 pin is
as an /O port).

Rev. 3.00 Sep. 10, 2007
REJ09B0216-0300

Page 210 of 528

RENESAS



1: FTIOA1 pin output is disabled regardless of |
TFCR, and TIORA_1 settings (FTIOA1 pin is
as an I/O port).

EDO

R/W

Master Enable DO

0: FTIODO pin output is enabled according to tt
TFCR, and TIORC_O settings

1: FTIODO pin output is disabled regardless of
TFCR, and TIORC_O settings (FTIODO pin i
as an I/O port).

ECO

R/W

Master Enable CO

0: FTIOCO pin output is enabled according to tt
TFCR, and TIORC_O settings

1: FTIOCO pin output is disabled regardless of
TFCR, and TIORC_0 settings (FTIOCO pin i
as an I/O port).

EBO

R/W

Master Enable BO
0: FTIOBO pin output is enabled according to tt
TFCR, and TIORA_O settings

1: FTIOBO pin output is disabled regardless of -
TFCR, and TIORA_O settings (FTIOBO pin is
as an I/O port).

EAO

R/W

Master Enable AO
0: FTIOAO pin output is enabled according to tt
TFCR, and TIORA_O settings

1: FTIOAO pin output is disabled regardless of -
TFCR, and TIORA_O settings (FTIOAO pin is
as an I/O port).
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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 FTIOAT 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 FTIOAOQ pin*
1: 1 output at the FTIOAO pin*

Note: * The change of the setting is immediately reflected in the output value.
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bit units; they must always be accessed as a 16-bit unit. TCNT is initialized to H'0000.

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

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

The values in GR and TCNT are constantly compared with each other when the GR reg
used as output compare registers. When the both values match, the IMFA to IMFD flag:
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 afte
external signals. At this point, IMFA to IMFD flags in 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 mode is se
values in TIORA and TIORC are ignored. 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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Dt

010: Clears TCNT by GRB compare match/inpui
capture*'

011: Synchronization clear; Clears TCNT in sync
with counter clearing of the other channel’s

100: Disables TCNT clearing

101: Clears TCNT by GRC compare match/inpu
capture*'

110: Clears TCNT by GRD compare match/inpu
capture*'

111: Synchronization clear; Clears TCNT in sync
with counter clearing of the other channel’s

CKEGH1 0 R/W Clock Edge 1 and 0
3 CKEGO 0 R/W 00: Count at rising edge
01: Count at falling edge
1X: Count at both edges

2 TPSC2 0 R/W Time Prescaler 2 to 0
1 TPSCA1 0 R/W 000: Internal clock: count by ¢
0 TPSCO 0 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) pi

Notes: 1. When GR functions as an output compare register, TCNT is cleared by compe
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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Bit

Initial
Bit Name value

R/W

Description

— 1

Reserved
This bit is always read as 1.

I0B2
10B1 0
I0BO

R/W
R/W
R/W

1/0 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 fa

Reserved
This bit is always read as 1.
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101: Input capture to GRA at the falling edge
11X: Input capture to GRA at both rising and fall

[Legend] X: Don't care.

TIORC: TIORC selects whether GRC or GRD is used as an output compare register or ¢
capture register. When an output compare register is selected, the output setting is selecte
an input capture register is selected, an input edge of an input capture signal is selected. ]
also selects the function of FTIOC or FTIOD pin.

Initial
Bit Bit Name value R/W

Description

7 — 1 —

Reserved
This bit is always read as 1.

I0D2 0 R/W
I0D1 0 R/W
I0DO 0 R/W

1/0O Control D2 to DO

GRD is an output compare register:

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 fall
edges

Reserved

This bit is always read as 1.
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101: Input capture to GRC at the falling edge

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

[Legend] X: Don't care.
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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 UDF-

4 OVF 0 R/W Overflow Flag
[Setting condition]
e When the TCNT value underflows
[Clearing condition]
e When 0 is written to OVF after reading OVF:

3 IMFD 0 R/W Input Capture/Compare Match Flag D
[Setting conditions]
e When TCNT = GRD and GRD is functioning
compare register

e When TCNT value is transferred to GRD by |
capture signal and GRD is functioning as inp
capture register

[Clearing condition]

e When 0 is written to IMFD after reading IMFI
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e When 0 is written to IMFC after reading IMF

1 IMFB 0 R/W Input Capture/Compare Match Flag B
[Setting conditions]
¢ When TCNT = GRB and GRB is functioning
compare register

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

[Clearing condition]

e When 0 is written to IMFB after reading IMF

0 IMFA 0 R/W Input Capture/Compare Match Flag A
[Setting conditions]
¢ When TCNT = GRA and GRA is functioning
compare register
o When TCNT value is transferred to GRA by
capture signal and GRA is functioning as in
capture register
[Clearing condition]
e When 0 is written to IMFA after reading IMF
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 dis
1: Interrupt requests (IMID) by IMFD flag are en:

R/W

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

R/W

Input Capture/Compare Match Interrupt Enable |
0: Interrupt requests (IMIB) by IMFB flag are dis:
1: Interrupt requests (IMIB) by IMFB flag are ene

3 IMIED
2 IMIEC
1 IMIEB
0 IMIEA

R/W

Input Capture/Compare Match Interrupt Enable
0: Interrupt requests (IMIA) by IMFA flag are dis:
1: Interrupt requests (IMIA) by IMFA flag are enc
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0O: I'nhe output level or F 110D Is low-aclive
1: The output level of FTIOD is high-active

1 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

0 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 |

Figure13.5 Accessing Operation of 16-Bit Register (between CPU and TCNT (1

2. 8-bit register
Registers other than TCNT and GR are 8-bit registers that are connected internally wi
CPU in an 8-bit width. Figure 13.6 shows an example of accessing the 8-bit registers.

Internal data bus
H
c (T
L Bus interface . Module data bus
s < T

TSTR

Figure 13.6 Accessing Operation of 8-Bit Register (between CPU and TSTR (8
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Select counter clock

( Periodic counter )

Select counter clearing source | [2]

Select output compare register

Set period

(Free-running counter) [2]

(3]
(3]
[4] (4]
\
\
(5] (5]

Start count operation

TPSC2 to TP
TCR. When al
clock is select
the external cl
with bits CKE(
and CKEGO ir
For periodic ct
operation, sele
TCNT clearing
source with bi
CCLR2 to CC
TCR.
Designate the
register select
as an output ¢
register by me
TIOR.

Set the period
cycle in the ge
register select
in [2].

Set the STR b
to 1 to start th
operation.

Figure 13.7 Example of Counter Operation Setting Procedure
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HFFFF -~ —————— — — — — m — o m—m——— — o~ — — — — —

H'0000 ‘ ‘ > Time

STRO,
STR1

Figure 13.8 Free-Running Counter Operation

When compare match is selected as the 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 matches the value in GR, the IMFA, IMFB, IMFC, or IMFD flag in TSR is set to 1
TCNT is cleared to H'0000.

If the value of the corresponding IMIEA, IMIEB, IMIEC, or IMIED bit in TIER is 1 at tk
the timer Z requests an interrupt. After a compare match, TCNT starts an increment oper:
again from H'0000.

Figure 13.9 illustrates periodic counter operation.
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oln _—
' '
'

—
IMF &

Figure13.9 Periodic Counter Operation

2. TCNT count timing

A. Internal clock operation

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

Figure 13.10 illustrates this timing.

S eEnlcEnlnicEnlnl

(@
Internal clock
(C | R _

)
oo —— | g « |
(C (C
TCNT N-1 >@() N ()() >
B) )

Figure13.10 Count Timing at Internal Clock Operation
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External clock input pin
5

TCNT input ()()
[

TCNT N-1 >< ()() N >< N-
D)

Figure13.11 Count Timing at External Clock Operation (Both Edges Detect
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e

match occurs.
[2] Set the timing for compare match
generation in GRA/GRB/GRC/GRD.
Set output timing 2] [38] Enable or disable the timer output by
TOER.
[4] Setthe STR bitin TSTR to 1 to start the
TCNT count operation.

D

Select wavelorm output moade | 1]

Enable waveform output [3]

Start count operation [4]

"

<Waveform output>

Figure 13.12 Example of Setting Procedure for Waveform Output by Compar ¢

Examples of waveform output operation
Figure 13.13 shows an example of 0 output/1 output.

In this example, TCNT has been designated as a free-running counter, and settings h
made such that O is output by compare match A, and 1 is output by compare match I
the set level and the pin level coincide, the pin level does not change.
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oo

FTIOA

No change

No change

No change

No change

N

N

Figure 13.13 Example of 0 Output/1 Output Operation

Figure 13.14 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.

TCNT value
A
(€131 = T el e ” R - ==
GRA [~ I S R (i
I I I
I I I
I I I
H'0000 f f f p- Time
I I I
I I I
I | I
I I I
FTIOB I I I Toggle outr
T I T
I I I
I I I
FTIOA
Toggle outy

Figure 13.14 Example of Toggle Output Operation
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TCNT input

TCNT N >< N+1

GR N

Compare match
signal

FTIOA to FTIOD ><

Figure 13.15 Output Compare Timing

13.4.3 Input Capture Function

The TCNT value can be transferred to GR on detection of the input edge of the input
capture/output compare pin (FTIOA, FTIOB, FTIOC, or FTIOD). Rising edge, falling e
both edges can be selected as the detected edge. When the input capture function is usec
width or period can be measured.

Figure 13.16 shows an example of the input capture operation setting procedure.
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:

<Input capture operation>

Figure13.16 Example of Input Capture Operation Setting Procedure
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H'0005
H'0000

FTIOB

FTIOA

GRA

GRB

E >< H'0005
>< >< H'0180

Figure13.17 Example of Input Capture Operation
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Input capture signal

TCNT

GR ><N

Figure 13.18 Input Capture Signal Timing
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Yviviivit

Set synchronous
operation

(Synchronous presetting>

‘ Set TCNT | [2]

( Synchronous clearing >

Clearing
source generation

No

channel?

Select counter
clearing source

Select counter
clearing source

Start counter operation

Start counter operati

\
<Synchronous presetting>

(1]

[2]
other TCNT counter.
[3]
[4]
[5] Set the STR bitin TSTR t

'

<Counter clearing>

Set the SYNC bits in TMDR to 1.
When a value is written to either of the TCNT counters, the same value is simultaneously written to t

o 1 to start the count operation.

'

<Synchronous clearin

Set bits CCLR1 and CCLRO in TCR to specify counter clearing by compare match/input capture.
Set bits CCLR1 and CCLRO in TCR to designate synchronous clearing for the counter clearing sourc

Figure13.19 Example of Synchronous Operation Setting Procedure

RENESAS
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Ly Hiviitviivde Libdlitly vy HEUn_V Lvdvliipats thdtutt

A
GRAD  frmmmmmm oo
(17N I SRC] SEPERCPLREEES okl SECECEEEPRES bt SECE
ST R S— A T R A T - -
e e e o e
H'0000 - : — : E— : > Time
FTIOBO 5 E 5 E 5 5
FTIOB1
Figure 13.20 Example of Synchronous Operation
1345 PWM Mode

In PWM mode, PWM waveforms are output from the FTIOB, FTIOC, and FTIOD outpu
with GRA as a cycle register 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 13.3
example of the initial output level of the FTIOBO pin.

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

Figure 13.21 shows an example of the PWM mode setting procedure.
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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]

(5]

(6]

(71

8]

(1]

[2]
(3]

(5]
(6]
[7]
(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 PWMBO0
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.

Figure 13.21 Example of PWM M ode Setting Procedure
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T 7 S S S 7S S N A s 72
FTIOB i i |

FTIOC | | | | E_
FTIOD _I _I _I -

Figure 13.22 Example of PWM Mode Operation (1)
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GRD i»// ----- R e e B R A B2
H'OOOO : 1 1 : 1 1 : 1 1 -

P Time

FTIOB

FTIOC

s S R R

Figure 13.23 Example of PWM Mode Operation (2)

Figures 13.24 (when TOB, TOC, and TOD = 0, POLB, POLC, and POLD = 0) and 13.2
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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When cycle register and duty register compare matches
occur simultaneously, duty register compare match has

TCNT value priority.

GRB rewritten

GRA
GRB rewritten
GRB
H'0000 t t Time
' '
' '
' '
FTIOB H 100% duty |
When cycle register and duty register compare matches
occur simultaneously, duty register compare match has
priority.
TCNT value
I L ) T T ,
GRB rewritten 1+ GRB rewritten !
GRA -—-
GRB rewritten
GRB
H'0000 f > Time
'
|
FTIOB ! 100% duty 0% duty

Figure 13.24 Example of PWM Mode Operation (3)
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When cycle register and duty register compare matches
occur simultaneously, duty register compare match has
priority.

TCNT value
GRB rewritten

GRA

GRB rewritten

GRB
H'0000 t
'
|
FTIOB , 100% duty
When cycle register and duty register compare matches
occur simultaneously, duty register compare match has
priority.
TCNT value
GRB rewritten C,)EERB rewritten H
'
GRA  [-------(O-----A-- e -
'
GRB rewritten
GRB
H'0000 t t » Time
i : 1
1 | |
FTIOB 100% duty 0% duty

Figure 13.25 Example of PWM Mode Operation (4)
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L4

Channel Pin Name Input/Output Pin Function

0 FTIOCO Output Toggle output in synchronous with PWM cycls

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 FTIOCAH Output PWM output 2 (counter-phase waveform of P
output 2)

1 FTIOB1 Output PWM output 3

1 FTIOD1 Output PWM output 3 (counter-phase waveform of P

output 3)

Table13.5 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 an
FTIODO.

GRA_1 Set a changing point of the PWM waveform output from pins FTIOA1 an
FTIOCH1.

GRB_1 Set a changing point of the PWM waveform output from pins FTIOB1 an
FTIOD1.
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Lcicll Luuliicl vicalllly suuivoc

| 2l

Set reset synchronous PWM mode | [4]
Initialize the output pin [5]

Set TCNT [6]

Set GR [7]

Enable waveform output [8]
Start counter operation [9]

!

<Reset synchronous PWM mode>

(4]

(5]
(6]

(7]

(8]

(9]

Select the reset synchronous PWM nr
with bits CMD1 and CMDO in TFCR.
FTIOBO to FTIODO and FTIOAT to
FTIOD1 become PWM output pins
automatically.

Set H'00 to TOCR.

Set TCNT_0 as H'0000. TCNT1 doe:
need to be set.

GRA_O is a cycle register. Set a cycl
GRA_O. Set the changing point timin
the PWM output waveform for GRB_(
GRA_1, and GRB_1.

Enable or disable the timer output by
TOER.

Set the STR bitin TSTR to 1 and star
counter operation.

Figure 13.26 Example of Reset Synchronous PWM M ode Setting Procedu
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FTIOBO : : L ; L |
FTIODO

FTIOA1 ~ ———— , R L
FTIOCt  ———— : : S

I e e M B
T

FTIOCO

Figure 13.27 Example of Reset Synchronous PWM Mode Operation (OLS0 = OL
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FTIOBO i E !—I i E !—I i E !—I

FTIODO

FTIOA1
FTIOCH

FTIOB1

FTIOD1

FTIOCO

Figure 13.28 Example of Reset Synchronous PWM M ode Operation (OLS0 = 0O

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. \
compare match occurs between TCNT_0 and GRA_O, 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, refer to section 13.4.8, Buffer Operation.
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Table 13.6 Output Pinsin Complementary PWM Mode

Channel Pin Name Input/Output Pin Function

0 FTIOCO Output Toggle output in synchronous with PWM cycls

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 FTIOC1 Output PWM output 2 (counter-phase waveform non-
overlapped with PWM output 2)

1 FTIOB1 Output PWM output 3

1 FTIOD1 Output PWM output 3 (counter-phase waveform non-

overlapped with PWM output 3)

Table13.7 Register Settingsin Complementary PWM Mode

Register Description

TCNT_O Initial setting of non-overlapped periods (non-overlapped periods are dif
with 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 an
FTIODO.

GRA_1 Set a changing point of the PWM waveform output from pins FTIOA1 an
FTIOCH1.

GRB_1 Set a changing point of the PWM waveform output from pins FTIOB1 an
FTIOD1.
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complementary PWM mode. FTIOBO to
Set complementary 4] FTIODO'and FTIOA1 to FTIOD1 '
PWM mode automatically become PWM output pins.
[5] Set H'00to TOCR.
| [6] TCNT_1 must be H'0000. Set a non-
overlapped period to TCNT_O.
[7] GRA_O is a cycle register. Set the cycle to
| GRA_O. Set the timing to change the
PWM output waveform to GRB_0, GRA_1,
Set TCNT [6] and GRB_1. Note that the timing must be
| set within the range of compare match
carried out for TCNT_0 and TCNT_1.
Set GR [7] For GR settings, see 3. Setting GR Value
in Complementary PWM Mode in section
| 13.4.7, Complementary PWM Mode.
[8] Use TOER to enable or disable the timer
Enable waveform output [8] output.
[9] Setthe STRO and STR1 bits in TSTR to 1
| to start the count operation.

Initialize output pin [5]

Start counter operation [0l

'

<Complementary PWM mode>

Note: To re-enter complementary PWM mode, first, enter a mode other than the complemert
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
in 2. Examples of Complementary PWM Mode Operation and 3. Setting GR Value in
Complementary PWM Mode in section 13.4.7, Complementary PWM Mode.

Figure 13.29 Example of Complementary PWM M ode Setting Procedur
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» L=l
PWM mode

<Normal operation>

Figure 13.30 Canceling Procedure of Complementary PWM M ode
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Time

»
Lo

H'0000

FTIOBO

FTIODO

FTIOA1

FTIOCO

Figure 13.31 Example of Complementary PWM M ode Operation (1)
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cycle waveform output, see 3.C., Outputting a waveform with a duty cycle of 0% and
section 13.4.7, Complementary PWM Mode.
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FTioso ] L R L don I R

FTIODO ‘I

—

0% duty

(a) When duty is 0%

TCNT values

A
GRAO

GRBO o -

H'0000
FTIOBO : L—
FTIODO ‘I

' 100% duty !

——

(b) When duty is 100%

Figure13.32 (1) Example of Complementary PWM Mode Oper ation
(TPSC2=TPSC1=TPSC0=0) (2)
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FTIOBO : ' I PR M B I I
FTIODO : :

' 0%duty

(a) When duty is 0%
TCNT values
A

1YY e Nl N el ) S
GRBO A J ¥
H'0000 . .
FTIOBO ; ;
FTIODO ‘I : :

' 100% duty !

——

(b) When duty is 100%

Figure13.32 (2) Example of Complementary PWM Mode Oper ation
(TPSC2=TPSC1=TPSCO0=0) (3)
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IMFA

C
Set to 1 )

Flag is not set
Buffer transfer signal

)

D

o X

Transferred
to buffer

L —
— |

Q

Not transferred
to buffer

Figure 13.33 Timing of Overshooting

TCNT >< H'0001 >< H'0000 >< H'FFFF>< H'0000>< H'0001

Flag is not set
)

Setto 1

Buffer transfer signal

o X\
Transferred \/
to buffer
Not transferred
to buffer

Figure 13.34 Timing of Undershooting
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H'FFFC or less. When TPSC2 = TPSC1 = TPSCO = 0, the GRA_0 value can b
H'FFFF or less.

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

¢. 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 registes
corresponding general registers.

B. Modifying the setting value

a. Writing to GR directly must be performed while the TCNT_1 and TCNT_0 ve
should satisfy the following expression: H'0000 < TCNT_1 < previous GR val
previous GR value < TCNT_0 < GRA_O0. Otherwise, a waveform 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, a v
is not output correctly.
H'0000<GR<T-1and GRA_0—-(T-1)<GR <GRA_0 when TPSC2 =T
TPSCO0 =0
H'0000 < GR<T -1 and GRA_0—- (T - 1) <GR < GRA_0 + 1 when TPSC2
=TPSCO0=0

c. Do not change settings of GRA_0 during operation.

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

a. Buffer operation is not used and TPSC2 = TPSC1 = TPSCO =0
Write H'0000 or a value equal to or more than the GRA_O value to GR directl
timing shown below.

e To output a 0%-duty cycle waveform, write a value equal to or more than the ¢
value while H'0000 < TCNT_1 < previous GR value

e To output a 100%-duty cycle waveform, write H'0000 while previous GR valu
TCNT_0<GRA_O
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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 13.4.8, Buffer Operation.

. Buffer operation is not used and other than TPSC2 = TPSC1 = TPSC0 =0
Write a value which satisfies GRA_0 + 1 < GR < HFFFF to GR directly at tl
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_0

To change duty cycles while a waveform with a duty 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 versa is not possible.

. Buffer operation is used and other than TPSC2 = TPSC1 = TPSC0 =0

Write a value which satisfies GRA_0 + 1 < GR < HFFFF to the buffer regist
waveform with a duty cycle of 0% can be output. However, a waveform with
cycle of 100% cannot be output using the buffer operation. Also, the buffer o
cannot be used to change duty cycles while a waveform with a duty cycle of
being output. For details on buffer operation, see section 13.4.8, Buffer Oper
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GRA GRC
GRB GRD

1. When GR is an output compare register

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

This operation is illustrated in figure 13.35.

Compare match signal

Buffer register General Comparator TCNT

register — — |

Figure 13.35 Compare Match Buffer Operation

2. When GR is an input capture register
When an input capture occurs, the value in TCNT is transferred to the general registe:
value previously stored in the general register is transferred to the buffer register.

This operation is illustrated in figure 13.36.
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transferred to the general register in the following timing:
A. When TCNT_0 and GRA_O are compared and their contents match
B. When TCNT 1 underflows

Reset Synchronous PWM Mode

The value of the buffer register is transferred from compare match AO to the general
Example of Buffer Operation Setting Procedure

Figure 13.37 shows an example of the buffer operation setting procedure.

< Buffer operation ) [1] Designate GR as an input capture regist
or output compare register by means of
TIOR.
[2] Designate GR for buffer operation with b
Select GR function 1] BFD1, BFC1, BFDO, or BFCO in TMDR.

[3] Setthe STR bitin TSTR to 1 to start the
| count operation of TCNT.

Set buffer operation [2]

Start count operation [3]

:

<Buffer operation>

Figure 13.37 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

H'0200

H'0200

H'0250

H'0200

H'0200

Compare match A

Figure 13.38 Example of Buffer Operation (1)
(Buffer Operation for Output Compare Register)
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GRC N

GRA n >< N

Figure 13.39 Example of Compare Match Timing for Buffer Operation
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Counter is cleared by the input capture B

TCNT value /
H'0180 L S

L O O e

HO005 |- - - oo oo
H'0000

FTIOB

FTIOA A

GRA E >< H'0005 >< H'0160 ><
GRC >< >< H0005 >< H0160

GRB :>< >< H'0180
: : :

Input capture A

Figure13.40 Example of Buffer Operation (2)
(Buffer Operation for Input Capture Register)
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GRA

GRC

) J)
M >€( n c n><N

) D)
(C (C

m >€() M ()() M >< n
D P))

Figure13.41 Input Capture Timing of Buffer Operation
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to the saved location regardl|

(When restored, data will be
CMD1 and CMDO values)

GRB_0

TCNT_O

H'0999

—

PR Vi

]
h
|
h
h
h
|
h
h
h
b
\
h
h w
h
_ w -
| w -
| w T
" T
D Sl 2SS
vl.-|||||||. [«2]
1 1_ ' %
B ' <)
m m _.nnnnnnn“nnnnnnn.nn-nnn nunnnnnnnnn ......
' : >
h /A (A I Lo >
! "
! h
R\ JERO R A .
H DN o T [eT Tt
1 (o2 D
! 1 (o2 [«
' ' o o
- ! T T
S S 8 N i ]
< [} o m % o
o <] o o] o) =
S T T [

1)

CMDO

RENESAS

Figure 13.42 Buffer Operation (3)

(Buffer Operation in Complementary PWM Mode CMD1
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GRD_0

GRB_0

FTIOCO

FTIODO

| H'0000

H0999! | >< ' H'0000 >< ! 1H0999; H

Figure 13.43 Buffer Operation (4)
(Buffer Operation in Complementary PWM ModeCMD1=CMDO0=1)

RENESAS
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SR
Address bus X TOER address ><

TOER N >< H'FF
Timer Z, Timer output >< I/0 port
output pin \

e

Timer Z output | 1/0 port

Figure 13.44 Example of Output Disable Timing of Timer Z by Writingto TC
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D))
)
Timer Z .
output pin Timer Z output >< P 1/0 port
. D)
_>E<_

Timer Z output H 1/0 port

Figure 13.45 Example of Output Disable Timing of Timer Z by External Tri
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TFCR ><

Timer Z ><
output pin

Inverted

Figure13.46 Example of Output Inverse Timing of Timer Z by Writingto TF

4. Output Inverse Timing by POCR: The output level can be inverted by inverting the P
POLC, and POLB bits in POCR in PWM mode. Figure 13.47 shows the timing.

1 2
DR

S N U O R O A
Address bus X POCR address ><
TFCR ><

Timer Z ><
output pin

Inverted

Figure 13.47 Example of Output Inverse Timing of Timer Z by Writing to PC
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when the TCNT and GR matches, the compare match signal will not be generated u
TCNT input clock is generated. Figure 13.48 shows the timing to set the IMF flag.

: N I
TCNT input clock 4|—|

TCNT N >< N+1

GR N

Compare match

signal

IMF ;

IT™MZ

Figure 13.48 IMF Flag Set Timing when Compare Match Occurs
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TCNT N

o % .

ITMZ |

Figure13.49 IMF Flag Set Timing at Input Capture

3. Overflow Flag (OVF) Set Timing: The overflow flag is set to 1 when the TCNT over
Figure 13.50 shows the timing.

TSN [ s o B

TCNT H'FFFF >< H'0000
Overflow
signal

OVF

IT™MZ |

Figure13.50 OVF Flag Set Timing
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(Internal write signal) | L

IMF, OVF |

IT™MZ |

Figure13.51 StatusFlag Clearing Timing
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>< TCNT address ><

WTCNT
(internal write signal)

Counter clear signal

TCNT N H'0000

Clearing

Figure13.52 Contention between TCNT Write and Clear Operations

2. Contention between TCNT Write and Increment Operations: If increment is done in
a TCNT write cycle, TCNT writing has priority. Figure 13.53 shows the timing in thi:
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TCNT N A M

TCNT write data

Figure 13.53 Contention between TCNT Writeand Increment Operatior

3. Contention between GR Write and Compare Match: If a compare match occurs in th
of a GR write cycle, GR write has priority and the compare match signal is disabled.
13.54 shows the timing in this case.

GR write cycle

T+ T2
| — | —>

GR address
WGR |—|
(internal write signal)
TCNT N >< N+1
GR N >< ~ M

GR write data

Compare match ! [ S Disabled

signal

Figure13.54 Contention between GR Write and Compare Match
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WTCNT
(internal write signal)

TCNT input clock

]

Overflow signal

TCNT HFFFF >< M

TCNT write data

OVF |

Figure 13.55 Contention between TCNT Write and Overflow

Rev. 3.00 Sep. 10, 2007 Page 270 of 528
REJ09B0216-0300 RENESAS



Internal read
signal

Input capture
signal

GR

Internal data
bus

Figure 13.56 Contention between GR Read and Input Capture

RENESAS
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Counter clear signal | |

TCNT input clock
TCNT N >< H'0000
GR >< N

Clearing t

Figure 13.57 Contention between Count Clearing and I ncrement Oper atior
by Input Capture
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WGR | |
(internal write signal)

Input capture

signal

TCNT N

GR >< M\

GR write data

Figure 13.58 Contention between GR Writeand Input Capture

8. Notes on Setting Reset Synchronous PWM Mode/Complementary PWM Mode: Wh
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 mode to complementary PWM
vice versa is disabled. Set reset synchronous PWM mode or complementary PW
after the normal operation (bits CMD1 and CMDO are cleared to 0) has been set.
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is to be written to while compare match is operating, stop the counter once before acc
TOCR, read the port 6 state to reflect the values of FTIOAOQ to FTIODO and FTIOA1
FTIODI output, to TOAO to TODO and TOA1 to TOD1, and then restart the counter.
13.59 shows an example when the compare match and the bit manipulation instructio
TOCR occur at the same timing.

TOCR has been set to H'06. Compare match BO and compare match CO are used. The FTIOBO pin is in the 1 output state,
and is set to the toggle output or the 0 output by compare match BO.

When BCLR#2, @ TOCR is executed to clear the TOCO bit (the FTIOCO signal is low) and compare match BO occurs

at the same timing as shown below, the H'02 writing to TOCR has priority and compare match BO does not drive the FTIOE
the FTIOBO signal remains high.

Bit 7 6 5 4 3 2 1 0
TOCR TOD1 TOC1 TOB1 TOA1 TODO TOCOo TOBO TOAO
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

Ty

TOCR
write signal

Compare match
signal BO

FTIOBO pin

N

------------------------------------------- Expecte
Remains high because the 1 writing to TOB has priority

Figure 13.59 When Compare Match and Bit Manipulation Instruction to TO
Occur at the Same Timing
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o — | Pss TCWD

TMWD

[Legend] \‘ Internal reset

Internal data |

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

TMWD:  Timer mode register WD

Figure14.1 Block Diagram of Watchdog Timer

141  Features

e Selectable from nine counter input clocks.

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

e Reset signal generated on counter overflow
An overflow period of 1 to 256 times the selected clock can be set.
e The watchdog timer is enabled in the initial state.

It starts operating after the reset state is canceled.
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LTLCOIR WD periorms tne 1COSRWL and 1CwWLD WITIE CONrol. 1CO R VLD also controls tne
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 setti

Initial
Bit Bit Name Value R/W Description
7 B6WI 1 R/W Bit 6 Write Inhibit
The TCWE bit can be written only when the writs
the B6WI bit is 0.
This bit is always read as 1.
6 TCWE 0 R/W Timer Counter WD Write Enable
TCWD can be written when the TCWE bit is set
When writing data to this bit, the value for bit 7 n
5 B4WI 1 R/W Bit 4 Write Inhibit
The TCSRWE bit can be written only when the v
value of the B4WI bit is 0. This bit is always reac
4 TCSRWE 0 R/W Timer Control/Status Register WD Write Enable
The WDON and WRST bits can be written when
TCSRWE bit is set to 1.
When writing data to this bit, the value for bit 5 n
3 B2WI 1 R/W Bit 2 Write Inhibit

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

This bit is always read as 1.
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[Clearing condition]

e When 0 is written to the WDON bit and 0 is
the B2WI bit while the TCSRWE bit = 1

1 BOWI 1 R/W Bit 0 Write Inhibit
This bit can be written to the WRST bit only wh
write value of the BOWI bit is 0. This bit is alwa
1.

0 WRST 0 R/W Watchdog Timer Reset

[Setting condition]

e When TCWD overflows and an internal rese
generated

[Clearing conditions]

e Reset by the RES pin

e When 0 is written to the WRST bitand 0 is !
the BOWI bit while the TCSRWE bit = 1
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Bit Bit Name Value

R/W Description
7to4 — All 1 — Reserved
These bits are always read as 1.
3 CKS3 1 R/W Clock Select 3to 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: WDT dedicated internal oscillator

For the overflow periods of the WDT dedicated i
oscillator, see section 22, Electrical Characterist

[Legend]X: Don't care.
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rigure 14.2 shows an example ol watchdog timer operation.

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

4% 108
8192

x 30 x 107° = 14.6

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

TCWD overflow

TCWD

H'F1 written  H'F1 written to TCWD Reset generated
to TCWD
Internal reset | |
signal
-

256 ¢ogc clock cycles

Figure 14.2 Watchdog Timer Operation Example
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e Pulse division method for less ripple

>

PWCR

PWDRL

Internal data bus

PWDRU

<

0/4 ————>
PWM waveform PWM
o2 R generator

[Legend]

PWCR: PWM control register
PWDRL: PWM data register L
PWDRU: PWM data register U
PWM: PWM output pin

Figure15.1 Block Diagram of 14-Bit PWM
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FVWULKR SEIECES the conversion period.

Initial
Bit Bit Name Value R/W Description
7to1 — All 1 — Reserved
These bits are always read as 1, and cannot be
0 PWCRO 0 R/W Clock Select

0: The input clock is ¢/2 (td = 2/¢)
— The conversion period is 16384/¢, with
modulation width of 1/¢
1: The input clock is ¢/4 (to = 4/9)
— The conversion period is 32768/¢, with
modulation width of 2/¢

[Legend]
to: Period of PWM clock input

1532 PWM DataRegistersU and L (PWDRU, PWDRL)

PWDRU and PWDRL indicate high level width in one PWM waveform cycle. PWDRI
PWDRL are 14-bit write-only registers, with the upper 6 bits assigned to PWDRU and t
bits to PWDRL. When read, all bits are always read as 1.

Both PWDRU and PWDRL are accessible only in bytes. Note that the operation is not
if word access is performed. When 14-bit data is written in PWDRU and PWDRL, the
are latched in the PWM waveform generator and the PWM waveform generation data is
When writing the 14-bit data, the order is as follows: PWDRL to PWDRU.

PWDRU and PWDRL are initialized to H'C000.
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One conversion period consists of 64 pulses, as shown in figure 15.2. The total high-leve
during this period (T,) corresponds to the data in PWDRU and PWDRL. This relation cz
expressed as follows:

T, = (data value in PWDRU and PWDRL + 64) x t¢/2

where t¢ is the period of PWM clock input: 2/¢ (bit PWCRO = 0) or 4/¢ (bit PWCRO = 1’
If the data value in PWDRU and PWDRL is from H'FFCO to H'FFFF, the PWM output s
When the data value is H'C000, T, is calculated as follows:

T, =64 xtp/2 =321t}

Conversion period

tf1 tf2 tf63 tf64

tH1 tH2 tH3 t H63 tH64

TH=tH1+tH2+tH3 + - +tHe4
tf =tf2=tf3 = =tf64

Figure 15.2 Waveform Output by 14-Bit PWM
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explanations are not given in this section.

16.1 Features

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

The transmitter and receiver are mutually independent, enabling transmission and re
be executed simultaneously.

Double-buffering is used in both the transmitter and the receiver, enabling continuot
transmission and continuous reception of serial data.

e On-chip baud rate generator allows any bit rate to be selected
e External clock or on-chip baud rate generator can be selected as a transfer clock sous
o Six interrupt sources

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

Asynchronous mode

e Data length: 7 or 8 bits

e Stop bit length: 1 or 2 bits

e Parity: Even, odd, or none

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

e Break detection: Break can be detected by reading the RxD pin level directly in the ¢
framing error
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TDR HFFAB

SSR HFFAC
RDR HFFAD
RSR —
TSR —
Channel 2 SCI3_2 SCK3_2 SMR_2 HF740
_'?))((g:; BRR_2 HF741
SCR3_2 HF742
TDR_2 HF743
SSR_2 HF744
RDR_2 HF745
RSR_2 —
TSR_2 —

Note: * The channel 1 of the SCI3 is used in on-board programming mode by boot mo

Rev. 3.00 Sep. 10, 2007 Page 286 of 528
REJ09B0216-0300 RENESAS



XD o<——| TSR |<—| TDR

RXD O——>| RSR I—’l RDR

[Legend]

RSR:  Receive shift register
RDR:  Receive data register
TSR: Transmit shift register
TDR: Transmit data register
SMR:  Serial mode register
SCRS3: Serial control register 3
SSR:  Serial status register
BRR: Bit rate register

BRC: Bit rate counter

Interrupt request
(TEI, TXI, RXI, EI

Figure16.1 Block Diagram of SCI3

RENESAS
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o Serial status register (SSR)
o Bit rate register (BRR)

16.3.1 Receive Shift Register (RSR)

RSR is a shift register that is used to receive serial data input from the RxD pin and con
parallel data. When one frame of data has been received, it is transferred to RDR autom:
RSR cannot be directly accessed by the CPU.

16.3.2 Receive Data Register (RDR)

RDR is an 8-bit register that stores received data. When the SCI3 has received one fran
data, it transfers the received serial data from RSR to RDR, where it is stored. After this
receive-enabled. As RSR and RDR function as a double buffer in this way, continuous r
operations are possible. After confirming that the RDRF bit in SSR is set to 1, read RDI
once. RDR cannot be written to by the CPU. RDR is initialized to H'00.

16.3.3 Transmit Shift Register (TSR)

TSR is a shift register that transmits serial data. To perform serial data transmission, the
transfers transmit data from TDR to TSR automatically, then sends the data that starts fi
LSB to the TXD pin. TSR cannot be directly accessed by the CPU.
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10.5.0 oerial Mode Register (SVIR)

SMR is used to set the SCI3’s serial transfer format and select the baud rate generator clc

source.
Initial

Bit Bit Name Value R/W Description

7 COM 0 R/W Communication Mode
0: Asynchronous mode
1: Clock synchronous mode

6 CHR 0 R/W Character Length (enabled only in asynchronous
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 mc
When this bit is set to 1, the parity bit is added fc
data before transmission, and the parity bit is ch
reception.

4 PM 0 R/W Parity Mode (enabled only when the PE bit is 1 i

asynchronous mode)
0: Selects even parity.
1: Selects odd parity.
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vvnhen this DIt Is set to 1, the multiprocessor
communication function is enabled. The PE bit
bit settings are invalid in multiprocessor mode.
synchronous mode, clear this bit to 0.

CKS1
CKSO0

0
0

R/W
R/W

Clock Select 0 and 1

These bits select the clock source for the baud
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 registe
and the baud rate, see section 16.3.8, Bit Rate
(BRR). n is the decimal representation of the v
BRR (see section 16.3.8, Bit Rate Register (BF
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6 RIE

R/W

Receive Interrupt Enable

When this bit is set to 1, RX| and ERI interrupt re
are enabled.

R/W

Transmit Enable
When this bit s set to 1, transmission is enabled.

R/W

Receive Enable
When this bit is set to 1, reception is enabled.

3 MPIE

R/W

Multiprocessor Interrupt Enable (enabled only wi
MP bit in SMR is 1 in asynchronous mode)

When this bit is set to 1, receive data in which th
multiprocessor bit is 0 is skipped, and setting of
RDRF, FER, and OER status flags in SSR is dis
On receiving data in which the multiprocessor bi
bit is automatically cleared and normal reception
resumed. For details, refer to section 16.6, Multi
Communication Function.

2 TEIE

R/W

Transmit End Interrupt Enable
When this bit is set to 1, TEl interrupt request is
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Inputs a clock with a frequency 16 times the
from the SCKS3 pin.

11:Reserved

¢ Clock synchronous mode

00: On-chip clock (SCK3 pin functions as clock
01: Reserved

10: External clock (SCK3 pin functions as clock
11: Reserved
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e \VWhenthe IEDITIN OURS ISV

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

e When 0 is written to TDRE after reading TDF
¢ When the transmit data is written to TDR

6 RDRF 0 R/W

Receive Data Register Full

Indicates that the received data is stored in RDF

[Setting condition]

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

[Clearing conditions]

e When 0 is written to RDRF after reading RDI

e When data is read from RDR

5 OER 0 R/W

Overrun Error

[Setting condition]

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

e When 0 is written to OER after reading OER

4 FER 0 R/W

Framing Error

[Setting condition]

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

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

[Clearing conditions]
¢ When 0 is written to TDRE after reading TD

e When the transmit data is written to TDR

1 MPBR 0 R Multiprocessor Bit Receive

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

0 MPBT 0 R/W Multiprocessor Bit Transfer

MPBT stores the multiprocessor bit to be adde«
transmit character data.

Rev. 3.00 Sep. 10, 2007 Pag
RENESAS REJOC



[Asynchronous M ode]

N= & 1001

64 x 221« B

{ ¢ x 108
(N + 1) x B x 64 x 2271

Error (%) = - 1} x 100

[Clock Synchronous Mode]

Nz ©  ,106-1
8 x22n-1x B

[Legend]
B: Bit rate (bit/s)
N: BRR setting for baud rate generator (0 < N < 255)
¢: 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 7
2400 0 25 0.16 0 26 1.14 0 31 0.00 0 3¢
4800 0 12 0.16 0 13 248 0 15 0.00 0 1¢
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 -18.62 0 1 -1467 O 1 0.00 — =
Operating Frequency ¢ (MHz)
3.6864 4 4.9152

Bit Rate Error Error Error

(bits/s) n N (%) n N (%) n N (%) n N
110 2 64 0.70 2 70 0.03 2 86 0.31 2 8
150 1 191 0.00 1 207 0.16 1 255 0.00 2 6
300 1 95 0.00 1 103 0.16 1 127 0.00 1 1
600 0 191 0.00 0 207 0.16 0 255 0.00 1 6
1200 0 95 0.00 0 103 0.16 0 127 0.00 0 1
2400 0 47  0.00 0 51 0.16 0 63 0.00 0 6
4800 0 23 0.00 0 25 0.16 0 31 0.00 0 3
9600 0 11 0.00 0 12 0.16 0 15 0.00 0 1!
19200 0 5 0.00 0 -6.99 0 0.00 0 7
31250 —_ - - 0 0.00 0 -1.70 0 4
38400 0 2 0.00 0 8.51 0 0.00 0 3
[Legend]

—: A setting is available but error occurs
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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
Operating Frequency ¢ (MHz)

8 9.8304 10 1
Bit Rate Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N
110 2 141 0.03 2 174 -0.26 2 177 -025 2 21
150 2 103 0.16 2 127 000 2 129 0.16 2 15!
300 1 207 0.16 1 255 0.00 2 64 0.16 2 77
600 1 103 0.16 1 127 0.00 1 129 0.16 1 15!
1200 0 207 0.16 O 255 0.00 1 64 0.16 1 77
2400 0 103 0.16 O 127 000 O 129 0.16 O 15!
4800 0 51 016 O 63 000 O 64 016 O 77
9600 0 25 016 O 31 000 O 32 -1.36 0 38
19200 0 12 016 O 15 000 O 15 173 0 19
31250 0 7 000 O 9 -1.70 0 9 000 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 1
2400 0 159 0.00 O 181 0.16 0 191 0.00 O 2(
4800 0 79 000 O 90 016 O 95 000 O 1
9600 0 39 000 O 45 -0.93 0 47 0.00 O 5
19200 0 19 000 O 22 093 0 23 000 O 2!
31250 0 11 240 O 13 000 O 14 -1.70 0 1!
38400 0 9 0.00 — — — 0 11 0.00 O 1
Operating Frequency ¢ (MHz)
18 20
Bit Rate Error Error
(bit/s) n N (%) n N (%)
110 3 79 -0.12 3 88 -0.25
150 2 233 0.16 3 64 0.16
300 2 116 0.16 2 129 0.16
600 1 233 0.16 2 64 0.16
1200 1 116 0.16 1 129 0.16
2400 0 233 0.16 1 64 0.16
4800 0 116 0.16 0 129 0.16
9600 0 58 —0.96 0 64 0.16
19200 0 28 1.02 0 32 -1.36
31250 0 17 0.00 0 19 0.00
38400 0 14 —2.34 0 15 1.73
[Legend]
—: A setting is available but error occurs.
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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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5k 0 99 0 199 1 99 1 124 1
10k 0 49 0 99 0 199 0 249 1
25k 0 19 0 39 0 79 0 99 0
50k 0 0 19 0 39 0 49 0
100k 0 0 0 19 0 24 0
250k 0 0 0 0 0
500k 0 0 0 1 0 0 0
1M 0 0* 0 — — 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.

RENESAS
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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
4Mm — — — —
[Legend]

Blank: No setting is available.

*;

A setting is available but error occurs.
Continuous transfer is not possible.
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Serial | Start | Transmit/receive data |P_ar|ty| Stop bit Mark st
data | bit bit

T T T
1 bit 7 or 8 bits 1 bit 1or
ornone 2 bits

One unit of transfer data (character or frame)

Figure 16.2 Data Format in Asynchronous Communication

16.4.1 Clock

Either an internal clock generated by the on-chip baud rate generator or an external cloc
the SCK3 pin can be selected as the SCI3’s serial clock, according to the setting of the (
SMR and the CKEO and CKEI1 bits in SCR3. When an external clock is input at the SCI
clock frequency should be 16 times the bit rate used.

When the SCI3 is operated on an internal clock, the clock can be output from the SCK3
frequency of the clock output in this case is equal to the bit rate, and the phase is such tt
rising edge of the clock is in the middle of the transmit data, as shown in figure 16.3.

Clock|I|I|I|Illlllllllllllllllllllll

Serial data |0|D0|D1|D2|D3|D4|D5|D6|D7|0/1|1 1

| 1 character (frame)

Figure 16.3 Relationship between Output Clock and Transfer Data Phas
(Asynchronous M ode) (Example with 8-Bit Data, Parity, Two Stop Bits)
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( Start initialization

| Clear TE and RE bits in SCR3 0 0

Set CKE1 and CKEO bits in SCR3

Set data transfer format in SMR

Set value in BRR

Wait

[

[2]

[3]

1-bit interval elapsed?

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

also set the TxD bit in PMR1.

<Initialization completion>

No

[4]

(1]

(2]
(3]

(4]

Set the clock selection in SCR3.
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.

Figure16.4 Sample SCI3 Initialization Flowchart

Rev. 3.00 Sep. 10, 2007 Page 304 of 528
REJ09B0216-0300

RENESAS



e S

The SCI3 checks the TDRE flag at the timing for sending the stop bit.
If the TDRE flag is 0, the data is transferred from TDR to TSR, the stop bit is sent,
serial transmission of the next frame is started.

If the TDRE flag is 1, the TEND flag in SSR is set to 1, the stop bit is sent, and then
state” is entered, in which 1 is output. If the TEIE bit in SCR3 is set to 1 at this time
interrupt request is generated.

Figure 16.6 shows a sample flowchart for transmission in asynchronous mode.

Start Transmit Parity Stop Start Transmit Parity Stop Ma

bit data bit  bit  bit data bit  bit sta
Serial 1 1o foo|b1]  |p7flo1]| 1 ]o[po|lp1]  |p7[on] 4 1
data it Tt

| 1 frame | 1 frame |
I I

TDRE —|—|—¢ [ ¢
TEnD 4 P ! , [

LSl TXI interrupt TDRE flag TXI interrupt request generated TEl interrupt re
operation request cleared to 0 generated
User generated Data written

processing to TDR

Figure 16.5 Example of SCI3 Transmission in Asynchronous Mode
(8-Bit Data, Parity, One Stop Bit)
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[2]

All data transmitted?

No

iy

| Read TEND flag in SSR |

Yes

Break output?

Yes

(3]

Clear PDR to 0 and
set PCR to 1

Clear TE bit in SCR3to 0

<End>

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

Figure 16.6 Sample Serial Transmission Data Flowchart (Asynchronous Mo
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RDR. If the RIE bit in SCR3 is set to 1 at this time, an ERI interrupt request is gener
If a framing error is detected (when the stop bit is 0), the FER bit in SSR is set to 1 a
data is transferred to RDR. If the RIE bit in SCR3 is set to 1 at this time, an ERI inte
request is generated.

If reception is completed successfully, the RDRF bit in SSR is set to 1, and receive c
transferred to RDR. If the RIE bit in SCR3 is set to 1 at this time, an RXT interrupt r
generated. Continuous reception is possible because the RXI interrupt routine reads
data transferred to RDR before reception of the next receive data has been complete

Start Receive Parity Stop Start Receive Parity Stop  Mark state
bit data bit  bit bit data bit  bit (idle state)
Serial 1 o [po]p1]  [p7]oa] 1|0 [polp1]  [p7|o] o] 1
data it it
| 1 frame | 1 frame |
I~ I |
RDRF | I N |
FER " 1 f " |
LSI RXlI request RDRF 0 stop bit  ER
operation cleared to 0 detected res
frai
User RDR data read Fre
processing pre

Figure 16.7 Example of SCI3 Reception in Asynchronous Mode
(8-Bit Data, Parity, One Stop Bit)
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Transferred to RDR Framing error + parity

0 0 1 0 Transferred to RDR  Framing error

0 0 0 1 Transferred to RDR  Parity error

1 1 1 0 Lost Overrun error + frami
1 1 0 1 Lost Overrun error + parity
0 0 1 1

1 1 1 1

Lost Overrun error + frami
parity error

Note: * The RDRF flag retains the state it had before data reception.
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Read RDRF flag in SSR | = the error. After peFforming the
appropriate error processing, e
that the OER, PER, and FER fl
all cleared to 0. Reception can
resumed if any of these flags a
1. In the case of a framing errc
break can be detected by readi
value of the input port correspo
the RxD pin.

[3]

Clear RE bit in SCR3 to 0 |

<End>

Figure 16.8 Sample Serial Reception Data Flowchart (Asynchronous Mode
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Yes
Break?

No

Framing error processing

No

Parity error processing

Clear OER, PER, and
FER flags in SSR to 0

<End>

Figure 16.8 Sample Serial Reception Data Flowchart (Asynchronous M ode)
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have a double-buffered structure, so data can be read or written during transmission or r
enabling continuous data transfer.

8 bits

One unit of transfer data (character or frame)

* #

SynchronizationIllllllllllllllllll
clock

| LSB MSB
Serial data i XBito X Bit1 X Bit2 X Bit 3 X Bit4 X Bit5 X Bit6 X Bit7 X
| ' Co

Don’t care Don’t care

Note: * High except in continuous transfer

Figure 16.9 Data Format in Clock Synchronous Communication

16.5.1 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
bit in SMR and CKEQ and CKEI bits in SCR3. When the SCI3 is operated on an intern:
the synchronization clock is output from the SCK3 pin. Eight synchronization clock pul
output in the transfer of one character, and when no transfer is performed the clock is fi:

16.5.2 SCl3Initialization

Before transmitting and receiving data, the SCI3 should be initialized as described in a s
flowchart in figure 16.4.
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has been specified. Serial data is transmitted sequentially from the LSB (bit 0), from t
pin.

. The SCI3 checks the TDRE flag at the timing for sending the MSB (bit 7).

5. If the TDRE flag is cleared to 0, data is transferred from TDR to TSR, and serial tran:

of the next frame is started.

6. If the TDRE flag is set to 1, the TEND flag in SSR is set to 1, and the TDRE flag mz
the output state of the last bit. If the TEIE bit in SCR3 is set to 1 at this time, a TEI 11
request is generated.

7. The SCK3 pin is fixed high at the end of transmission.

Figure 16.11 shows a sample flow chart for serial data transmission. Even if the TDRE fl
cleared to O, transmission will not start while a receive error flag (OER, FER, or PER) is
Make sure that the receive error flags are cleared to O before starting transmission.

Serial T\ |
A VAVA WAWA VAWAWVAVAWVE
Seral Bito X Bit1 X X Bit7 )X Bito X Bit1 X ‘:;XBite X Bit7

1 frame 1 frame

o [, ] "
TEND 1| 1 N f M I—

LSI TXI interrupt TDRE flag TXI interrupt request generated TEl interrupt requ

operation request cleared generated
generated to 0

User Data written

processing to TDR

Figure 16.10 Example of SCI3 Transmission in Clock Synchronous M ode
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[2] All data transmitted?

Yes

| Clear TE bitin SCR3 to 0

<End>

Figure16.11 Sample Serial Transmission Flowchart (Clock SynchronousM
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RDREF flag remains to be set to 1.

If reception is completed successfully, the RDRF bit in SSR is set to 1, and receive d:

transferred to RDR. If the RIE bit in SCR3 is set to 1 at this time, an RXI interrupt re
generated.

Serial

clock /_\_/_\ \_/_\_,,_/_\_/_\ \_/_\_/_\_/(’_\_/_\_/_\\_/
Serial ) —
data 3< Bit7 -

RDRF

gito X X Bit7 Bito X Bit1 X X Bite X Bit7><

1 frame 1 frame

OER

mi | "
;o : ..

—

LSl
operation

User
processing

| Ly | (

RXlinterrupt  RDRF flag RXI interrupt request generated
request cleared
generated to 0
RDR data read RDR data has
not been read
(RDRF = 1)

t

ERI interrt
generated
overrun er

Overrun el
processing

Figure 16.12 Example of SCI3 Reception in Clock Synchronous Mode
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No [3] To continue serial reception, before
fror processing MSB (bit 7) of the current frame is

(Continued below) reading the RDRF flag and reading

should be finished. When data is re

Read RDRF flag in SSR | [2] RDR, the RDRF flag is automaticall
cleared to 0.

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

No

Yes

Read receive data in RDR

Yes

All data received? [3]

Clear RE bit in SCR3to 0

<End>

[4] ( Error processing )

| Overrun error processing |

| Clear OER flag in SSR to 0 |

<End>

Figure 16.13 Sample Serial Reception Flowchart (Clock Synchronous Mo
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No

Yes

Read OER flag in SSR |

[4]

( Error processing )

Read RDRF flag in SSR | [2]

(4]

Yes

Read receive data in RDR

|t

All data received?

(3]

Clear TE and RE bits in SCR to 0

<End>

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

When data is written to TDR,
TDRE flag is automatically cle:
0. When data is read from RDF
RDRF flag is automatically cle:
0.

If an overrun error occurs, reac
OER flag in SSR, and after
performing the appropriate err
processing, clear the OER flag
Transmission/reception cannof
resumed if the OER flag is set
For overrun error processing, s
figure 16.13.

Figure 16.14 Sample Flowchart of Simultaneous Serial Transmit and Receive O
(Clock Synchronous M ode)
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communication using the multiprocessor format. The transmitting station first sends the I
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 0 multiprocessor bit a
When data with a 1 multiprocessor bit is received, the receiving station compares that daf
own ID. The station whose ID matches then receives the data sent next. Stations whose 1]
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 data from RSR to RDR, error flag detection, and setting the SSR statu:
RDREF, FER, and OER, to 1, are inhibited until data with a 1 multiprocessor bit is receive
reception of a receive character with a 1 multiprocessor bit, the MPBR bit in SSR is set tc
the MPIE bit is automatically cleared, thus normal reception is resumed. If the RIE bit in
set to 1 at this time, 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 multipro
communication is the same as that in normal asynchronous mode.
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Legend
MPB: Multiprocessor bit

Figure16.15 Example of Inter-Processor Communication Using M ultiprocessor
(Transmission of Data H'AA to Receiving Station A)

16.6.1 Multiprocessor Serial Data Transmission

Figure 16.16 shows a sample flowchart for multiprocessor serial data transmission. For
transmission cycle, set the MPBT bit in SSR to 1 before transmission. For a data transm
cycle, clear the MPBT bit in SSR to 0 before transmission. All other SCI3 operations ar

as those in asynchronous mode.
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transmission, set the port PCR to 1,
clear PDR to 0, then clear the TE bit
in SCR3t0 0.

Write transmit data to TDR

All data transmitted?

(2]

No

Read TEND flag in SSR

(3]

Break output?

Clear PDR to 0 and set PCR to 1

Clear TE bit in SCR3 to 0

[

<End>

Figure 16.16 Sample Multiprocessor Serial Transmission Flowchart
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L D

FER flags in SSR to identify the error.

performing the appropriate error proce
Yes ensure that the OER and FER flags a

Read receive data in RDR cleared to 0.

Reception cannot be resumed if eithe

these flags is setto 1.

In the case of a framing error, a break

detected by reading the RxD pin valug

RDRF =1

This station’s ID?

Yes

Read OER and FER flags in SSR

Yes
FER+OER = 1

Read RDRF flag in SSR [4]

(5]
( Error processing }

(Continued on
Read receive data in RDR next page)

1]

|

Yes

All data received?

No
lae—— [A]

| Clear RE bit in SCR3 to 0

<End>

Figure 16.17 Sample Multiprocessor Serial Reception Flowchart (1)
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Yes

No

| Framing error processing

-

Clear O

ER, and

FER flags in SSR to 0

<End>

Figure 16.17

Sample Multiprocessor Serial Reception Flowchart (2)

RENESAS
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Lol RALINeTupt nunRr lay RALINICITUpL Ie
operation request cleared is not generate
MPIE cleared to0 RDR retains its
User 100 RDR data read When data is not
processing this station's ID,
MPIE is set to 1
again
(a) When data does not match this receiver's ID
Start Receive Stop Start Receive data Stop Mark stat
bit data (ID2) MPB bit bit (Data2) MPB bit  (idle state
Serial 1 | o |po[p1] |p7z[ 1] 1] ofpo]pt|] [p7]o ] 4 1
data N N
| 1 frame | 1 frame |
| | |
MPIE ’ | ) [
RDRF @ / | | \ y
// A\ .
RDR
ID1 ID2 Data2
e X \ X \
LSI RXI interrupt RDREF flag RXl interrupt RDRF flag \
operation request cleared request cleared
MPIE cleared to 0 to0
User 0 RDR data read When data is RDR data rez
processing this station's MPIE set to 1
ID, reception again
is continued
(b) When data matches this receiver's ID
Figure 16.18 Example of SCI3 Reception Using Multiprocessor Format
(Examplewith 8-Bit Data, Multiprocessor Bit, One Stop Bit)
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Transmission End TEI Setting TEND in SSR
Receive Error ERI Setting OER, FER, and PER in SSR

The initial value of the TDRE flag in SSR is 1. Thus, when the TIE bit in SCR3 is set to
transferring the transmit data to TDR, a TXI interrupt request is generated even if the tr:
is not ready. The initial value of the TEND flag in SSR is 1. Thus, when the TEIE bit in
set to 1 before transferring the transmit data to TDR, a TEI interrupt request is generatec
the transmit data has not been sent. It is possible to make use of the most of these interrt
requests efficiently by transferring the transmit data to TDR in the interrupt routine. To
generation of these interrupt requests (TXI and TEI), set the enable bits (TIE and TEIE)
correspond to these interrupt requests to 1, after transferring the transmit data to TDR.
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When the TXD or TXD?2 bit in PMRI1 is 1, the TxD pin is used as an I/O port whose dire
(input or output) and level are determined by PCR and PDR. This can be used to set the ]
to mark state (high level) or send a break during serial data transmission. To maintain the
communication line at mark state until TE is set to 1, set both PCR and PDR to 1, and the
TXD bit to 1. At this point, the TxD pin becomes an I/O port, and 1 is output from the Tx
To send a break during serial transmission, first set PCR to 1 and clear PDR to 0, and the
TXD bit to 1. At this point, the TxD pin becomes an I/O port regardless of the current
transmission state, and O is output from the TxD pin.

16.8.3 Receive Error Flagsand Transmit Operations (Clock Synchronous Mode

Transmission cannot be started when a receive error flag (OER, PER, or FER) is set to 1,
the TDRE flag is cleared to 0. Be sure to clear the receive error flags to O before starting
transmission. Note also that receive error flags cannot be cleared to 0 even if the RE bit i
to 0.
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... Formula (1)

[Legend]
N: Ratio of bit rate to clock (N = 16)
D: Clock duty (D=0.5to 1.0)
L: Frame length (L =9to 12)
F: Absolute value of clock rate deviation

Assuming values of F (absolute value of clock rate deviation) = 0 and D (clock duty) =
formula (1), the reception margin can be given by the formula.

M = {0.5— 1/(2 x 16)} x 100 [%] = 46.875%

However, this is only the computed value, and a margin of 20% to 30% should be allow
system design.

16 clocks |

8 clocks ‘
0 7 15| 0 7 150
Internal basic m””I”””l”I”””lI”””l”I”””l”I”””””””””””l
clock
Receive data _?IEE
(RxD)

Start bit

Synchronization | = " "
sampling timing ___ L L

Data sampling
timing n n

Figure 16.19 Receive Data Sampling Timing in Asynchronous M ode
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Selection of IC format or clock synchronous serial format
Continuous transmission/reception

Since the shift register, transmit data register, and receive data register are independk
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 detection

Direct bus drive

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

Clock synchronous format

Four interrupt sources

Transmit-data-empty, transmit-end, receive-data-full, and overrun error
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A
SAR
Output ICDRS [« _I__’

control
}

Address
comparator

SDA

Noise canceler

ICDRR

—| Bus state
decision circuit

—t

Arbitration
decision circuit ICSR

ICIER

™ Interrupt
[Legend] generator
ICCR1: I’C bus control register 1
ICCR2: I*C bus control register 2
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v v
SDA in SDA in

SDA out —| SDA out —|

(Slave 1) (Slave 2)

Figure 17.2 External Circuit Connectionsof I/O Pins

17.2  Input/Output Pins

Table 17.1 summarizes the input/output pins used by the I’C bus interface 2.

Table17.1 1°C BuslInterface Pins

Name Abbreviation /0 Function
Serial clock SCL I/0 IIC serial clock input/output
Serial data SDA 1/0 IIC serial data input/output
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e I’C bus transmit data register (ICDRT)
e I’C bus receive data register (ICDRR)
e I’C bus shift register (ICDRS)

17.3.1 1°C BusControl Register 1 (ICCR1)

ICCR1 enables or disables the I’C bus interface 2, controls transmission or reception, and
master or slave mode, transmission or reception, and transfer clock frequency in master n

Initial
Bit Bit Name Value R/W Description
7 ICE 0 R/W  I’C Bus Interface Enable

0: This module is halted. (SCL and SDA pins are
port function.)

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

6 RCVD 0 R/W Reception Disable

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

0: Enables next reception

1: Disables next reception
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Ditlo 1, 1No lo aullllialiLally sl 1O 1. Il all OVE
occurs in master mode with the clock synchron
format, MST is cleared to 0 and slave receive r
entered.

Operating modes are described below accordir
and TRS combination. When clock synchronou
format is selected and MST is 1, clock is outpu

00: Slave receive mode
01: Slave transmit mode
10: Master receive mode
11: Master transmit mode

o = N W

CKS3
CKS2
CKS1
CKSO0

o O O o

R/W
R/W
R/W
R/W

Transfer Clock Select 3 to 0

These bits should be set according to the nece
transfer rate (see table 17.2) in master mode. |
mode, these bits are used for reservation of the
time in transmit mode. The time is 10 t,, when
and 20 t, when CKS3 = 1.
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1 0 440KHAz /1.4KHz 89.3KHz 143kHz 1
1 $/128 39.1kHz 625kHz 78.1kHz 125kHz 1
1 0 0 0 #/56  89.3kHz 143kHz 179kHz 286kHz 3!
1 #/80  625kHz 100kHz 125kHz 200kHz 2!
1 0 #/96  521kHz 833kHz 104kHz 167kHz 2
1 $/128 39.1kHz 625kHz 78.1kHz 125kHz 1
1 0 0 #/160 31.3kHz 50.0kHz 625kHz 100kHz  1:
1 #/200 25.0kHz 40.0kHz 50.0kHz 80.0kHz 1t
1 0 $/224 223kHz 35.7kHz 44.6kHz 71.4kHz 8
1 #/256 195kHz 31.3kHz 39.1kHz 625kHz 7
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this bit has no meaning. With the I°C bus forma
set to 1 when the SDA level changes from high
under the condition of SCL = high, assuming th
condition has been issued. This bit is cleared tc
the SDA level changes from low to high under
condition of SCL = high, assuming that the stoy
has been issued. Write 1 to BBSY and 0 to SC
a start condition. Follow this procedure when al
transmitting a start condition. Write 0 in BBSY
SCP to issue a stop condition. To issue start/st
conditions, use the MOV instruction.

6 SCP 1 W Start/Stop Issue Condition Disable
The SCP bit controls the issue of start/stop con
master mode.
To issue a start condition, write 1 in BBSY and
A retransmit start condition is issued in the samr
issue a stop condition, write 0 in BBSY and 0 ir
This bit is always read as 1. If 1 is written, the ¢
stored.

5 SDAO 1 R/W SDA Output Value Control

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

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

When writing, SDA pin is changed to output
(outputs high by external pull-up resistance)
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This bit is always read as 1, and cannot be modi
1 IICRST 0 R/W IIC Control Part Reset

This bit resets the control part except for I°C regi
this bit is set to 1 when hang-up occurs because
communication failure during I°C operation, I°C c
part can be reset without setting ports and initial
registers.

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

17.33  I°C BusMode Register (ICMR)

ICMR selects whether the MSB or LSB is transferred 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 used.
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5,4 — All 1 — Reserved
These bits are always read as 1, and cannot be
3 BCWP 1 R/W BC Write Protect

This bit controls the BC2 to BCO modifications.
modifying BC2 to BCO, this bit should be cleare
use the MOV instruction. In clock synchronous
mode, BC should not be modified.

0: When writing, values of BC2 to BCO are set.
1: When reading, 1 is always read.
When writing, settings of BC2 to BCO are inv
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synchronous serial format, these bits should not

modified.

I°C Bus Format Clock Synchronous Serial
000: 9 bits 000: 8 bits

001: 2 bits 001: 1 bits

010: 3 bits 010: 2 bits

011: 4 bits 011: 3 bits

100: 5 bits 100: 4 bits

101: 6 bits 101: 5 bits

110: 7 bits 110: 6 bits

111: 8 bits 111: 7 bits

17.3.4 1°C BuslInterrupt Enable Register (ICIER)

ICIER enables or disables interrupt sources and acknowledge bits, sets acknowledge bits
transferred, and confirms acknowledge bits to be received.

Initial
Bit Bit Name Value R/W Description
7 TIE 0 R/W Transmit Interrupt Enable

When the TDRE bit in ICSR is set to 1, this bit e
disables the transmit data empty interrupt (TXI).

0: Transmit data empty interrupt request (TXI) is

1: Transmit data empty interrupt request (TXI) is
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I ML VTRV VW VIV VY Ty Ty VIV A AAlia Tl

request (RXI) and the overrun error interrupt re
(ERI) with the clock synchronous format, when
data is transferred from ICDRS to ICDRR and t
bit in ICSR is set to 1. RXI can be canceled by
the RDRF or RIE bit to 0.

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

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

4

NAKIE

0

R/W

NACK Receive Interrupt Enable

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

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

3

STIE

0

R/W

Stop Condition Detection Interrupt Enable

0: Stop condition detection interrupt request (S
disabled.

1: Stop condition detection interrupt request (S
enabled.
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0: Receive acknowledge =0
1: Receive acknowledge = 1
0 ACKBT 0 R/W Transmit Acknowledge

In receive mode, this bit specifies the bit to be se
acknowledge timing.

0: 0 is sent at the acknowledge timing.

1: 1 is sent at the acknowledge timing.

17.35 1°C Bus Status Register (ICSR)

ICSR performs confirmation of interrupt request flags and status.

Initial
Bit Bit Name Value R/W Description
7 TDRE 0 R/W Transmit Data Register Empty

[Setting conditions]

e When data is transferred from ICDRT to ICD
ICDRT becomes empty

e When TRS is set

e When a start condition (including re-transfer)
been issued

e When transmit mode is entered from receive
slave mode

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

5

RDRF

0

R/W

Receive Data Register Full
[Setting condition]

e When a receive data is transferred from ICI
ICDRR

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

4

NACKF

0

R/W

No Acknowledge Detection Flag
[Setting condition]
¢ When no acknowledge is detected from the

device in transmission while the ACKE bit ir
1

[Clearing condition]
e When 0 is written in NACKF after reading N
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— The first byte in the slave address match
address set in the SAR

[Clearing condition]
e When 0 is written in STOP after reading STC

2 AL/OVE 0 R/W

Arbitration Lost Flag/Overrun Error Flag

This flag indicates that arbitration was lost in ma
mode with the I°C bus format and that the final b
been received while RDRF = 1 with the clock
synchronous format.

When two or more master devices attempt to se
bus at nearly the same time, if the I’C bus interf
detects data differing from the data it sent, it set:
to indicate that the bus has been taken by anoth
master.

[Setting conditions]

¢ If the internal SDA and SDA pin disagree at
SCL in master transmit mode

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

¢ When the final bit is received with the clock
synchronous format while RDRF = 1

[Clearing condition]

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

[Clearing condition]
o When 0 is written in AAS after reading AAS

0 ADZ 0 R/W

General Call Address Recognition Flag

This bit is valid in 1°C bus format slave receive |

[Setting condition]

o When the general call address is detected i
receive mode

[Clearing condition]

e When 0 is written in ADZ after reading ADZ

17.3.6 Slave Address Register (SAR)

SAR selects the communication format and sets the slave address. When the chip is in 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 SVA6to AlO R/W

Slave Address 6 to 0

SVAD These bits set a unique address in bits SVAB i
differing form the addresses of other slave devi
connected to the I°C bus.

0 FS 0 R/W Format Select

0: I°C bus format is selected.
1: Clock synchronous serial format is selected.
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ICDRR is an 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. ICDI
receive-only register, therefore the CPU cannot write to this register. The initial value of
is H'FF.

17.3.9 1°C Bus Shift Register (ICDRYS)

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

si stA [rRw| A [ pata [ A | [A& | P |
| 1 7 : 1 : 1 n } 1 | |<——1 -<—>|1 n: Transfer bit count
1 m (n=1t08)
m: Transfer frame count
(m=>1)
(b) 12C bus format (Start condition retransmission, FS = 0)
[ s | sia |rw| A | pata | [wA] s | s [mw] A ] bata | [
1 71 n 1,1 7 11 2,
I T T 1 I T T 1 |<
1 m1 1 m2

n1 and n2: Transfer bit count (N1 and n2 = 1 to 8
m1 and m2: Transfer frame count (m1 and m2 >

Figure17.3 1°C BusFormats

9 Vans cn UVA wis'an WA wis G eV

1 L — ] L IL ] L IL ] | —
S SLA RW A DATA A DATA A F

Figure17.4 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, 1
figures 17.5 and 17.6. 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 bits in ICMR and the CKS3 tc
bits in ICCR1 to 1. (Initial setting)

Read the BBSY flag in ICCR2 to confirm that the bus is free. Set the MST and TRS t
ICCRI 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 this time, TDRE is automatically cle:
and data is transferred from ICDRT to ICDRS. TDRE is set again.

When transmission of one byte data is completed while TDRE is 1, TEND in ICSR is
at the rise of the 9th transmit clock pulse. Read the ACKBR bit in ICIER, and confirn
slave device has been selected. Then, write second byte data to ICDRT. When ACKB
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 is fixed low until t
transmit data is prepared or the stop condition is issued.

The transmit data after the second byte is written to ICDRT every time TDRE is set.

. Write the number of bytes to be transmitted to ICDRT. Wait until TEND is set (the er

byte data transmission) while TDRE is 1, or wait for NACK (NACKF in ICSR = 1) fi
receive device while ACKE in ICIER is 1. Then, issue the stop condition to clear TE]
NACKEF.

When the STOP bit in ICSR is set to 1, the operation returns to the slave receive mod
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ICDRT )“ Adaress + R/W *]Data 1\ )‘ ED

ICDRS Addbss AW Xlﬁa 1\ LA
\

4

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

processing dition i i
coNCioN ISSUANCE ) Write data to ICDRT (first byte) [5] Write data to IC|

Figure17.5 Master Transmit Mode Operation Timing (1)

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

SDA \

(Master output) |/ \ Bit7 X Bite X Bit5 X Bit4  Bit3 X Bit2 X Bit1 X Bito / \ o

SDA —
(Slave output) A \_\A/_A/
/

[l il
/

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

[7] Set slave receive

Figure17.6 Master Transmit Mode Operation Timing (2)
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e

level specified by ACKBT in ICIER to SDA, at the 9th receive clock pulse.

3. After the reception of first frame data is completed, the RDRF bit in ICST is set to 1 ¢
of 9th receive clock pulse. At this time, the receive data is read by reading ICDRR, ar

R

is cleared to 0.

4. The continuous reception is performed by reading ICDRR every time RDRF is set. If
receive clock pulse falls after reading ICDRR by the other processing while RDRF is
fixed low until ICDRR is read.

5. If next frame is the last receive data, set the RCVD bit in ICCR1 to 1 before reading 1
This enables the issuance of the stop condition after the next reception.

6. When the RDREF bit is set to 1 at rise of the 9th receive clock pulse, issue the stage co
7. When the STOP bit in ICSR is set to 1, read ICDRR. Then clear the RCVD bit to 0.

8. The operation returns to the slave receive mode.
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TRS ‘ \ |
RDRF / \ [
ICDRS i X\ Data 1 |

)
R \
ICDRR // \ X&:

User y | \ [3] Read ICL
processing  [1] Clear TDRE after clearing  [2] Read ICDRR (dummy read)
TEND and TRS

Figure 17.7 Master Receive Mode Operation Timing (1)
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R RN N ]
ICDRR X Data -1 | XDatan /

User \\ V

processing [5] Read ICDRR after setting RCVD [7] Read ICDRR, (6] Issue stop
and clear RCVD condition (g ¢

r

Figure17.8 Master Receive Mode Operation Timing (2)

17.44  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
refer to figures 17.9 and 17.10.

The transmission procedure and operations in slave transmit mode are described below.

1. Set the ICE bit in ICCRI to 1. Set the MLS and WAIT bits in ICMR and the CKS3 tc
bits in ICCRI1 to 1. (Initial setting) Set the MST and TRS bits in ICCR1 to select slav:
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 the rise ©
clock pulse. At this time, if the 8th bit data (R/W) is 1, the TRS and ICSR bits in ICC
set 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

3. If TDRE is set after writing last transmit data to ICDRT, wait until TEND in ICSR is
with TDRE = 1. When TEND is set, clear TEND.

4. Clear TRS for the end processing, and read ICDRR (dummy read). SCL is free.
5. Clear TDRE.
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TEND ' /
Y /
TRS /
ICDRT [ X, Datat Data2 KT
) N
ICDRS /X Data 1 || Joataz| |
N / /
ICDRR X / / ]
User [2] Write HatatoV ICDRT (data1)  [2] Write data to ICDRT (data 2) [2] Write data to
processing

Figure17.9 Slave Transmit Mode Operation Timing (1)
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TEND

TRS

ICDRT !

ICDRS X Datan

ICDRR

User ‘
processing [3] Clear TEND [4] Read ICDRR (dummy read)  [5] Cl

after clearing TRS

Figure17.10 Slave Transmit Mode Operation Timing (2)

1745 Slave Receive Operation

In slave receive mode, the master device outputs the transmit clock and transmit data, anc
slave device returns an acknowledge signal. For slave receive mode operation timing, re
figures 17.11 and 17.12. The reception procedure and operations in slave receive mode a
described below.

1. Set the ICE bit in ICCR1 to 1. Set the MLS and WAIT bits in ICMR and the CKS3 t
bits in ICCRI1 to 1. (Initial setting) Set the MST and TRS bits in ICCRI to select slav
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 the rise ©
clock pulse. At the same time, RDRF in ICSR is set to read ICDRR (dummy read). (S
read data show the slave address and R/W, it is not used.)
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(Slav?aEZ:\Jtput) \AJ \_A
RDRF \—| |\_
ICDRS vy | | Xoatar \

ICDRR X
User v

processing

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

Figure17.11 Slave Receive Mode Operation Timing (1)

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

©

(Masti?futput) ] \ Bit7 X Bite X Bit5 X Bit4 X Bit3 X Bit2 X Bit1 { Bito / \

SCL

(Slave output) \ /

(SIavSeDoﬁtput) \_ﬂ \_/A/4

— X E)
-
-
m
\/

ICDRS ) X pata 1 \
%

[3] Set ACKBT [3] Read ICDRR  [4] R

ICDRR X )

User
processing

Figure17.12 Slave Receive Mode Operation Timing (2)

Rev. 3.00 Sep. 10, 2007 Pag

RENESAS REJOC



MSB first or LSB first. The output level of SDA can be changed during the transfer wait,
SDAO bit in ICCR2.

SDA XBitOXBit1XBit2XBit3XBit4XBit5XBit6X Bit7

Figure 17.13 Clock Synchronous Serial Transfer Format
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transterred Irom 1ICDK1 to ICDKRYS, and 1 DKE 18 set automatically. 1he continuous
transmission is performed by writing data to ICDRT every time TDRE is set. When
from transmit mode to receive mode, clear TRS while TDRE is 1.

SCL AR AN

7 8 1

AW LWomnY

(oi?ﬁn) \ Bito ) Bit1 ) \ Bite Y Bit7 ) Bito ) ; \ Bits ) Bit7 X
TRS
I
TDRE /
f f 4
icort | [[X] Daat1/) Data|2 N
[ ] / ]
ICDRS Data 1 Data 2 /
User l/ . \/ \1/
processing oy (3} Wrte data [3] Write data |
to ICDRT to ICDRT to ICDRT

[2] Set TRS

Figure17.14

Transmit Mode Operation Timing

RENESAS
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continually output. 1he continuous reception 1S performed by reading ICDRKK every U
RDRF is set. When the 8th clock is risen while RDRF is 1, the overrun is detected an
AL/OVE in ICSR is set. At this time, the previous reception data is retained in ICDR]

4. To stop receiving when MST = 1, set RCVD in ICCRI to 1, then read ICDRR. Then,
fixed high after receiving the next byte data.

(lilr:::\t) \ ito f Bit1 } ) Bite |\ Bit7 Y Bito ¥ Y Bite ) Bit7 ¥ Bit0 X
p) 7

MST
TRS /
RDRF / ) f )
@
p)
ICDRS / X paat % \ /pataz \
€
ICDRR / ’ X ) Data1 Xg I
)
User / Y /
processing 2] SetMST [3] Read ICDRR 3] Re

(when outputting the clock)

Figure17.15 Receive Mode Operation Timing
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SCL or SDA
input signal

Sampling
clock

Latch

Latch

System clock

cycle

s

Match detector

Internal
— SCL or S
signal

s

17.4.8

Example of Use

Figure17.16 Block Diagram of Noise Filter

Flowcharts in respective modes that use the I°C bus interface are shown in figures 17.17

RENESAS
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TEND=1? J :

Yes [9] Set the last byte of transmit data.
| Read ACKBRinICIER |

[6] [10] Wait for last byte to be transmitted.
[11] Clear the TEND flag.

Clear the STOP flag.

ater re MO

| Write transmit data in ICDRT | ] m 02

Head TDRE in ICSR I [13] Issue the stop condition.

8]

(8] [14] Wait for the creation of stop condition.
- [15] Set slave receive mode. Clear TDRE.

[9]

| Write transmit data in ICDRT |

Read TEND in ICSR |

’@_

Clear TEND in ICSR | ][11]
| CIearSTOPmICSR | ][12]

Write 0 to BBSY
and SCP ] (13l

Read STOP in ICSR |

[14]

Yes
Set MST to 1 and TRS
t0 0in ICCR1 [15)
| cClear TDREinICSR |

Figure17.17 Sample Flowchart for Master Transmit Mode
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Last receive
?

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

[10] Clear the STOP flag.

Read ICDRR

[11] Issue the stop condition.

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

Set ACKBT in ICIER to 1
] 7

[13] Read the last byte of receive data.

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

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

1

| Read RDRFinICSR |

Yes
[Cearstopinicsr._]| | 1ol
Il -
Write 0 to BBSY
and SCP

E—

| Read STOPinICSR |

1]

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

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

Figure17.18 Sample Flowchart for Master Receive Mode
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Yes [4]

Write transmit data
in ICDRT

—

| Read TENDinICSR |

No @ [5]

Yes -
[ Clear TEND in ICSR ] e
]m

]
] 1@

[9] Clear the TDRE flag.

|
| Clear TRS in ICCR1 to 0

I
| Dummy read ICDRR

|
|  Clear TDRE in ICSR

End

Figure17.19 Sample Flowchart for Slave Transmit Mode
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Last receive J 5] [8] Read the (last byte - 1) of receive data.

[9] Wait the last byte to be received.

Read ICDRR

[10] Read for the last byte of receive data.

Set ACKBT in ICIER to 1 7]
| A

[ Read ICDRR | ] @
] :

| Read RDRFinICSR |

Yes
[ ReadICDRR | ] 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.

Figure17.20 Sample Flowchart for Slave Receive Mode
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Transmit End TEI (TEND=1) - (TEIE=1) ©
Receive Data Full RXI (RDRF=1) - (RIE=1) o
STOP Recognition STPI (STOP=1) «(STIE=1) ©
NACK Receive NAKI {(NACKF=1)+(AL=1)}. ©
Arbitration (NAKIE=1) o o

Lost/Overrun Error

When interrupt conditions described in table 17.3 are 1 and the I bit in CCR is 0, the CPU
executes an interrupt exception processing. Interrupt sources should be cleared in the exc
processing. TDRE and TEND are automatically cleared to O by writing the transmit data
ICDRT. RDRF are automatically cleared to O by reading ICDRR. TDRE is set to 1 again
same time when transmit data is written to ICDRT. When TDRE is cleared to 0, then an «
data of one byte may be transmitted.
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Figure 17.21 shows the timing of the bit synchronous circuit and table 17.4 shows the ti
SCL output changes from low to Hi-Z then SCL is monitored.

i i
SCL monitor ! |
timing reference i i

|

clock

SCL

|
|
I N Phd -
|
1 &
i T va |_
| ' o

Internal SCL 4@J ---.-.-.------.-______d:_.

Figure17.21 TheTiming of the Bit Synchronous Cir cuit

Tablel7.4 Timefor Monitoring SCL

CKS3 CKS2 Time for Monitoring SCL
0 0 7.5 tecyc

1 19.5 teyc
1 0 17.5 tecyc

1 41.5 tecyc
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Ledli, Uy uic 104U O Ulc O T L UUS (10aU CapdiliiallLe O Ppull-up 1Ts1stdlitc)
2. When the bit synchronous circuit is activated by extending the low period of eighth ai
clocks, that is driven by the slave device

17.7.2  WAIT Setting in I°C Bus Mode Register (ICMR)

If the WAIT bit is set to 1, and the SCL signal is driven low for two or more transfer cloc
slave device at the eighth and ninth clocks, the high period of ninth clock may be shorten
avoid this, set the WAIT bit in ICMR to 0.
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(2) Redtriction on Use of Bit Manipulation Instructionsto Set MST and TRS

When master transmission is selected by consecutively manipulating the MST and TRS
multi-master usage, an arbitration loss during execution of the bit-manipulation instruct
TRS leads to the contradictory situation where AL in ICSR is 1 in master transmit mode
I, TRS=1).

Ways to avoid this effect are listed below.

e Use the MOV instruction to set MST and TRS in multi-master usage.

e When arbitration is lost, confirm that MST = 0 and TRS = 0. If the setting of MST =
TRS =0 is not confirmed, set MST = 0 and TRS = 0 again.

17.74  Continuous Data Reception in Master Receive M ode

In master receive mode, when SCL is fixed low on the falling edge of the 8th clock whi
RDREF bit is set to 1 and ICDRR is read around the falling edge of the 8th clock, the clo
fixed low in the 8th clock of the next round of data reception. The SCL is then released
fixed state without reading ICDRR and the 9th clock is output. As a result, some receive
lost.

Ways to avoid this phenomenon are listed below.

e Read ICDRR in master receive mode before the rising edge of the 8th clock.

e Set RCVD to 1 in master receive mode and perform communication in units of one
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e Conversion time: at least 3.5 us per channel (at 20-MHz operation)
e Two operating modes

— Single mode: Single-channel A/D conversion

— Scan mode: Continuous A/D conversion on 1 to 4 channels
o Four data registers

— Conversion results are held in a data register for each channel
e Sample-and-hold function
e Two conversion start methods

— Software

— External trigger signal
e Interrupt request

— An A/D conversion end interrupt request (ADI) can be generated
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e B— VAV

>_
—~—o\01—— - i
. Control circuit

Sample-and- DI

hold circuit interrupt

ANO —*
AN1 —=
AN2 —»]
AN3 —
AN4 —»]
AN5 —»]
ANG —»]
AN7 —»|

Analog multiplexer

—

ADTRG

[Legend]

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

Figure18.1 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 ANS3 Input

Analog input pin 4 AN4 Input Group 1 analog input
Analog input pin 5 AN5 Input

Analog input pin 6 ANG6 Input

Analog input pin 7 AN7 Input

A/D external trigger input pin ~ ADTRG Input External trigger input for

A/D conversion
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18.3.1 A/D Data RegistersA to D (ADDRA to ADDRD)

There are four 16-bit read-only ADDR registers; ADDRA to ADDRD, used to store the t
A/D conversion. The ADDR registers, which store a conversion result for each analog inj
channel, are shown in table 18.2.

The converted 10-bit data is 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 a temporary register. T
temporary register contents are transferred from the ADDR when the upper byte data is r
When reading ADDR, read the upper byte first then the lower one, or read in word units.
ADDR is initialized to H'0000.

Table18.2 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 mode
[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 er
ADF when this bit is set to 1

ADST R/W  A/D Start
Setting this bit to 1 starts A/D conversion. In sin
this bit is cleared to 0 automatically when conve
the specified channel is complete. In scan mode
conversion continues sequentially on the specifi
channels until this bit is cleared to 0 by software
a transition to standby mode.

SCAN R/W Scan Mode
Selects single mode or scan mode as the A/D ¢
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 cor
time.
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101: AN5 101: AN4 and AN5
110: AN6 110: AN4 to AN6
111: AN7 111: AN4 to AN7

18.3.3 A/D Control Register (ADCR)

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

Initial
Bit Bit Name Value R/W Description
7 TRGE 0 R/W Trigger Enable
A/D conversion is started at the falling edge and |
edge of the external trigger signal (ADTRG) wher
setto 1.
The selection between the falling edge and rising
the external trigger pin (ADTRG) conforms to the
bit in the interrupt edge select register 2 (IEGR2)
6to1 — All 1 — Reserved
These bits are always read as 1.
0 — 0 R/W Reserved

Do not set this bit to 1, though the bit is readable;
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a1l as 10110Wos.

1.

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

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

On completion of conversion, the ADF bit in ADCSR s set to 1. If the ADIE bit is s
this time, 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.

18.4.2 Scan Mode

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

1.

2.

3.

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

When conversion of all the selected channels is completed, the ADF flag in ADCSR
If the ADIE bit is set to 1 at this time, an ADI interrupt requested is generated. A/D
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 lon
ADST bit remains set to 1. When the ADST bit is cleared to 0, A/D conversion stop.
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In scan mode, the values given in table 18.3 apply to the first conversion time. In the secc
subsequent conversions, the conversion time is 128 states (fixed) when CKS = 0 and 66 s
(fixed) when CKS = 1.

.

Address 2)

Write signal | I

Input sampling
timing g

ADF

tp tspL

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

Figure18.2 A/D Conversion Timing
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e T T f=Atd it 11T gy ity

A/D conversion can also be started by an external trigger input. When the TRGE bit in
set to 1, external trigger input is enabled at the ADTRG pin. A falling edge at the ADTF
pin sets the ADST bit in ADCSR to 1, starting A/D conversion. Other operations, in bot
and scan modes, are the same as when the bit ADST has been set to 1 by software. Figu
shows the timing.

ADTRG

Internal trigger signal

ADST |
| A/D conversion
I

Figure 18.3 External Trigger Input Timing
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when the digital output changes from the minimum voltage value 0000000000 to 000
(see figure 18.5).
e Full-scale error

The deviation of the analog input voltage value from the ideal A/D conversion charac
when the digital output changes from 1111111110 to 1111111111 (see figure 18.5).

e Nonlinearity error

The deviation from the ideal A/D conversion characteristic as the voltage changes fro
full scale. This does not include the offset error, full-scale error, or quantization error.

e Absolute accuracy

The deviation between the digital value and the analog input value. Includes offset er:
scale error, quantization error, and nonlinearity error.
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010 “— Quantization error
001

000 | | | | | | |

Analog
input voltage

Figure18.4 A/D Conversion Accuracy Definitions (1)

Digital output Full-scale error

T

Ideal A/D conversion v
characteristic 7

0

/ Nonlinearity
/ error

’
’
’

-~ Actual A/D conversion
,/ characteristic

. FS

I Analog
Offset error input voltage

Figure 18.5 A/D Conversion Accuracy Definitions (2)
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e S e = e e = e

filter effect is obtained in this case, it may not be possible to follow an analog signal with
differential coefficient (e.g., 5 mV/us or greater) (see figure 18.6). When converting a hig
analog signal or converting in scan mode, a low-impedance buffer should be inserted.

18.6.2 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.

Care is also required to ensure that filter circuits do not interfere with digital signals or ac
antennas on the mounting board.

This LSI A/D converter
Sensor output equivalent circuit
impedance
up to 5 kQ 10 kQ
Sensor input ﬂAVAVA J_ J_ v'W\—-l
flowpass T | = 20 pF
 filter l E 15 pF I l
1Cto 0.1 uF :
--------------- 1

Figure18.6 Analog Input Circuit Example
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acioCuol) alitd LV JIN (1C5CL Dy 10W VUILdgC UCileLLUOULL) CLICUILS.

This circuit is used to prevent abnormal operation (program runaway) from occurring du
power supply voltage fall and to recreate the state before the power supply voltage fall v
power supply voltage rises again.

Even if the power supply voltage falls, the unstable state when the power supply voltage
below the guaranteed operating voltage can be removed by entering standby mode wher
exceeding the guaranteed operating voltage and during normal operation. Thus, system :
can be improved. If the power supply voltage falls more, the reset state is automatically
the power supply voltage rises again, the reset state is held for a specified period, then a
is automatically entered.

Figure 19.2 is a block diagram of the power-on reset circuit and the low-voltage detectic
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LVDI: Monitors the power-supply voltage, and generates an interrupt when the voltag
below or rises above respective given values.

Two detection levels for reset generation voltage are available: when only the LVDR

used, or when the LVDI and LVDR circuits are both used.

e Reset source decision

The source of a reset can be decided by reading the reset source decision register in tt

exception handler.

VCLSEL
V VCL
£e »| Step-down circuit >
> On-chip
oscillator
. BGR VBGR RCSTP
LVD (low-voltage
detection circuit)
[Legend]
Vece: Power supply
VCL: Internal power supply generated from Vcc by the step-down circuit

VBGR: Reference voltage from BGR

VCLSEL: Select signal for the source of the on-chip oscillator power supply

RCSTP:  On-chip oscillator stop signal

Figure19.1 Block Diagram around BGR
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1 2
' ]
' C
boe
LVDINT Interrupt . =
control '
circuit !
| >, Interr
[Legend]
PSS: Prescaler S
LVDCR:  Low-voltage-detection control register
LVDSR:  Low-voltage-detection status register
VBGR: Reference voltage from BGR
ExtD: Compared voltage for falling external input voltage
ExtU: Compared voltage for rising external input voltage

VDDI!: Bit 5in LVDCR

Figure 19.2 Block Diagram of Power-On Reset Circuit and L ow-Voltage Detectic
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L VIDUK SCICCLS the comparcd voltage o1 tnc L.V D1 CIrcult, SEts tne dctection I1Evels 101 th
circuit, enables or disables the LVDR circuit, and enables or disables generation of an int
when the power-supply voltage rises above or falls below the respective levels.

Table 19.1 shows the relationship between the LVDCR settings and functions to be selec
LVDCR should be set according to table 19.1.

Initial
Bit Bit Name Value R/W Description
7,6 — All 1 — Reserved
These bits are always read as 1 and cannot be r
5 VDDII 1! R/W LVDR External Compared Voltage Input Inhibit
0: Use external voltage as LVDI compared volta
1: Use internal voltage as LVDI compared voltag
4 — 1 — Reserved

This bit is always read as 1 and cannot be modif
3 LVDSEL** 1 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 inter
used, the reset detection voltage of 2.3 V (Typ.)
be used. When only a reset detection interrupt is
reset detection voltage of 3.6 V (Typ.) should be

2 — 1 — Reserved
This bit is always read as 1 and cannot be modif
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0) and the reset detection voltage is 2.3 V (typ.).

Table19.1 LVDCR Settingsand Select Functions

LVDCR Settings

Select Functions

Low-Voltage- Lov

Power-On Detection Fall Det
VvDDII LVDSEL LVDDE  LVDUE Reset LVDR Interrupt Inte
* 1 0 0 v v — —
* 0 1 0 v v v —
* 0 1 1 v v v v
Note: * Set these bits if necessary.

RENESAS
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|oetting condition|

¢ When the power-supply voltage falls below \
(Typ.=3.7V)

[Clearing condition]

¢ When writing 0 to this bit after reading it as 1

0 LVDUF 0* R/W LVD Power-Supply Voltage Rise Flag
[Setting condition]
¢ When the power supply voltage falls below V
while the LVDUE bit in LVDCR is set to 1 an
rises above Vint (U) (Typ. = 4.0 V) before fal
below Vreset1 (Typ. =2.3 V)
[Clearing condition]

¢ When writing 0 to this bit after reading it as 1

Note: * Initialized by an LVDR.
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LTy CONUILULNS |

e When a power-on reset has occurred
e When an LVDR has occurred
[Clearing condition]

When writing O

0 WRST #2 R/W  WDT Reset Detection
[Setting condition]
o When a reset by the WDT has occurred
[Clearing conditions]
e When a power-on reset has occurred
e When an LVDR has occurred
o When an reset signal input on the external |
asserted
e When writing O
Notes: 1. The initial value depends on the condition when the PRST bit is set or cleare
2. The initial value depends on the condition when the WRST bit is set or cleare
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noise filter circuit which removes noise with less than 400 ns (Typ.) 1s included to prever
incorrect operation of this LSI caused by noise on the RES signal.

To achieve stable operation of this LSI, the power supply needs to rise to its full level anc
within the specified time. The maximum time required for the power supply to rise and s
(twon) 18 determined by the oscillation frequency (f,.) and capacitance which is connecte
pin (Cggs). Where t,, is assumed to be the time required to reach 90 % of the full level
power supply, the power supply circuit should be designed to satisfy the following formu

t.,00 (MS) < 90 x Cres (uF) + 162/f,, (MHz)

0sc (

(toon <3000 ms, Cges > 0.22 pF, and f ., = 10 in 2-MHz to 10-MHz operatio

0osC

Note that the power supply voltage (Vcc) must fall below Vpor = 100 mV to remove cha
RES pin. After that, it can be risen. To remove charge on the RES pin, it is recommendec
diode should be placed to Vcc. If the power supply voltage (Vcc) rises from the point abc
a power-on reset may not occur.
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PSS counter starts Reset released

Figure 19.3 Operational Timing of Power-On Reset Cir cuit

19.3.2 Low-Voltage Detection Cir cuit
LVDR (Reset by Low Voltage Detection) Circuit:

Figure 19.4 shows the timing of the operation of the LVDR circuit. The LVDR circuit i
enabled during the LSI's operation.

When the power-supply voltage falls below the Vreset voltage (the value selected by the
bit: Typ. =2.3 V or 3.6 V), the LVDR circuit clears the LVDRES signal to 0, and resets
S. The low-voltage detection reset state remains in place until a power-on reset is gener:
the power-supply voltage rises above the Vreset voltage (Typ. = 3.6 V) regardless of L\
setting) again, the LVDR circuit sets the LVDRES signal to 1 and prescaler S starts cou
When 131,072 clock (¢) cycles have been counted, the internal reset signal is released. ]
case, the LVDSEL bit in LVDCR is initialized (the Vreset voltage: Typ. = 3.6 V) thoug
VDDII bit is not initialized.

If the power supply voltage (Vcc) falls below Vpor = 100 mV, a power-on reset occurs.
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OVF

—
V)

(.
Internal reset )

signal < 131,072 cycles

t t

PSS counter starts Reset released

Figure19.4 Operating Timing of LVDR Circuit
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E e =

IRQO interrupt request is generated. In this case, the necessary data must be saved in the
EEPROM and a transition to standby mode or subsleep mode must be made. Until this {
is completed, the power supply voltage must be higher than the lower limit of the guara

operating voltage.

When the power-supply voltage does not fall below the Vresetl (Typ. = 2.3 V) voltage :
above the Vint (U) (Typ. = 4.0 V) voltage, the LVDI circuit sets the LVDINT signal to

LVDUE bit is 1 at this time, the LVDUF bit in LVDSR is set to 1 and an IRQO interrup
simultaneously generated.

If the power supply voltage (Vcc) falls below the Vresetl (Typ. =2.3 V) voltage, this L.
low voltage detection reset operation (when LVDRE = 1).

Vce

LVDINT

LVDDE

LVDDF

LVDUE

LVDUF

Vint (U)
Vint (D)

Vreset1
VSS

I

IRQO interrupt generated IF{CIO interrupt generated

Figure19.5 Operational Timing of LVDI Circuit

RENESAS
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When the external comparison voltage of ExtD pin falls below the Vexd (D) (Typ. = 1.1:
voltage, the LVDI clears the LVDINT signal to 0 and sets the LVDDF bit in LVDSR to |
LVDDE bit is 1 at this time, an IRQO interrupt request is generated. In this case, the nece
data must be saved in the external EEPROM, and a transition to standby mode or subslee
must be made. Until this processing is completed, the power supply voltage must be high
the lower limit of the guaranteed operating voltage.

When the power-supply voltage does not fall below the Vresetl (Typ. = 2.3 V) voltage ai
input voltage of the ExtU pin rises above Vexd (Typ. = 1.15 V) voltage, the LVDI circuit
LVDINT signal to 1. If the LVDUE bit is 1 at this time, the LVDUF bit in LVDSR is set
an IRQO interrupt request is generated.

If the power supply voltage falls below the Vresetl (Typ. = 2.3 V) voltage, this LSI enter
voltage detection reset operation. When the voltages input on the ExtU and ExtD pins are
the compared voltage, ensure to use the LVDR (reset detection voltage: Typ. = 2.3 V) cir
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LVDDF

LVDUE J 1{

LVDUF

IRQO interrupt  IRQO interrupt
generated generated

Figure 19.6 Operational Timing of LV DI Circuit (When Compared Voltagei:
through ExtU and ExtD Pins)
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PRST WRST Reset Source

1 Power-on reset or LVDR occurred
0 Reset signal input on external reset pin
0 WDT reset occurred

Power supply voltage \:\/

Internal reset signal

Set by Set by temporary drop of

power-on reset power supply voltage

, ,
, ,
/ Read and 1 :/ Read and
«— cleared 1 ! 4« cleared

'
'
'
,
(0 is written), (0 is written) H
'
'
'
'

j - | O| O

PRST bit !
| | Set by
' ' WDT res
; ; / o
WRST bit E E |

Figure 19.7 Timing of Setting Bitsin Reset Source Decision Register
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Connect the external power supply to the V. pin, and connect a capacitor of approxima
between V, and V, as shown in figure 20.1. The internal step-down circuit is made effi
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 is the reference for the high level, anc
level is that for the low level. The A/D converter analog power supply is not affected by
internal step-down circuit.

Voo Veg=4.51055V

Step-down circuit

—
Internal Stabilization
Internal

! power capacitor (approx. 0.1 uF)
logic
supply

Figure20.1 Power Supply Connection of 5.0-V-Specification Microcontrol
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I

Internal
power
supply

Internal
logic

Figure20.2 Power Supply Connection of 3.3-V-Specification Microcontrolle
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Registers are listed Irom the lower allocation aadresses.

The symbol — in the register-name column represents a reserved address or range o
addresses.
Do not attempt to access reserved addresses.

When the register address is 16-bit wide, the address of the upper byte is given in th
Registers are classified by functional modules.
The data bus width is indicated.

The number of access states is indicated.

Register bits

Bit configurations of the registers are described in the same order as the register add
Reserved bits are indicated by — in the bit name column.

When registers consist of 16 bits, bits are described from the MSB side.

Register states in each operating mode
Register states are described in the same order as the register addresses.

The register states described here are for the basic operating modes. If there is a spec
for an on-chip peripheral module, refer to the section on that on-chip peripheral mod
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H'FO00
to

H'F6FF
Timer control register_0 TCR.O 8 H'F700 TimerZ 8
Timer 1/O control register A_0 TIORA_O 8 H'F701  Timer Z 8
Timer 1/O control register C_0 TIORC_O 8 H'F702 TimerZ 8
Timer status register_0 TSR_.O 8 H'F703 TimerZ 8
Timer interrupt enable register_0 TIER_O 8 H'F704 TimerZ 8
PWM mode output level control POCR_0O 8 H'F705 TimerZ 8
register_0
Timer counter_0 TCNT_O 16 H'F706 TimerZ 16
General register A_0 GRA_0O 16 H'F708 TimerZ 16
General register B_0 GRB_0 16 H'F70A TimerZ 16
General register C_0 GRC_0 16 H'F70C TimerZ 16
General register D_0 GRD_0 16 H'F70E TimerZ 16
Timer control register_1 TCR_1 8 H'F710 Timer Z 8
Timer 1/O control register A_1 TIORA_1 8 HF711  Timer Z 8
Timer I/O control register C_1 TIORC_1 8 HF712  TimerZ 8
Timer status register_1 TSR_1 8 H'F713 TimerZ 8
Timer interrupt enable register_1 TIER_1 8 HF714  Timer Z 8
PWM mode output level control POCR_1 8 H'F715 TimerZ 8
register_1
Timer counter_1 TCNT_1 16 H'F716  Timer Z 16
General register A_1 GRA_1 16 H'F718 TimerZ 16
General register B_1 GRB_1 16 HF71A TimerZ 16
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register

Timer output control register TOCR 8 H'F725 Timer Z 8
— — — HF726, TimerZz —
H'F727

Second data register/free running RSECDR 8 H'F728 RTC 8

counter data register

Minute data register RMINDR 8 H'F729 RTC 8

Hour data register RHRDR 8 HF72A RTC 8

Day-of-week data register RWKDR 8 H'F72B RTC 8

RTC control register 1 RTCCR1 8 H'F72C RTC 8

RTC control register 2 RTCCR2 8 HF72D  RTC 8

— — — HF72E  RTC —

Clock source select register RTCCSR 8 H'F72F RTC 8

Low-voltage-detection control LVDCR 8 H'F730 LVDC*' 8

register

Low-voltage-detection status LVDSR 8 H'F731 LVDC*' 8

register

Reset source decision register LVDRF 8 H'F732 LVDC*' 8

— — — HF733 — —

Clock control/status register CKCSR 8 H'F734 CPG

RC control register RCCR 8 H'F735 On-chip 8
oscillator

RC trimming data protect register RCTRMDPR 8 H'F736 On-chip 8
oscillator
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Serial status register_2 SSR_2 8 H'F744 SCI3_2 8

Receive data register_2 RDR_2 8 H'F745 SCI3_2 8

— — — H'F746, SCI3_2 —
H'F747

I12C bus control register 1 ICCR1 8 H'F748 lca 8

I12C bus control register 2 ICCR2 8 H'F749 lcz 8

I12C bus mode register ICMR 8 HF74A  1IC2 8

I12C bus interrupt enable register ICIER 8 H'F74B lcz 8

I12C status register ICSR 8 HF74C  lIC2 8

Slave address register SAR 8 HF74D  1IC2 8

I12C bus transmit data register ICDRT 8 H'F74E lcz 8

I12C bus receive data register ICDRR 8 H'F74F lcz 8

— — — HF750t0 — —
H'F75F

Timer mode register B1 TMB1 8 H'F760 TimerB1 8

Timer counter B1 TCB1 8 H'F761 TimerB1 8

Timer load register B1 TLB1 8 H'F761 TimerB1 8

— — — HF762t0 — —
H'FF8F

Flash memory control register 1  FLMCR1 8 H'FF90 ROM

Flash memory control register2 ~ FLMCR2 8 H'FFI1 ROM

Flash memory power control FLPWCR 8 H'FF92 ROM

register
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Time constant register A TCORA 8 HFFA2  TimerV 8
Time constant register B TCORB 8 HFFA3  TimerV 8
Timer counter V TCNTV 8 HFFA4  TimerV 8
Timer control register V1 TCRV1 8 H'FFA5 Timer V 8
— — — HFFA6, — —
H'FFA7
Serial mode register SMR 8 H'FFA8 SCI3 8
Bit rate register BRR 8 HFFA9  SCI3 8
Serial control register 3 SCR3 8 HFFAA  SCI3 8
Transmit data register TDR 8 HFFAB  SCI3 8
Serial status register SSR 8 H'FFAC  SCI3 8
Receive data register RDR 8 HFFAD  SCI3 8
— — — H'FFAE, SCI3 —
H'FFAF
A/D data register ADDRA 16 HFFBO A/D 8
converter
A/D data register ADDRB 16 HFFB2 A/D 8
converter
A/D data register ADDRC 16 HFFB4  A/D 8
converter
A/D data register ADDRD 16 HFFB6  A/D 8
converter
A/D control/status register ADCSR 8 HFFB8  A/D 8
converter
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Timer control/status register WD TCSRWD 8 HFFCO WDT*' 8
Timer counter WD TCWD 8 HFFC1 WDT* 8
Timer mode register WD TMWD 8 HFFC2 WDT* 8
— — — H'FFC3 WDT*' —
— — — HFFC4 — —

to

H'FFC7
Address break control register ABRKCR 8 H'FFC8 Address break 8
Address break status register ABRKSR 8 H'FFC9 Address break 8
Break address register H BARH 8 H'FFCA Address break 8
Break address register L BARL 8 H'FFCB Address break 8
Break data register H BDRH 8 H'FFCC Address break 8
Break data register L BDRL 8 H'FFCD Address break 8
— — — HFFCE — —
Break address register E** BARE 8 H'FFCF  Address break 8
Port pull-up control register 1 PUCR1 8 H'FFDO 1/O port 8
Port pull-up control register 5 PUCR5 8 H'FFD1 I/O port 8
— — — H'FFD2, /O port —

H'FFD3
Port data register 1 PDR1 8 H'FFD4 1/O port 8
Port data register 2 PDR2 8 H'FFD5 1/O port 8
Port data register 3 PDR3 8 H'FFD6 I/O port 8
— — — H'FFD7 /O port —
Port data register 5 PDR5 8 H'FFD8 1/O port 8
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Port mode register 1 PMR1 8 H'FFEO  I/O port 8
Port mode register 5 PMR5 8 H'FFE1 1/O port 8
Port mode register 3 PMR3 8 H'FFE2 1/O port 8
— — — H'FFD3 1/0O port —
Port control register 1 PCR1 8 H'FFE4 /O port 8
Port control register 2 PCR2 8 H'FFE5 I/O port 8
Port control register 3 PCR3 8 H'FFE6 /O port 8
— — — H'FFE7 1/0O port —
Port control register 5 PCR5 8 H'FFE8 /O port 8
Port control register 6 PCR6 8 H'FFE9 1/O port 8
Port control register 7 PCR7 8 H'FFEA 1/O port 8
Port control register 8 PCR8 8 H'FFEB 1/O port 8
— — — H'FFEC, /O port —
H'FFED
Port control register C PCRC 8 H'FFEE 1/O port 8
— — — H'FFEF 1/O port —
System control register 1 SYSCR1 8 HFFFO Low power 8
System control register 2 SYSCR2 8 HFFF1 Low power 8
Interrupt edge select register 1 IEGR1 8 H'FFF2 Interrupt 8
Interrupt edge select register 2 IEGR2 8 H'FFF3 Interrupt 8
Interrupt enable register 1 IENR1 8 H'FFF4 Interrupt 8
Interrupt enable register 2 IENR2 8 H'FFF5  Interrupt 8
Interrupt flag register 1 IRR1 8 H'FFF6  Interrupt 8
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Notes: 1. WDT: Watchdog timer
2. Only provided for microcontrollers that supports advanced mode.
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TIORC_0 — I0D2 10D1 10D0 — I0C2 10CH 10Co
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 TCNTOL5 TCNTOL4 TCNTOL3 TCNTOL2 TCNTOL1 TCNTOLO
GRA_0 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 TPSCH TPSCO
TIORA_1 — 10B2 10B1 10B0 — I0A2 I0A1 I0A0
TIORC_1 — 10D2 10D1 10D0 — 10C2 10C1 10C0
TSR_1 — — UDF OVF IMFD IMFC IMFB IMFA
TIER_1 — — — OVIE IMIED IMIEC IMIEB IMIEA
POCR_1 — — — — — POLD POLC POLB
TCNT_1 TCNT1H7 TCNT1H6 TCNT1H5 TCNT1H4 TCNT1H3 TCNT1H2 TCNT1H1 TCNT1HO
TCNT1L7 TCNT1L6 TCNT1L5S TCNT1L4 TCNTIL3 TCNT1L2 TCNT1L1 TCNT1LO
GRA_1 GRA1H7 GRA1H6 GRA1H5 GRA1H4 GRA1H3 GRA1H2 GRA1H1 GRA1THO
GRA1L7 GRA1L6 GRA1L5 GRA1L4 GRA1L3 GRA1L2 GRA1L1 GRAI1LO
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TPMR — PWMD1 PWMC1 PWMB1 — PWMDO PWMCO PWMBO
TFCR — STCLK ADEG ADTRG OLS1 OLSo 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 SCo03 SCo02 SCOo1 SCO00
RMINDR BSY MN12 MN11 MN10 MNO3 MNO02 MNO1 MNOO
RHRDR BSY — HR11 HR10 HRO03 HRO02 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 — — VDDII — LVDSEL* — LVDDE LVDUE
LVDSR — — — — — — LVDDF LVDUF
LVDRF — — — — — — PRST  WRST
CKCSR PMRC1 PMRCO OSCBAKE OSCSEL CKSWIE CKSWIF OSCHLT CKSTA
RCCR RCSTP FSEL VCLSEL — — — RCPSCH1 RCPSCO
RCTRMDPR WRI PRWE LOCKDW TRMDRWE — — — —
RCTRMDR TRMD7 TRMD6 TRMD5 TRMD4 TRMD3 TRMD2 TRMD1 TRMDO
SMR_2 COM CHR PE PM STOP MP CKS1 CKSO0
BRR_2 BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRR1 BRRO
SCR3_2 TIE RIE TE RE MPIE TEIE CKE1 CKEO
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SAR SVA6 SVA5 SVA4 SVA3 SVA2 SVA1 SVAO FS

ICDRT ICDRT7 ICDRT6 ICDRT5 ICDRT4 ICDRT3 ICDRT2 ICDRT1 ICDRTO
ICDRR ICDRR7 ICDRR6 ICDRR5 |ICDRR4 ICDRR3 ICDRR2 ICDRR1 ICDRRO
TMB1 TMB17 — — — — TMB12 TMB11 TMB10
TCB1 TCB17 TCB16 TCB15 TCB14 TCB13 TCB12 TCB11 TCB10
TLB1 TLB17 TLB16 TLB15 TLB14 TLB13 TLB12 TLB11 TLB10
FLMCR1 — SWE ESU PSU EV PV E P

FLMCR2 FLER — — — — — — —

FLPWCR PDWND — — — — — — —

EBR1*" EB7 EB6 EB5 EB4 EB3 EB2 EB1 EBO
FENR FLSHE — — — — — — — —
TCRVO CMIEB  CMIEA  OVIE CCLR1  CCLRO  CKS2 CKs1 CKS0
TCSRV CMFB  CMFA  OVF — 0s3 0s2 0s1 0s0
TCORA TCORA7 TCORA6 TCORA5 TCORA4 TCORA3 TCORA2 TCORA1 TCORAO
TCORB TCORB7 TCORB6 TCORBS TCORB4 TCORB3 TCORB2 TCORB1 TCORBO
TCNTV TCNTV7 TCNTV6 TCNTV5 TCNTV4 TCNTV3 TCNTV2 TCNTVi  TCNTVO
TCRV1 — — — TVEGT TVEGO TRGE  — ICKSO
SMR coM CHR PE PM STOP MP CKst CKS0
BRR BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRR1 BRRO
SCR3 TIE RIE TE RE MPIE TEIE CKE1 CKEO
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AD1 ADO — — — — — —

ADDRD AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2

AD1 ADO — — — — — —
ADCSR ADF ADIE ADST SCAN CKS CH2 CH1 CHO
ADCR TRGE — — — — — — —
PWDRL PWDRL7 PWDRL6 PWDRL5 PWDRL4 PWDRL3 PWDRL2 PWDRL1 PWDRLO
PWDRU - - PWDRU5 PWDRU4 PWDRU3 PWDRU2 PWDRU1 PWDRUO
PWCR — — — — — — — PWCRO
TCSRWD  B6WI TCWE BAWI TCSRWE B2wiI WDON  BOWI WRST
TCWD TCWD7 TCWD6 TCWD5 TCWD4 TCWD3 TCWD2 TCWD1  TCWDO
TMWD - - — — CKS3 CKS2 CKS1 CKS0

ABRKCR RTINTE CSEL1 CSELO ACMP2 ACMP1 ACMPO DCMP1 DCMPO

ABRKSR ABIF ABIE — — — — — —
BARH BARH7 BARH6 BARH5 BARH4 BARH3 BARH2 BARH1 BARHO
BARL BARL7 BARL6 BARL5 BARL4 BARL3 BARL2 BARL1 BARLO
BDRH BDRH7 BDRH6 BDRH5 BDRH4 BDRH3 BDRH2 BDRH1 BDRHO
BDRL BDRL7 BDRL6 BDRL5 BDRL4 BDRL3 BDRL2 BDRL1 BDRLO
BARE*® BDRE7 BDRE6 BDRE5 BDRE4 BDRE3 BDRE2 BDRE1 BDREO
PUCR1 PUCR17 PUCR16 PUCR15 PUCR14 — PUCR12 PUCR11  PUCR10
PUCR5 — — PUCR55 PUCR54 PUCR53 PUCR52 PUCR51 PUCRS50
PDR1 P17 P16 P15 P14 — P12 P11 P10
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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
PCR6 PCR67 PCR66 PCR65 PCR64 PCR63 PCR62 PCR61 PCR60
PCR7 — PCR76 PCR75 PCR74  — PCR72 PCR71 PCR70
PCR8 PCR87 PCR86 PCR85  — — — — —
PCRC — — — — — — PCRC1 PCRCO
SYSCR1 SSBY STS2 STSH STSO NESEL  — — —
SYSCR2 SMSEL  LSON DTON MA2 MA1 MAO SA1 SA0
IEGR1 NMIEEG  — — — IEG3 IEG2 IEG1 IEGO
IEGR2 — — WPEG5 WPEG4 WPEG3 WPEG2 WPEG1 WPEGO
IENR1 IENDT IENTA IENWP  — IEN3 IEN2 IEN1 IENO
IENR2 — — IENTB1T — — — — —
IRR1 IRRDT IRRTA — — IRRI3 IRRI2 IRRI1 IRRIO
IRR2 — — IRRTB1  — — — — —
IWPR — — IWPF5 IWPF4 IWPF3 IWPF2 IWPF1 IWPFO
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e H8/36079G, H8/36079L

Register

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
EBR1 EB7 EB6 EB5 EB4 EB3 EB2 EB1 EBO
e HS8/36078G, H8/36078L, H8/36077G, H8/36077L

Register

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
EBR1 — EB6 EB5 EB4 EB3 EB2 EB1 EBO
e HS8/36074G, H8/36074L

Register

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
EBR1 — — — EB4 EB3 EB2 EB1 EBO
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TCNT_O

Initialized

GRA_0

Initialized

GRB_0

Initialized

GRC_0

Initialized

GRD_0

Initialized

TCR_1

Initialized

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

TSTR

Initialized

TMDR

Initialized

TPMR

Initialized

TFCR

Initialized

TOER

Initialized

TOCR

Initialized

RENESAS
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LVDSR Initialized — — —
LVDRF — — — —

CKCSR Initialized — — — CPG
RCCR Initialized — — — On-ct
RCTRMDPR  Initialized — _ _ oscill
RCTRMDR Initialized — — —

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 — — — lncz

ICCR2 Initialized — — —

ICMR Initialized — — _

ICIER Initialized — — —

ICSR Initialized — — _

SAR Initialized — — —

ICDRT Initialized — — —

ICDRR Initialized — — —

TMB1 Initialized — — — Timer
TCB1 Initialized — — _

TLB1 Initialized — — —
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TCORB Initialized Initialized Initialized Initialized
TCNTV Initialized Initialized Initialized Initialized
TCRV1 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
ADDRD Initialized Initialized Initialized Initialized
ADCSR Initialized Initialized Initialized Initialized
ADCR Initialized Initialized Initialized Initialized
PWDRL Initialized — — — 14bi
PWDRU Initialized — — —
PWCR Initialized — — —
TCSRWD Initialized — — — WD’
TCWD Initialized — — —
TMWD Initialized — — —
ABRKCR Initialized — — — Add
ABRKSR Initialized — — —
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PDR2

Initialized

PDR3

Initialized

PDR5

Initialized

PDR6

Initialized

PDR7

Initialized

PDR8

Initialized

PDRB

Initialized

PDRC

Initialized

PMR1

Initialized

PMR5

Initialized

PMR3

Initialized

PCR1

Initialized

PCR2

Initialized

PCR3

Initialized

PCR5

Initialized

PCR6

Initialized

PCR7

Initialized

PCR8

Initialized

PCRC

Initialized

SYSCR1

Initialized

SYSCR2

Initialized

Low ¢
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MSTCR2 Initialized — — — — —

Notes: — is not initialized
1. WDT: Watchdog timer
2. The BARE register is only provided for microcontrollers that support advance
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B and X1

N

Port B -0.31t0 AV +0.3 \%
X1 -0.3t04.3 \
Operating temperature T Regular specifications: °C
—20to +75
Wide-range specifications: °C
—40 to +85
Storage temperature T -55to +125 °C

stg

Notes: * Permanent damage may result if maximum ratings are exceeded. Normal op
should be under the conditions specified in Electrical Characteristics. Exceed
values can result in incorrect operation and reduced reliability.
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vo [

45 55 Ve (V) 45 55 Vg

. AVCC =45t055V ° AVCC =45t055V
¢ Active mode * All operating modes

¢ Sleep mode
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o (kHz)
2500

78.125

¢ Active mode
¢ Sleep mode
(When MA2in SYSCR2=0)

4.5 55 Vg (V)
i AVCC =45t055V
¢ Active mode
¢ Sleep mode
(When MA2in SYSCR2=1)

¢ Subactive mode
¢ Subsleep mode

RENESAS
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®* Vecc=40100.0V
¢ Active mode
¢ Sleep mode

(4) Range of Power Supply Voltage and Oscillation Frequency when L ow-Voltage
Detection Circuit is Used

oosc (MHz)
20.0
16.0
4.0
Vee (V)
3.0 4.5 55

[ Operation guaranteed range
[ Operation guaranteed range except
A/D conversion accuracy

Rev. 3.00 Sep. 10, 2007 Page 418 of 528
REJ09B0216-0300 RENESAS



TMRIV,

TMCIV, FTIOAO
to FTIODO,
FTIOA1 to
FTIOD1, SCKS,
SCK3_2, TRGV

RXD, RXD_2, Vyex07 — V,+03 V
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 P76,
P85 to P87,
PCO, PC1

PBO to PB7 AV, =45t055V AV, x07 — AV, +03 V
0SCt V=05 — Vi +03 V

Input low V| RES, NMI, -0.3 —  Vgx02 V
voltage WKPO to WKP5,

TRQO to IRQ3,

ADTRG, TMIB1,

TMRIV,

TMCIV, FTIOAO

to FTIODO,

FTIOA1 to

FTIOD1, SCKS,

SCK3_2, TRGV

Note: Connect the TEST pin to Vss.
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PCO, PC1

PBO to PB7 AV, ,=4.5t055V -0.3 AV, x03 V
OSCH1 -0.3 0.5 \
Output Vou P10 to P12, —loy=15mA Vo —1.0 — \Y
high P14 to P17,
voltage P20 to P24,
P30 to P37,
P50 to P55, —loy=0.1mA Ve —0.5 —
P60 to P67,
P70 to P72,
P74 to P76,
P85 to P87,
PCoO, PC1
P56, P57 Iy =0.1 mA Ve —25 — Vv
Output Vo P10 to P12, lo,=1.6 MA — 0.6 \
low P14 to P17,
voltage P20 to P24,
P30 to P37,
P50 to P57, lo.=0.4 mA — 0.4
P70 to P72,
P74 to P76,
P85 to P87
PCoO, PC1
P60 to P67 lo, =20.0 MA — 1.5 \
lo,=10.0 mA — 1.0
lo,=1.6 MA — 0.4
lo.=0.4 mA — 0.4
SCL, SDA lo, = 6.0 A — 0.6
lo.=3.0mA — 0.4
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oDA

P10 to P12, V,=05Vto — — 1.0 pA
P14 to P17, (Ve —0.5V)
P20 to P24,
P30 to P37,
P50 to P57,
P60 to P67,
P70 to P72,
P74 to P76,
P85 to P87,
PCoO, PC1
PBO to PB7 V,=05Vto — — 1.0 pA
(AV,.—0.5V)
Pull-up =, P10 to P12, Ve =5.0V, 50.0 — 300.0 pA
MOS P14 to P17, Vy=0.0V
current P50 to P55
Input C, All input pins f=4MHz, — — 15.0 pF
capaci- except power V=00V,
tance supply pins T,=25°C
Active lope Ve Active mode 1 — 19.0 28.0 mA
mode VCC =5.0 V,
supply fosc =20 MHz
current Active mode 1 — 11.0 —
V=50V,
fosc = 10 MHz
lopes Ve Active mode 2 — 30 55 mA
Ve =5.0V,
fose = 20 MHz
Active mode 2 — 25 —
Ve =5.0V,
fose = 10 MHz
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V=50V,

fosc = 10 MHz \
Subactive I, Vg V=50V — 95.0 145.0 pA
mode 32-kHz crystal
supply resonator
current (dgus = Pu/2)
Ve =5.0V — 85.0 — ;
32-kHz crystal f
resonator \
(¢sua = ¢w/8)
Subsleep g zep Ve Vee=5.0V — 85.0 140.0 [V
mode 32-kHz crystal
supply resonator
current (dsys = D0/2)
Standby Iy, Ve 32-kHz crystal — — 135.0 pA
mode resonator not
supply used
current
RAM data V,,, Ve 2.0 — — Vv
retention
voltage
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Main clock:
ceramic or crys
resonator, and ¢
oscillator

Subactive mode Ve Operates Ve

Subsleep mode Ve Only timers operate Ve Subclock:
crystal resonatc

Standby mode Ve CPU and timers Ve Main clock:
both stop ceramic or crys
resonator, and ¢

oscillator

Subclock:
Pin X1 =V
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SCL, and SDA

Port 6, SCL, and — — 80.0
SDA
Permissible output |—IOH | All output pins — — 5.0
high current (per pin)
Permissible output |—2IOH | All output pins — — 50.0

high current (total)
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oysiem CIOCK (9) Loy
cycle time

IOSC

— — 12.8

us

Subclock f
oscillation
frequency

X1, X2

— 32.768 —

kHz

Watch clock (¢,,) t
cycle time

X1, X2

— 305 —

us

Subclock (¢ ) t
cycle time

'subcyc

Instruction cycle
time

cyc

tsubcyc

Oscillation t
stabilization time
(crystal resonator)

OSCt,
0SC2

— — 10.0

ms

Oscillation t
stabilization time
(ceramic resonator)

OSCt,
0sC2

ms

Oscillation
stabilization time
(on-chip oscillator)

— — 500

us

Oscillation
stabilization time

rex

X1, X2

External clock high t..,
width

OSC1

ns

External clock low  top
width

OSC1

ns

External clock rise g,
time

OSC1

— — 10.0

— — 15.0

ns

External clock fall  toy
time

OSC1

— — 10.0

— — 15.0

ns
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MRIV,
TRGV,
ADTRG,
FTIOAO to
FTIODO,
FTIOAT to
FTIOD1

Input pin low
width

NMI, TMIB1,
TRQO to IRQ3,
WKPO to
WKP5,
TMCIV,
TMRIV,
TRGV,
ADTRG,
FTIOAO to
FTIODO,
FTIOA1 to
FTIOD1

cye

subcye
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Vec=5.0V, 15.76 16.0 16.24
Ta =25°C,

FSEL =0,

VCLSEL=0

FSEL =0, 15.52 16.0 16.48
Ta =-20to +75°C,
VCLSEL=0

FSEL =0, 15.36 16.0 16.64
Ta =-40 to +85°C,
VCLSEL =0

Notes: 1. When an external clock is input, the minimum frequency of the external clock
is 4.0 MHz.

2. Determined by MA2 to MAO, SA1, and SAO0 in system control register 2 (SYS
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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

Repeated start toras 3t — ns
condition input setup

time

Setup time forstop ¢ 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 — 250 ns
fall time
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width

- OURW

o o ~oCyc

Transmit data delay
time (clock
synchronous)

TXD

TXD

cyc

Receive data setup
time (clock
synchronous)

RXS

RXD

500 — — ns

Receive data hold
time (clock
synchronous)

RXH

RXD

500 — — ns

RENESAS
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Analog power supply Al AV, AV =50V — — 20 mA
current fose =
20 MHz
AISTOP1 AVoo - 50 - HA
Alsropz Avcc - - 5.0 HA
Analog input Cn ANO to — — 30.0 pF
capacitance AN7
Permissible signal R ANO to — — 5.0 kQ
source impedance AN7
Resolution 10 10 10 bit
(data length)
Conversion time AV, =45t 70 - — oo
(single mode) 55V
Nonlinearity error — — +7.5 LSB
Offset error — — +7.5 LSB
Full-scale error — — +7.5 LSB
Quantization error — — +0.5 LSB
Absolute accuracy — — +8.0 LSB
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2. Alg.,, 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.

2225 Watchdog Timer Characteristics

Table22.7 Watchdog Timer Characteristics
Vee=45t055V,V, =00V, T, =-20to +75°C/-40 to +85°C, unless otherwise indica

Applicable Test Values
Iltem Symbol Pins Condition Min. Typ. Max. Unit
On-chip tove 0.2 0.4 — s
oscillator
overflow
time

Note: * Time until an internal reset is generated after the counter counts from 0 to 25
on-chip oscillator is selected
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Programming Wait time after setting SWE  x 1 — —

bit*’

Wait time after setting PSU v 50 — —

bit*’

Wait time after setting P bit ~ z1 1<n<6 28 30 32

et z2 7<n<1000 198 200 202
z3 Additional- 8 10 12

programming

Wait time after clearing P o 5 — —

bit*'

Wait time after clearing PSU 8 5 — —

bit*’

Wait time after setting PV Y 4 — —

bit*’

Wait time after dummy € 2 — —

write*'

Wait time after clearing PV n 2 — —

bit*’

Wait time after clearing SWE 6 100 — —

bit*’

Maximum programming N — — 1000

count #"#*+°
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oirs

Wait time after setting EV Y 20 — —
bit+'

Wait time after € 2 — —
dummy write*'

Wait time after clearing EV. 4 — —
bit*’

Wait time after clearing SWE 60 100 — —
bit*’

Maximum erase count *'**’ N — — 120

Notes: 1.
2.

Make the time settings in accordance with the program/erase algorithms.
The programming time for 128 bytes. (Indicates the total time for which the P
memory control register 1 (FLMCR1) is set. The program-verify time is not inc
The time required to erase one block. (Indicates the time for which the E bit ir
memory control register 1 (FLMCR1) is set. The erase-verify time is not inclug
Programming time maximum value (t,(max.)) = wait time after P bit setting (z
maximum programming count (N)
Set the maximum programming count (N) according to the actual set values ¢
and z3 so that it does not exceed the programming time maximum value (t.(n
wait time after setting P bit (z1, z2) should be changed as follows according t
of the programming count (n).
Programming count (n)

1<n<6 z1=30ps

7<n<1000 z2=200ps
Erase time maximum value (t.(max.)) = wait time after E bit setting (z) x maxi
erase count (N)

Set the maximum erase count (N) according to the actual set value of (z) so t
not exceed the erase time maximum value (t.(max.)).
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e

Reset detection voltage 1*' Vreset1 LVDSEL=0 — 2.3 2.6

Reset detection voltage 2+* Vreset2 LVDSEL=1 33 3.6 3.9

Lower-limit voltage of LVDR VL vommn 1.0 — —

operation

Notes: 1. This voltage should be used when the falling and rising voltage detection funct
used.

2. Select the low-voltage reset 2 when only the low-voltage detection reset is use

22.2.8 LVDI External Input Voltage Detection Circuit Characteristics

Table22.10 LVDI External Input Voltage Detection Circuit Characteristics

Vee=45t055V,AVcc=45t055V,V =00V, T, =-20 to +75°C/-40 to +85°C

Values
Test
Item Symbol Condition Min. Typ. Max.
ExtD/ExtU input detection voltage  Vexd 1.0 1.15 1.30
ExtD/ExtU input voltage range VextD/VextU VextD >VextU -0.3 ~ — Lower
voltage
of AV
+0.3or
vV, +
0.3
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charge of the RES pin is removed completely. In order to remove charge of tt
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
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o I

3.0 36 Vo (V) 3.0 36 Vg
* AVgc=3.0t036V * AV =3.0t036V
¢ Active mode * All operating modes

¢ Sleep mode
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- Y Ce T vV R W - WCC T VY.V IV V.UV

* Active mode ¢ Subactive mode
* Sleep mode ¢ Subsleep mode
o (kH2) (When MA2 in SYSCR2 = 0)
2500

78.125

3.0 36 Vo (V)
¢ AVgc=3.0t03.6V
¢ Active mode
¢ Sleep mode
(When MA2 in SYSCR2 = 1)

(3) Analog Power Supply Voltage and A/D Converter Accuracy Guaranteed Ran

¢ (MH2)
16.0

4.0

3.0 36 AV (V)

* Vgc=3.0t036V
¢ Active mode
¢ Sleep mode
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VIRV,

TMCIV, FTIOAO
to FTIODO,
FTIOA1 to
FTIOD1, SCKS,
SCK3_2, TRGV

RXD, RXD_2, Vex08 —  V, +03 V
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 P76,
P85 to P87,
PCO, PC1

PBO to PB7 AV, =3.0t036V AV, x08 — AV, +03 V

0SCt V=03 — Vi +03 V

Input low V. RES, NMI, -0.3 —  Vgx01 Vv
voltage WKPO to WKP5,

TRQO to IRQ3,

ADTRG, TMIB1,

TMRIV,

TMCIV, FTIOAO

to FTIODO,

FTIOAT1 to

FTIOD1, SCK3,

SCK3_2, TRGV

Note: Connect the TEST pin to Vss.
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PCO, PC1

PBO to PB7 AV, =3.0t036V —0.3 — AV, x02 V
0OSC1 -0.3 — 0.3 \
Output on P10 to P12, oy =1.5mA Vee—1.0 — — Vv
high P14 to P17,
voltage P20 to P24,
P30 to P37,
P50 to P55, —loy =0.1mA Vee—=05 — —
P60 to P67,
P70 to P72,
P74 to P76,
P85 to P87,
PCoO, PC1
P56, P57 Iy =0.1 mA Vee—20 —  — Vv
Output o P10 to P12, lo, = 1.6 MA — — 0.6 \
low P14 to P17,
voltage P20 to P24,
P30 to P37,
P50 to P57, lo, = 0.4 mA — — 0.4
P70 to P72,
P74 to P76,
P85 to P87
PCoO, PC1
P60 to P67 lo, =20.0 mA — — 1.5 \
lo,=10.0mA — — 1.0
lo, = 1.6 MA — — 0.4
lo, = 0.4 mA — — 0.4
SCL, SDA lo, = 6.0 A — — 0.6
lo, =3.0 A — — 0.4
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oDA

P10 to P12, V,=05Vto — — 1.0 pA
P14 to P17, (Ve —0.5V)
P20 to P24,
P30 to P37,
P50 to P57,
P60 to P67,
P70 to P72,
P74 to P76,
P85 to P87,
PCO, PC1
PBO to PB7 V,=05Vto — — 1.0 pA
(AV,.—0.5V)
Pull-up =, P10 to P12, V=33V, — 60.0 — pA
MOS P14 to P17, Vy=0.0V
current P50 to P55
Input C, All input pins f=4MHz, — — 15.0 pF
capaci- except power V=00V,
tance supply pins T,=25°C
Active lope Ve Active mode 1 — 15.0 22.0 mA
mode VCC =33 V,
current fosc = 16 MHz _
consump- Active mode 1 — 11.0 — K
tion V=33V, f
fose = 10 MHz \
lopes Ve Active mode 2 — 28 4.0 mA
V=33V,
fosc = 16 MHz
Active mode 2 — 25 — k
V=33V, f
fosc = 10 MHz \
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V=33V,

fose = 10 MHz
Subactive |y, Ve V=33V — 95.0 145.0 pA
mode 32-kHz crystal
supply resonator
current (dgus = Pu/2)

Ve =383V — 85.0 —

32-kHz crystal

resonator

(¢sua = ¢w/8)
Subsleep g zep Ve V=33V — 85.0 140.0 pA
mode 32-kHz crystal
supply resonator
current (dsys = D0/2)
Standby Iy, Ve 32-kHz crystal — — 135.0 MA
mode resonator not
supply used
current
RAM data V.,, Ve 2.0 — — Vv
retention
voltage

Rev. 3.00 Sep. 10, 2007 Pag
RENESAS REJOC



Subactive mode Ve

Operates

cc

Subsleep mode V,

cc

Only timers operate

V

cc

Main clock:
ceramic or crysta
resonator, and or
oscillator

Subclock:
crystal resonator

Standby mode \Y

cc

CPU and timers
both stop

cc

Main clock:
ceramic or crysta
resonator, and or
oscillator

Subclock:
Pin X1 =V
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SCL, and SDA

Port 6, SCL, and — — 80.0
SDA
Permissible output |—IOH All output pins — — 5.0
high current (per pin)
Permissible output |—2IOH | All output pins — — 50.0

high current (total)
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oysiem CIOCK ()
cycle time

cyc

IOSC

12.8

us

Subclock
oscillation
frequency

X1, X2

32.768

kHz

Watch clock (¢,,)
cycle time

X1, X2

30.5

us

Subclock (¢ )
cycle time

tsubcyc

Instruction cycle
time

cyc

tsubcyc

Oscillation
stabilization time
(crystal resonator)

OSCt,
0ScC2

10.0

ms

Oscillation
stabilization time

(ceramic resonator)

OSCt,
0SsC2

5.0

ms

Oscillation
stabilization time
(on-chip oscillator)

500

us

Oscillation
stabilization time

X1, X2

2.0

External clock high t..,

width

OSCH

23.8

ns

External clock low
width

t

CPL

0OSC1

23.8

ns

External clock rise
time

t

CPr

0OSC1

15.0

ns

External clock fall
time

t

CPf

OSCH

15.0

ns
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MCIV,
TMRIV,
TRGV,
ADTRG,
FTIOAO to
FTIODO,
FTIOA1 to
FTIOD1

Input pin low t, NMI, TMIB1, 2 — —

width TRQO to
IRQ3,
WKPO to
WKP5,
TMCIV,
TMRIV,
TRGV,
ADTRG,
FTIOAO to
FTIODO,
FTIOA1 to
FTIOD1

cye

tsubcyc
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Vec =33V,
Ta = 25°C,
FSEL =0,
VCLSEL=0

15.76 16.00 16.24

FSEL =0,
Ta =-20to +75°C
VCLSEL=0

156,52 16.0 16.48

FSEL =0,
Ta =-40 to +85°C,
VCLSEL =0

1536 16.0 16.64

Notes: 1. When an external clock is input, the minimum frequency of the external clock ¢

is 4.0 MHz.

2. Determined by MA2 to MAO, SA1, and SAO0 in system control register 2 (SYSC
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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

Repeated start toras 3t — — ns
condition input setup

time

Setup time forstop  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 — — 250 ns
fall time
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B - OURW S

width

~ocye

Transmit data delay t TXD
time (clock

synchronous)

TXD

cyc

Receive data setup t RXD
time (clock

synchronous)

RXS

ns

Receive data hold taxn RXD
time (clock
synchronous)

ns
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Analog power supply Al AV, AV, =36V — — 20 mA
current fose =
16 MHz
AISTOP1 AVoo - 50 - HA
Alsropz Avcc - - 5.0 HA

Analog input Cn ANO to — — 30.0 pF
capacitance AN7
Permissible signal R ANO to — — 5.0 kQ
source impedance AN7
Resolution 10 10 10 bit
(data length)
Conversion time AV, =3.0to 134 - - -
(single mode) 3.6V

Nonlinearity error — — +7.5 LSB

Offset error — — 75 LSB

Full-scale error — — +7.5 LSB

Quantization error — — +0.5 LSB

Absolute accuracy — — +8.0 LSB
Notes: 1. Set AV . =V, when the A/D converter is not used.

2. Alg,,, 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.

RENESAS
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Note: * Time until an internal reset is generated after the counter counts from 0 to 255
on-chip oscillator is selected
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Programming Wait time after setting SWE  x 1 — —
bit*’
Wait time after setting PSU v 50 — —
bit*’
Wait time after setting P bit ~ z1 1<n<6 28 30 32
et z2 7<n<1000 198 200 202

z3 Additional- 8 10 12
programming

Wait time after clearing P o 5 — —
bit*'
Wait time after clearing PSU 8 5 — —
bit*’
Wait time after setting PV Y 4 — —
bit*’
Wait time after dummy € 2 — —
write*'
Wait time after clearing PV n 2 — —
bit*’
Wait time after clearing SWE 6 100 — —
bit*’
Maximum programming N — — 1000

count #"#*+°
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oirs

Wait time after setting EV Y 20 — —
bit+'

Wait time after € 2 — —
dummy write*'

Wait time after clearing EV. 4 — —
bit*’

Wait time after clearing SWE 0 100 — —
bit*’

Maximum erase count *'**’ N — — 120

Notes: 1.
2.

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 k
memory control register 1 (FLMCR1) is set. The program-verify time is not incl
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
Programming time maximum value (t.,(max.)) = wait time after P bit setting (z)
maximum programming count (N)
Set the maximum programming count (N) according to the actual set values of
and z3 so that it does not exceed the programming time maximum value (t,(m:
wait time after setting P bit (z1, z2) should be changed as follows according to
of the programming count (n).
Programming count (n)

1<n<6 z1=30ps

7<n<1000 z2=200ps
Erase time maximum value (t.(max.)) = wait time after E bit setting (z) x maxin
erase count (N)

. Set the maximum erase count (N) according to the actual set value of (z) so th

not exceed the erase time maximum value (t.(max.)).
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e

Reset detection voltage 1* Vreset1 — 23 2.6

Lower-limit voltage of LVDR V ormin 1.0 — —

operation

Note: * This voltage should be used when the falling and rising voltage detection func
used.

2238 LVDI External Input Voltage Detection Circuit Characteristics

Table 22.20 LVDI External Input Voltage Detection Circuit Characteristics
Vee=3.0t03.6 V,AVcc=3.0t03.6 V, V=0.0 V, T, = -20 to +75°C/-40 to +85°C

Test Values

Iltem Symbol Condition Min. Typ. Max.
1.35

ExtD/ExtU input detection voltage  Vexd 0.95 1.15
ExtD/ExtU input voltage range VextD/VextU VextD > VextU -0.3 — Lower
voltage
of AV,
+0.30
vV, +
0.3
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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 occt
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tcpr T 1 tcpt

Figure22.1 System Clock Input Timing

£ IQ It
)7 )T T

4
VCC / VCC x 0.7

oser L UVVUUUTUUVVUUUL
e Y A

)
m
(0]

33 7 (P
tREL
Figure22.2 RES Low Width Timing
NMI
IRQO to IRQ3
WKPO to WKP5
ADTRG

FTIOAO to FTIODO,
FTIOA1 to FTIOD1,
TMCIV, TMRIV

TRGV I 1 1

Figure22.3 Input Timing
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Note: * S, P, and Sr represent the following:
S: Start condition
P: Stop condition
Sr: Retransmission start condition

Figure22.4 1°C BusInterface Input/Output Timing

tsckw

SCK3

tScyc

Figure22.5 SCK3 Input Clock Timing
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AT RAT TSI AL /Ot / \ |

/ \

trxs
tRXH

v X )

Note:  * Output timing reference levels
Output high: Vor=20V
Output low: Vo=08V
Load conditions are shown in figure 22.7.

Figure22.6 SCI Input/Output Timingin Clock Synchronous Mode
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Figure22.7 Output Load Circuit
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ERa General destination register (address register or s2-Dit register)

ERs General source register (address register or 32-bit register)

ERn General register (32-bit register)

(EAQ) 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

\Y V (overflow) flag in CCR

C C (carry) flag in CCR

disp Displacement

- Transfer from the operand on the left to the operand on the right, or trans
the state on the left to the state on the right

+ Addition of the operands on both sides

- Subtraction of the operand on the right from the operand on the left

x Multiplication of the operands on both sides

+ Division of the operand on the left by the operand on the right

A Logical AND of the operands on both sides

v Logical OR of the operands on both sides

S Logical exclusive OR of the operands on both sides

- NOT (logical complement)

(), <> Contents of operand

Note: General registers include 8-bit registers (ROH to R7H and ROL to R7L) and 16-bit

(RO to R7 and EO to E7).
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MOV.B @ERs, Rd B @ERs — Rd8 T1T1|0
MOV.B @(d:16, ERs), Rd | B @(d:16, ERs) — Rd8 T1T10
MOV.B @(d:24, ERs), Rd | B @(d:24, ERs) — Rd8 T1T]o0
MOV.B @ERs+, Rd B @ERs — Rd8 Ti1T1|0
ERs32+1 — ERs32
MOV.B @aa:8, Rd B @aa:8 — Rd8 Ti1T1]0
MOV.B @aa:16, Rd B @aa:16 — Rd8 T1T|o0
MOV.B @aa:24, Rd B @aa:24 — Rd8 TiT1o0
MOV.B Rs, @ERd B Rs8 — @ERd T1T]o0
MOV.B Rs, @(d:16, ERd) | B Rs8 — @(d:16, ERd) TiT]o
MOV.B Rs, @(d:24, ERd) | B Rs8 — @(d:24, ERd) T|s o
MOV.B Rs, @-ERd B ERd32-1 — ERd32 T1T]o0
Rs8 —» @ERd
MOV.B Rs, @aa:8 B Rs8 — @aa:8 TiT1]o0
MOV.B Rs, @aa:16 B Rs8 —» @aa:16 T1T1]0
MOV.B Rs, @aa:24 B Rs8 —» @aa:24 T1T10
MOV.W #xx:16, Rd W #xx:16 — Rd16 Ti1T]o0
MOV.W Rs, Rd W Rs16 — Rd16 T1T]o0
MOV.W @ERs, Rd W @ERs — Rd16 Ti1T10
MOV.W @(d:16, ERs), Rd | W @(d:16, ERs) — Rd16 tlt]o
MOV.W @(d:24, ERs), Rd | W @(d:24, ERs) — Rd16 T1T]o0
MOV.W @ERs+, Rd W @ERs — Rd16 21T 10
ERs32+2 — @ERd32
MOV.W @aa:16, Rd W @aa:16 —» Rd16 T1T]o0
MOV.W @aa:24, Rd W @aa:24 — Rd16 T1T10
MOV.W Rs, @ERd w Rs16 - @ERd Ti1T]o0
MOV.W Rs, @(d:16, ERd) | W Rs16 — @(d:16, ERd) TiT]o
MOV.W Rs, @(d:24, ERd) | W Rs16 — @(d:24, ERd) TiT]o
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e B - =4t 4t 1 1 | | |=FIEE= o Rt T D 2 S
MOV.L @ERs, ERd L @ERs — ERd32 —|—|T T |0
MOV.L @(d:16, ERs), ERd | L @(d:16,ERs) > ERd32 |—|— | [T |0
MOV.L @(d:24, ERs), ERd | L 10 @(d:24,ERs) - ERd32 |—|— | [T |0
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 ERs32 —» @ERd —|—|T T o0
MOV.L ERs, @(d:16, ERd) | L ERs32 » @(d:16,ERd) |—|—|T |T |0
MOV.L ERs, @(d:24, ERd) | L 10 ERs32 » @(d:24,ERd) |—|—|T |T |0
MOV.L ERs, @—-ERd L ERd32-4 — ERd32 —|—|T T |0
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 @SP — Rn16 —|—=|T|T o0
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
movrPE( MOVFPE @aa:16, Rd B Cannot be used in Cannot be used in
this LSI this LSI
MovTPE| MOVTPE Rs, @aa:16 B Cannot be used in Cannot be used in

this LSI

this LSI
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ADD.L #xx:32, ERd L ERd32+#xx:32 — @122
ERd32

ADD.L ERs, ERd L 2 ERd32+ERs32 — @/T1212
ERd32

ADDX |ADDX.B #xx:8, Rd B Rd8+#xx:8 +C — Rd8 T1T1®)|T

ADDX.B Rs, Rd B 2 Rd8+Rs8 +C — Rd8 T1210|7

ADDS |ADDS.L #1, ERd L 2 ERd32+1 — ERd32 — ===

ADDS.L #2, ERd L 2 ERd32+2 — ERd32 — ===

ADDS.L #4, ERd L 2 ERd32+4 — ERd32 — ===

INC |INC.BRd B 2 Rd8+1 — Rd8 —1T|T|T

INC.W #1, Rd w 2 Rd16+1 — Rd16 —1T17|2

INC.W #2, Rd w 2 Rd16+2 — Rd16 —|T1T12

INC.L #1, ERd L 2 ERd32+1 — ERd32 —[21212

INC.L #2, ERd L 2 ERd32+2 — ERd32 —|T|T|¢

DAA |DAARd B 2 Rd8 decimal adjust LR RN BN
— Rd8

SUB |SUB.BRs, Rd B 2 Rd8-Rs8 — Rd8 {2212

SUB.W #xx:16, Rd w Rd16—#xx:16 — Rd16 MmTITIT

SUB.W Rs, Rd w 2 Rd16-Rs16 — Rd16 MmTITIT

SUB.L #xx:32, ERd L ERd32—#xx:32 — ERd32 @1T(T2

SUB.L ERs, ERd L 2 ERd32-ERs32 — ERd32 @122

SUBX |SUBX.B #xx:8, Rd B Rd8—#xx:8-C — Rd8 T{T1O)°T

SUBX.B Rs, Rd B 2 Rd8-Rs8-C — Rd8 {7107

SUBS |SUBS.L #1, ERd L 2 ERd32-1 — ERd32 — ===

SUBS.L #2, ERd L 2 ERd32-2 — ERd32 — ===

SUBS.L #4, ERd L 2 ERd32-4 — ERd32 — ===

DEC |DEC.BRd B 2 Rd8—1 — Rd8 —|T|T|2

DEC.W #1, Rd w 2 Rd16-1 — Rd16 —1T17|2

DEC.W #2, Rd w 2 Rd16-2 — Rd16 —|2|T2
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Rd16 x Rs16 — ERd32

MULXU. W Rs, ERd w el el el
(unsigned multiplication)
MULXS [MULXS. B Rs, Rd B Rd8 x Rs8 — Rd16 —1T|T|—
(signed multiplication)
MULXS. W Rs, ERd w Rd16 x Rs16 — ERd32 —|T17 |—
(signed multiplication)
DIVXU |DIVXU. B Rs, Rd B Rd16 + Rs8 — Rd16 —|(6)[(7)|—
(RdH: remainder,
RdL: quotient)
(unsigned division)
DIVXU. W Rs, ERd w ERd32 + Rs16 — ERd32 —|(6)|(7)| —
(Ed: remainder,
Rd: quotient)
(unsigned division)
DIVXS |DIVXS. B Rs, Rd B Rd16 + Rs8 — Rd16 —|8)|(7)|—
(RdH: remainder,
RdL: quotient)
(signed division)
DIVXS. W Rs, ERd w ERd32 + Rs16 — ERd32 —|(®)[(7)|—
(Ed: remainder,
Rd: quotient)
(signed division)

CMP |CMP.B #xx:8, Rd B Rd8—#xx:8 212112
CMP.B Rs, Rd B Rd8-Rs8 TIT(T|¢
CMP.W #xx:16, Rd W Rd16-#xx:16 MITIT|T
CMP.W Rs, Rd w Rd16-Rs16 MmTiT|e
CMP.L #xx:32, ERd L ERd32—#xx:32 @772
CMP.L ERs, ERd L ERd32-ERs32 @72
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R

of ERd32)

EXTS

(<bits 31 to 16> of
ERd32)

EXTS.W Rd (<bit 7> of Rd16) — tlo
(<bits 15 to 8> of Rd16)
EXTS.L ERd (<bit 15> of ERd32) — Tlo
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AND.L #xx:32, ERd L ERd32A#xx:32 — ERd32 T1T1]o0
AND.L ERs, ERd L 4 ERd32/AERs32 — ERd32 T1T1]o0
OR |OR.B #xx:8, Rd B Rd8#xx:8 — Rd8 T1T10
OR.B Rs, Rd B 2 Rd8Rs8 — Rd8 TiT]o
OR.W #xx:16, Rd w Rd164xx:16 — Rd16 TIT]o
OR.W Rs, Rd w 2 Rd16Rs16 — Rd16 T1T]o
OR.L #xx:32, ERd L ERd324xx:32 — ERd32 T1T]o
OR.L ERs, ERd L 4 ERd32ERs32 — ERd32 TiT]o
XOR |XOR.B #xx:8, Rd B Rd8@®#xx:8 — Rd8 T1T]o
XOR.B Rs, Rd B 2 Rd8®Rs8 — Rd8 Ti1T1]o0
XOR.W #xx:16, Rd w Rd16@#xx:16 — Rd16 Ti1T10
XOR.W Rs, Rd w 2 Rd16®Rs16 — Rd16 TIT]|o
XOR.L #xx:32, ERd L ERd32®#xx:32 — ERd32 T1T1]o0
XOR.L ERs, ERd L 4 ERd32®ERs32 — ERd32 T1T10
NOT |NOT.BRd B 2 - Rd8 — Rd8 T{To0
NOT.W Rd w 2 - Rd16 — Rd16 TiT|o
NOT.L ERd L 2 - Rd32 — Rd32 TiT]o
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SHAR.W Rd wl |2 [L—— I =1t o
SHAR.L ERd L 2 MsB LsB —|=1zTlz]o
SHLL |SHLL.B Rd B| |2 11t o
SHLLW Rd w| |2 Cof N ) o o e ER T
SHLL.L ERd L] |2 MSB LB (1]t o
SHLR |SHLR.B Rd B| |2 S PP
SHLR.W Rd wl |2 o~ M= 1170
SHLR.L ERd L] |2 MSB S8 [——tl1 o0
ROTXL [ROTXL.B Rd B| |2 . S
ROTXLW Rd w| |2 ||. =11t [0
ROTXL.L ERd L] |2 MSB~——LSB |[—|_ |77 |0
ROTXR |ROTXR.B Rd B| |2 ——T1lz o
ROTXR.W Rd wl |2 .Il .
ROTXR.L ERd L] |2 MSB—>1LSB  [—|—[7 (70
ROTL |ROTL.B Rd B| |2 11t o
ROTLW Rd w| |2 |I 11t o
ROTL.L ERd L] |2 MSB=——1SB [ _[7[7 0
ROTR |ROTR.B Rd B| |2 —T—Itlz o
ROTR.W Rd wl |2 l;] 11z o
ROTR.L ERd L 2 MSB —— LSB —|—[zlt o

RENESAS

Rev. 3.00 Sep. 10, 2007 Pag
REJOS



BSET Rn, @ERd

Rn8 of @ERd) « 1

BSET Rn, @aa:8

Rn8 of @aa:8) « 1

BCLR

BCLR #xx:3, Rd

#xx:3 of Rd8) < 0

BCLR #xx:3, @ERd

#xx:3 of @ERd) < 0

BCLR #xx:3, @aa:8

BCLR Rn, Rd

Rn8 of Rd8) « 0

BCLR Rn, @ERd

Rn8 of @ERd) « 0

BCLR Rn, @aa:8

Rn8 of @aa:8) « 0

BNOT

BNOT #xx:3, Rd

U W 0| W 0| W 0| W T

(
(
(
(
(#xx:3 of @aa:8) «— 0
(
(
(
(

#xx:3 of Rd8) «
- (#xx:3 of Rd8)

BNOT #xx:3, @ERd

(#xx:3 of @ERd) «
- (#xx:3 of @ ERd)

BNOT #xx:3, @aa:8

(#xx:3 of @aa:8) «
- (#xx:3 of @aa:8)

BNOT Rn, Rd

(Rn8 of Rd8) «
- (Rn8 of Rd8)

BNOT Rn, @ERd

(Rn8 of @ERd) «
- (Rn8 of @ERd)

BNOT Rn, @aa:8

(Rn8 of @aa:8) «
- (Rn8 of @aa:8)

BTST

BTST #xx:3, Rd

- (#xx:3 of Rd8) — Z

BTST #xx:3, @ERd

- (#xx:3 of @ERd) —» Z

BTST #xx:3, @aa:8

BTST Rn, Rd

- (Rn8 of @Rd8) — Z

BTST Rn, @ERd

(
(
- (#xx:3 of @aa:8) » Z
(
(

- (Rn8 of @ERd) — Z

BTST Rn, @aa:8

- (Rn8 of @aa:8) - Z

R d R d Rl Rl Rl

BLD

BLD #xx:3, Rd

U W 0| W || W T

(#xx:3 of Rd8) — C
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(

B Y

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

CAa(#xx:3 of @ERd24) — C

BAND #xx:3, @aa:8

CA(#xx:3 of @aa:8) —» C

BIAND

BIAND #xx:3, Rd

Cn - (#xx:3 of Rd8) — C

BIAND #xx:3, @ERd

Ch - (#xx:3 of @ERd24) — C

BIAND #xx:3, @aa:8

CA - (#xx:3 of @aa:8) —» C

BOR

BOR #xx:3, Rd

Cv(#xx:3 of Rd8) —» C

BOR #xx:3, @ERd

Cv(#xx:3 of @ERd24) — C

BOR #xx:3, @aa:8

Cv(#xx:3 of @aa:8) - C

BIOR

BIOR #xx:3, Rd

Cv = (#xx:3 of Rd8) — C

BIOR #xx:3, @ERd

Cv = (#xx:3 of @ERd24) — C

BIOR #xx:3, @aa:8

Cv = (#xx:3 of @aa:8) —» C

BXOR |BXOR #xx:3, Rd 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

D W O WO WO WO PO PO PO PO PO OE@

C® - (#xx:3 of @aa:8) » C
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BHI d:8

BHI d:16

BLS d:8

BLS d:16

BCC d:8 (BHS d:8)

BCC d:16 (BHS d:16)

BCS d:8 (BLO d:8)

BCS d:16 (BLO d:16)

BNE d:8

BNE d:16

BEQ d:8

BEQ d:16

BVC d:8

BVC d:16

BVS d:8

BVS d:16

BPL d:8

BPL d:16

BMI d:8

BMI d:16

BGE d:8

BGE d:16

BLT d:8

BLT d:16

BGT d:8

BGT d:16

BLE d:8

BLE d:16

BN AINDBARINDIBRINDAENDBDINDBDNDAENDIBDRNDBAENDBAENDDNDD™DNDDDN

CvZ=0

CvZ=1

N®V =0

N®V =1

Zv (N®V) =0

Zv (N®V) =1
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PC « PC+d:16
JSR |JSR @ERn PC - @-SP —|—
PC < ERn
JSR @aa:24 4 PC - @-SP J
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 1122
LDC Rs, CCR B Rs8 — CCR O RONBON RO K
LDC @ERs, CCR w @ERs — CCR T|T|T|T T
LDC @(d:16, ERs), CCR |W 6 @(d:16, ERs) — CCR AR
LDC @(d:24, ERs), CCR |W 10 @(d:24, ERs) — CCR izl le
LDC @ERs+, CCR w @ERs — CCR
ERs32+2 — ERs32 Hrrre
LDC @aa:16, CCR w @aa:16 — CCR ORRORBONBORE
LDC @aa:24, CCR W @aa:24 — CCR 12121012
STC |STC CCR, Rd B CCR — Rd8 —|—|—|—|—
STC CCR, @ERd W CCR —» @ERd —|—|—|—|—
STC CCR, @(d:16, ERd) |W 6 CCR — @(d:16, ERd) —|—|—|—|—
STC CCR, @(d:24, ERd) |W 10 CCR - @(d:24, ERd) |—|—|—|—|—
STC CCR, @-ERd w ERd32-2 — ERd32 —|—|—|—|—
CCR —» @ERd
STC CCR, @aa:16 w CCR — @aa:16 — ===
STC CCR, @aa:24 w CCR —» @aa:24 — ===
ANDC |ANDC #xx:8, CCR B CCRA#xx:8 — CCR 11T 2
ORC |ORC #xx:8, CCR B CCRv#xx:8 — CCR TI1TI1TIT2
XORC | XORC #xx:8, CCR B CCR@®#xx:8 — CCR T|TIT|T|T
NOP |NOP — 2 |PC « PC+2 — ===
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until R4L=0

else next

EEPMOV. W — 4 |if R4 # 0 then — ===

repeat @R5 — @R6

R5+1 —» R5
R6+1 — R6
R4-1 — R4

until R4=0

else next

Notes: 1. The number of states in cases where the instruction code and its operands a
in on-chip memory is shown here. For other cases see appendix A.3, Numbe
Execution States.

2. nis the value set in register R4L or R4.

(1) Setto 1 when a carry or borrow occurs at bit 11; otherwise cleared to 0.
(2) Setto 1 when a carry or borrow occurs at bit 27; otherwise cleared to 0.
(3) Retains its previous value when the result is zero; otherwise cleared to 0.
(4) Setto 1 when the adjustment produces a carry; otherwise retains its prev
(5)

The number of states required for execution of an instruction that transfel
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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ANV dOX d0 ans dNO aav NON VL
any HOX HO ans diND aav AOW 6L
Ng 1dg Sng OAd o3g ang S04 00d s7d Hg NHg vHg 85
sva 41
ans 03a 03a sans at
03a Vi
AN 93N nix3a nix3a LON 1ON Ll
Loy H104 uX104 HX104 el
LOY 1104 IXL0" X104 4
VHS HYHS HIHS HIHS L
/HS VHS TIHS TIHS ol
vva 40
saav ONI ONI saav €0
ONI VO
d331s 01s/0a1 AOW 10

g v 6 8 A 9 S ¥ € 2z b 0 Im,_< HY

19 |H49 | TV |HV
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BSET #0, @FF00

From table A.4:
I=L=2, J=K=M=N=0

From table A.3:
S,=2, S, =2

Number of states required for execution =2 x2+2x2=38

When instruction is fetched from on-chip ROM, branch address is read from on-chip R(
on-chip RAM is used for stack area.

JSR @@ 30

From table A.4:
I=2, J=K=1, L=M=N=0

From table A.3:
S,=S,=S5,=2

Number of states required for execution=2x2 + 1 x2+1x2=8
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Note: * Depends on which on-chip peripheral module is accessed. See section 21.1, F
Addresses (Address Order).
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ADDS

ADDS #1/2/4, ERd

ADDX

ADDX #xx:8, Rd

ADDX Rs, Rd

AND

AND.B #xx:8, Rd
AND.B Rs, Rd
AND.W #xx:16, Rd
AND.W Rs, Rd
AND.L #xx:32, ERd

AND.L ERs, ERd

ANDC

ANDC #xx:8, CCR

BAND

BAND #xx:3, Rd
BAND #xx:3, @ERd

BAND #xx:3, @aa:8

RENESAS
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BEQ d:8 2

BVC d:8 2
BVS d:8 2
BPL d:8 2
BMI d:8 2
BGE d:8 2
Bce BLT d:8 2
BGT d:8 2
BLE d:8 2
BRA d:16(BT d:16) 2
BRN d:16(BF d:16) 2
BHI d:16 2
BLS d:16 2
BCC d:16(BHS d:16) 2
BCS d:16(BLO d:16) 2
BNE d:16 2
BEQ d:16 2
BVC d:16 2
BVS d:16 2
BPL d:16 2
BMI d:16 2
BGE d:16 2
BLT d:16 2
BGT d:16 2
BLE d:16 2
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BIAND #xx:3, @ERd
BIAND #xx:3, @aa:8

BILD

BILD #xx:3, Rd
BILD #xx:3, @ERd

BILD #xx:3, @aa:8

BIOR

BIOR #xx:8, Rd
BIOR #xx:8, @ERd
BIOR #xx:8, @aa:8

BIST

BIST #xx:3, Rd
BIST #xx:3, @ERd
BIST #xx:3, @aa:8

BIXOR

BIXOR #xx:3, Rd
BIXOR #xx:3, @ERd

BIXOR #xx:3, @aa:8

BLD

BLD #xx:3, Rd
BLD #xx:3, @ERd
BLD #xx:3, @aa:8

BNOT

BNOT #xx:3, Rd
BNOT #xx:3, @ERd
BNOT #xx:3, @aa:8
BNOT Rn, Rd
BNOT Rn, @ERd
BNOT Rn, @aa:8

RENESAS
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BSET Rn, @ERd 2

BSET Rn, @aa:8 2
BSR BSR d:8 2 1
BSR d:16 2 1
BST BST #xx:3, Rd 1
BST #xx:3, @ERd 2
BST #xx:3, @aa:8 2
BTST BTST #xx:3, Rd 1
BTST #xx:3, @ERd 2
BTST #xx:3, @aa:8 2
BTST Rn, Rd 1
BTST Rn, @ERd 2
BTST Rn, @aa:8 2
BXOR BXOR #xx:3, Rd 1
BXOR #xx:3, @ERd 2
BXOR #xx:3, @aa:8 2
CMP CMP.B #xx:8, Rd 1
CMP.B Rs, Rd 1
CMP.W #xx:16, Rd 2
CMP.W Rs, Rd 1
CMP.L #xx:32, ERd 3
CMP.L ERs, ERd 1
DAA DAA Rd 1
DAS DAS Rd 1
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EEPMOV  EEPMOV.B 2 2n+2#
EEPMOV.W 2 2n+2+!

EXTS EXTS.W Rd 1
EXTS.L ERd 1

EXTU EXTU.W Rd 1
EXTU.L ERd 1

INC INC.B Rd 1
INC.W #1/2, Rd 1
INC.L #1/2, ERd 1

JMP JMP @ERn 2
JMP @aa:24 2
JMP @ @aa:8 2

JSR JSR @ERn 2
JSR @aa:24 2
JSR @ @aa:8 2

LDC LDC #xx:8, CCR 1
LDC Rs, CCR 1
LDC@ERs, CCR 2 1
LDC@(d:16, ERs), CCR 3 1
LDC@(d:24,ERs), CCR 5 1
LDC@ERs+, CCR 2 1
LDC@aa:16, CCR 3 1
LDC@aa:24, CCR 4 1

RENESAS
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MOV.B @aa:16, Rd 2
MOV.B @aa:24, Rd 3
MOV.B Rs, @Erd 1
MOV.B Rs, @(d:16, ERd) 2
MOV.B Rs, @ (d:24, ERd) 4

MOV.B Rs, @-ERd 1
MOV.B Rs, @aa:8 1
MoV MOV.B Rs, @aa:16 2
MOV.B Rs, @aa:24 3
MOV.W #xx:16, Rd 2
MOV.W Rs, Rd 1
MOV.W @ERs, Rd 1

MOV.W @(d:16,ERs), Rd 2
MOV.W @(d:24,ERs), Rd 4

MOV.W @ERs+, Rd 1
MOV.W @aa:16, Rd 2
MOV.W @aa:24, Rd 3
MOV.W Rs, @ERd 1

MOV.W Rs, @ (d:16,ERd) 2
MOV.W Rs, @ (d:24,ERd) 4
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MOV.L @(d:24,ERs), ERd 5 2
MOV.L @ERs+, ERd 2 2
MOV.L @aa:16, ERd 3 2
MOV.L @aa:24, ERd 4 2
MOV.L ERs,@ERd 2 2
MOV.L ERs, @(d:16,ERd) 3 2
MOV.L ERs, @(d:24,ERd) 5 2
MOV.L ERs, @-ERd 2 2
MOV.L ERs, @aa:16 3 2
MOV.L ERs, @aa:24 4 2

MOVFPE  MOVFPE @aa:16, Rd+** 2 1

MOVTPE  MOVTPE Rs,@aa:16** 2 1

MULXS MULXS.B Rs, Rd 2
MULXS.W Rs, ERd 2

MULXU MULXU.B Rs, Rd 1
MULXU.W Rs, ERd 1

NEG NEG.B Rd 1
NEG.W Rd 1
NEG.L ERd 1

NOP NOP 1

NOT NOT.B Rd 1
NOT.W Rd 1
NOT.L ERd 1

RENESAS
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POP POP.W Rn 1

POP.L ERn 2
PUSH PUSH.W Rn 1
PUSH.L ERn 2
ROTL ROTL.B Rd 1
ROTL.W Rd 1
ROTL.L ERd 1
ROTR ROTR.B Rd 1
ROTR.W Rd 1
ROTR.L ERd 1
ROTXL ROTXL.B Rd 1
ROTXL.W Rd 1
ROTXL.L ERd 1
ROTXR  ROTXR.BRd 1
ROTXR.W Rd 1
ROTXR.L ERd 1
RTE RTE > 5
RTS RTS 2 1
SHAL SHAL.B Rd 1
SHAL.W Rd 1
SHAL.L ERd 1
SHAR SHAR.B Rd 1
SHAR.W Rd 1
SHAR.L ERd 1
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STC STC CCR, Rd 1

STC CCR, @ERd 2 1
STC CCR, @(d:16,ERd) 3 1
STC CCR, @(d:24,ERd) 5 1
STC CCR,@-ERd 2 1
STC CCR, @aa:16 3 1
STC CCR, @aa:24 4 1
SuUB SUB.B Rs, Rd 1
SUB.W #xx:16, Rd 2
SUB.W Rs, Rd 1
SUB.L #xx:32, ERd 3
SUBL.L ERs, ERd 1
SUBS SUBS #1/2/4, ERd 1
SUBX SUBX #xx:8, Rd 1
SUBX. Rs, Rd 1
TRAPA TRAPA #xx:2 2 1 2
XOR XOR.B #xx:8, Rd 1
XOR.B Rs, Rd 1
XOR.W #xx:16, Rd 2
XOR.W Rs, Rd 1
XOR.L #xx:32, ERd 3
XOR.L ERs, ERd 2
XORC XORC #xx:8, CCR 1

Notes: 1. n: Specified value in R4L and R4. The source and destination operands are ¢
n+1 times respectively.
2. Cannot be used in this LSI.
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Instructions

MOVFPE, — | - = = = | = — | =
MOVTPE
Arithmetic | ADD, CMP BWLBWL| — | — | — | — — | =
operations | gyB WLIBWL — | — [ — [ = —
ADDX, SUBX B B|—|—|—|— — | =
ADDS, SUBS — | L | =] =] == — | =
INC, DEC — BWL| — | — | — | — — | =
DAA, DAS — | B | =] === — | =
MULXU, — |BW| — | — | — | — — | =
MULXS,
DIVXU,
DIVXS
NEG — BWL| — | — | — | — — | =
EXTU, EXTS — |WL| — | — | — | — — | =
Logical AND, OR, XOR — BWL| — | — | — | — — | =
operations | NOT — BwL| — | — | — | — — | =
Shift operations — |BWL| — | — | — | — _ | —
Bit manipulations — | B B | — | — | — — | =
Branching |BCC, BSR — - = =] = | = — | =
instructions JMP, JSR —_ ol =1T=1= — | _
RTS RS [ (I N [N — — 1O
System TRAPA RS (I (I (NN [N — — | =
control RTE — = =] = =] = S R —
instructions SLEEP S A B B R —
LDC B B | W |W|W|W W | W
STC — | B W W |W W W | W
ANDC, ORC, B|—|—|—|—|— — | =
XORC
NOP - === | = | = — | —

Block data transfer instructions
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R ! a—
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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[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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[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)
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[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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[Legend]

PUCR : Port pull-up control register
PMR : Port mode register

PDR: Port data register

PCR: Port control register

FigureB.5 Port 2 Block Diagram (P11)

RENESAS
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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)
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[Legend]

PMR: Port mode 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)
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RxD G_

[Legend]
PDR: Port data register
PCR: Port control register

FigureB.9 Port 2 Block Diagram (P21)
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SCKI QI_‘F

[Legend]
PDR: Port data register
PCR: Port control register

FigureB.10 Port 2 Block Diagram (P20)
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[Legend]
PDR : Port data register
PCR : Port control register

FigureB.11 Port 3 Block Diagram (P37 to P30)
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SDAI/SCLI —@_'

[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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G
[Legend]

PUCR: Port pull-up control register
PMR: Port mode register

Port data register

Port control register

PDR:
PCR:

FigureB.13 Port 5 Block Diagram (P55)

RENESAS
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[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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[Legend]
PDR : Port data register
PCR : Port control register

FigureB.15 Port 6 Block Diagram (P67 to P60)
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TMOV

[Legend]
PDR: Port data register
PCR: Port control register

FigureB.16 Port 7 Block Diagram (P76)
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Timer V v
e ] H—
--------------------- [Legend]

PDR: Port data register
PCR: Port control register

FigureB.17 Port 7 Block Diagram (P75)
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Timer V \V

TMRIV { _U'l

[Legend]
PDR: Port data register
PCR: Port control register

FigureB.18 Port 7 Block Diagram (P74)
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[Legend]

PMR : Port mode register
PDR : Port data register
PCR: Port control register

FigureB.19 Port 7 Block Diagram (P72)
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C_
—

RxD ‘\_.I

[Legend]
PDR : Port data register
PCR : Port control register

FigureB.20 Port 7 Block Diagram (P71)

SBY
SCI3_2
SCKIE
SCKOE ) —{ >
Internal data bus
PDR jD_I
PCR
\I
V
SCKO
SCKI @ [
[Legend]

PDR : Port data register
PCR : Port control register

FigureB.21 Port 7 Block Diagram (P70)
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[Legend]
PDR: Port data register
PCR: Port control register

FigureB.22 Port 8 Block Diagram (P87 to P85)
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Low voltage
detection circuit

& Ly

N4

Figure B.23 Port B Block Diagram (PB7 and PB6)

Internal data bus

1)

A/D converter

SCAN
CH3 to CHO DEC 'l:

.............. o PR

|

:

FigureB.24 Port B Block Diagram (PB5 to PBO)
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PMRC1 I —] _QE):.]:D_
PMRCO
XTALI @
[Legend]

PDR: Port data register
PCR: Port control register

FigureB.25 Port B Block Diagram (PC1)
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PMRCO dD_‘

EXTALI

&

[Legend]
PDR: Port data register
PCR: Port control register

FigureB.26 Port B Block Diagram (PCO)
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P67 to P60  High Retained Retained High Functioning Fu
impedance impedance

P76 to P74, High Retained Retained High Functioning Fu

P72to P70  impedance impedance

P87 to P85  High Retained Retained High Functioning Fu
impedance impedance

PB7 to PBO  High High High High High Hi
impedance impedance impedance impedance impedance im

PC1 and PCO High Retained Retained High Functioning Fu
impedance impedance

Note: * High level output when the pull-up MOS is turned on.
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H8/36079LF 3.3V Regular HD64F36079LH HD64F36079LH
Wide range HD64F36079LHW  HD64F36079LHW
Regular HD64F36079LFZ  HD64F36079LFZ
Wide range HD64F36079LFZW  HD64F36079LFZW
H8/36078GF 5.0 V Regular HD64F36078GH HD64F36078GH
Wide range HD64F36078GHW  HD64F36078GHW
Regular HD64F36078GFZ ~ HD64F36078GFZ
Wide range HD64F36078GFZW HD64F36078GFZW
H8/36078LF 3.3V Regular HD64F36078LH HD64F36078LH
Wide range HD64F36078LHW  HD64F36078LHW
Regular HD64F36078LFZ  HD64F36078LFZ
Wide range HD64F36078LFZW HD64F36078LFZW
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royuici IV VUV T ] & TIWUUVUT VUV T LT o

Wide range HD64F36077LFZW HD64F36077LFZ
H8/36074GF 5.0V Regular HD64F36074GH HD64F36074GH
Wide range HD64F36074GHW  HD64F36074GH!
Regular HD64F36074GFZ HD64F36074GF:
Wide range HD64F36074GFZW HD64F36074GF:
H8/36074LF 3.3V Regular HD64F36074LH HD64F36074LH
Wide range HD64F36074LHW  HD64F36074LHV
Regular HD64F36074LFZ HD64F36074LFZ
Wide range HD64F36074LFZW HD64F36074LFZ

Notes: 1. Operating voltage range: 4.5 to 5.5 V (5.0-V models), 3.0 to 3.6 V (3.3-V moc
2. Operating temperature range: Regular specifications: -20 to +75°C, wide-ran
specifications: -40 to +85°C
3. The table includes products that are yet to be released. For details, please cc
of our sales representatives.

Rev. 3.00 Sep. 10, 2007 Pag
RENESAS REJOS



d1eed

1 ® x[d
T - ~ & &
/ ﬁ . >
B ’ e N
ﬁ WEV £ (Wi i
4
az
Jew xapu|
9l }
RAAAARARAAAAR
UOI}08S SSOI0 [BUIWIS | ul Ll NU 9
=0 =
[ == -]
pm= ==
- Is - =
T |m = =
a == ==
nn = -]
pm= ==
[ == -
2¢ e Q = 67
WLEEEEEEEEEEELLL
€e 8y
9.
ay
Be'0 AP9-dd / Mp9-dd / ¥-D9dr9 V-8)7900401d 05°0-04X0L-79d40T-d
[dALlssvw 8poQ snoinalg 9p00 SYSINTY apoD abexoed v1I13r

FigureD.1 FP-64K Package Dimensions
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MASS[Typ.]

Previous Code

[ RENESAS Code
| PRQP0064GB-A_|

JEITA Package Code

1.29

FP-64AIFP-64AV

P-QFP64-14x14-0.80

N
1
2.
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FigureD.2 FP-64A Package Dimensions
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SRR e = Operating Frequency @ (MHz)
(SC|3) 12.288 1¢
Table 16.3 Examples of BRR Bit Rate n N Ermor N N
Settings for Various Bit Rates (bitis) %)
(Asynchronous Mode) (3)
Section 18 A/D Converter 368 Deleted
Figure 18.1 Block Diagram of
A/D Converter o4
Control circuit o8

Section 21 List of Registers 405 Amended

Register

Name Bit 7

FLPWCR PDWND

EBR1*! EB7

Notes:

4. The bit configuration of EBR1 differs according to products
configuration of each product, see the list below.
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H8/36074G,H8/36074L

Register
Name Bit7 Bit6  Bit5  Bitd Bit3 Bit2 Bit1
EBR1 - - - EB4 EB3 EB2 EB1

Section 22 Electrical
Characteristics 458

415to The wide temperature range of Ta = —40 to +8
added to the conditions.

Table 22.3 AC Characteristics 427

Amended

Item Test Condition

Valut

Typ

On-chip Vec=5.0V
oscillator Ta=25°C
oscillation FSEL=1
frequency VCLSEL=0

19.70

20.0

FSEL =1,

Ta=-20to +75°C,

VCLSEL =0

19.40

20.0

FSEL =1,

Ta =-40 to +85°C,

VCLSEL=0

19.20

20.0

Vec=5.0V,
Ta =25°C,
FSEL =0,
VCLSEL =0

15.76

16.0

FSEL =0,

Ta =-20t0 +75°C,

VCLSEL =0

15.52

16.0

FSEL =0,

Ta =-40to +85°C,

VCLSEL=0

15.36

16.0
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Absolute accuracy - —

Table 22.9 Power-Supply- 434 Amended

Voltage Detection Circuit valu

Characteristics —————
Item Min Typ
Reset detection voltage 2** 3.3 3.6

Table 22.12 440 Amended

DC Characteristics (1) Valt
Item Symbol Min Typ

Pull-up MOS current -, = 60.0
Amended
Valu
Item Symbol Min Typ
Active mode current
consumption
lopes — 238
— 25
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Ta=-401o +85°C,

VCLSEL =0
Vec =33V, 15.76 16.0(
Ta =25°C,
FSEL =0,
VCLSEL =0
FSEL =0, 15.36 16.0
Ta =-20to +75°C,
VCLSEL =0
FSEL=0, 15.52 16.0
Ta = -40 to +85°C,
VCLSEL =0
Table 22.19 Power-Supply- 453 Amended
Voltage Detection Circuit Values
Characteristics : :
Item Min. Min.
Power-supply falling 2.8 29
detection voltage
Power-supply rising 2.9 3.0

detection voltage
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Wide range HDB4F36079LHW HDG4F3607
Regular HDB4F36079LFZ HDG4F3607
Wide range HDB4F36079LFZW HDB4F3607
HB/36078GF 50V Rogular HDB4F36078GH HDB4F3607
Wide range HDB4F36078GHW HDG4F3607
Regular HDB4F36078GFZ HDG4F3607
Wide range HDB4F36078GFZW HDB4F3607
He/36078LF 33V Rogular HDB4F36076LH HDB4F3607
Wide range HDB4F36078LHW HDG4F3607
Regular HDB4F36076LFZ HDG4F3607
Wide range HDB4F36078LFZW HDB4F3607

RENESAS
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Wide range HDB4F36077LHW HDB4F36077LF
Regular HDB4F36077LFZ HDG4F36077LF
Wide range HDBAF36077LFZW HDB4F36077LF
HBI36074GF 50V Rogular HDB4F36074GH HDB4F36074GH
Wide range HDB4F36074GHW HDB4F36074GH
Regular HDB4F36074GFZ HDB4F36074GH
Wide range HDB4F36074GFZW HDB4F36074GH
HBI36074LF a3V Rogular HDB4F36074LH HDB4F36074LF
Wide range HDB4F36074LHW HDG4F36074LF
Regular HDB4F36074LFZ HDG4F36074LF
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Address break .......cooovveviiiiiiiiiiiiiiiieeeee, 63

Addressing modes............cceeveerienrienreennenn 30
Arithmetic operations instructions............ 21
Asynchronous mode ...........ccceeeveeveennenns 303
Auto-reload timer operation.................... 183
B

Bit manipulation instructions.................... 24
Bit 1ate .oo.oovveeieeieienieeecee 296
Bit synchronous circuit.............cccoveeenenne 363
Block data transfer instructions ................ 28
Boot mode.........ccceeerieieniieeee 117
Boot program.........ccceeeveevciieeciieniieeneeenns 117
Branch instructions ...........cccoeeeeveeeenenee. 26
Break. ..o 326
Buffer operation..........cccoeevvevcierniiieennenns 254
C

Clock synchronous mode........................ 311
Clock synchronous serial format ............ 354
Complementary PWM mode.................. 244
Condition field........cocooerineniiinieiene. 29
Condition-code register (CCR)................. 14
CPU e 9

Erase/erase-verify .......ccocceevvueenee.
Erasing units ........cccoeeveveiieeneennne.
Error protection.........c.ceecveeeeveenee.
Event counter operation................
Exception handling ......................

F

Flash memory..........ccoeevveveeennnen.
Framing error.........ccccceevevveeneenne.

G

General registers ........cccceceeevenenne.

H

Hardware protection.....................

I

/0O port block diagrams ...............
T/O POItS ..ceveceveeieieeieeeee e,
I°C bus format...........ccooevvueeen..
I’C bus interface 2 (IIC2).............
Immediate .........ccoccveeverienieennennen.
Initial setting procedure ...............
Input capture function..................
Instruction set........ccceveveerveeeueennn.
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Logic operations instructions.................... 23
Low-voltage detection circuit................. 379
LVDI (interrupt by low voltage detect)
CITCUIL ... 389, 390
LVDR (reset by low voltage detect)

(630 3 L R 387

M

Memory indirect ........cceeeveerveenveenveennenns 32
MEMOTY MAP ..evveeevreenireeieeeireeireenireeneeeens 11
Module standby function........................ 106
Multiprocessor communication
fUNCHION.....eieeieieeeee e 318

N
NMIINterrupt.....cceeveeeevveerieeeiieeieeeieeeneenn 56
Noise canceler .......cooovvveveeeieiiiveeeieeeeenn, 357

0

On-board programming modes............... 117
Operation field.........cccoovveveeeiiiciinieie, 29
OVEITUN EITOT ...t 307

Program/program-verify ................
Program-counter relative ...............
Programmer mode...........cccccuenne...e.
Programming units............c..c........
Programming/erasing in

Realtime clock (RTC)....................
Register direct........ccovevvueerveennens
Register field.......c.ccocovvevievieennnns
Register indirect.........cccevverueennnnne.
Register indirect with displacemen
Register indirect with post-increme
Register indirect with pre-decreme:

Register settings.........cccevvereeenennne.

Registers
ABRKCR......cccevinennene 64, 400
ABRKSR ....ccccoinienne 67, 400
ADCR ..cccovviviriiennn 372,400
ADCSR ....ccovvvenenn 371, 399
ADDRA .....ccoovvin 370, 399.
ADDRB .....cccccoeinenn. 370, 399
ADDRC .....cccccevencnn 370, 399.
ADDRD .....cccccvvinnnnn. 370, 399
BARE.....ccocooeiriniinnn 67, 400
BARH ....ccoeovviricinne 67, 400
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GRB ..o, 213, 396, 403, 409

GRC ..o, 213,396, 403, 409
GRD...coovviriiiiiiiens 213,396, 403, 409
ICCRI...cooviiiiins 332,398, 405, 410
ICCR2...cooviiiis 335, 398, 405, 410
ICDRR.....cceovvries 344, 398, 405, 410
ICDRS ..o 344
ICDRT ..o 344, 398, 405, 410
ICIER ..ot 338, 398, 405, 410
ICMR ..o 336, 398, 405, 410
ICSR ..o, 340, 398, 405, 410
IEGRI ...ccoooiiiiiinne, 48,401, 407,413
IEGR2...cccooiiiiiiinne. 49, 401, 407,413
IENRI ...ccooeiiiiie 50, 401, 407, 413
IENR2....ccooiiiiiie 51,401,407, 413
IRRI i 51,401, 407, 413
IRR2 ..o 53, 402,407, 413
IWPR ..o 53, 402,407, 413
LVDCR......cccoeienee. 382,397, 404, 410
LVDRF ..o 385,397, 404, 410
LVDSR ... 384,397, 404, 410
MSTCRI....ccoevieins 98, 402, 408, 413
MSTCR2.......coovens 99, 402, 408, 413
PCRI....cooiiii. 133,401, 407, 412
PCR2....cooiiii. 137,401, 407, 412
PCR3...ccooiiii 141, 401, 407, 412
PCRS...ccviiii 147,401, 407, 412
PCR6......covviiinn. 151,401, 407, 412
PCR7...ccoviiiiennn 156,401, 407, 412

PMRI ... 132,40
PMR3 ..o, 138, 40
PMRS....ccoii 146, 40
POCR....cccooviins 221, 39
PUCRI ..cccooiiieins 134, 40
PUCRS ..o, 148, 40
PWCR...ccoiiiies 283, 40
PWDRL ... 283,40
PWDRU ... 283,40
RCCR....ccviiiinee 73,39
RCTRMDPR................. 74, 39
RCTRMDR.................... 75, 39
RDR ... 289, 39
RHRDR........ccoeene. 171,39
RMINDR..........cceene. 170, 39
RSECDR.......cceeuene. 169, 39
RSR ..o
RTCCRI ..o 173,39
RTCCR2 ......cccveuienes 174, 39
RTCCSR........ccveunene. 175,39
RWKDR......ccccoveee. 172,39
SAR ..o 343,39
SCR3 ... 292,39
SMR ..o 290, 39
SSR . 294, 39
SYSCRI..ccoooviiiiins 94, 40
SYSCR2.....ccoeoviiiine 97,40
TCBIl.ooooiiiie 182, 39
TCNT .o 213,39
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TIER ..o, 220, 396, 403, 409 System clocks .......ccevveiieiieiennene
TIORA...cooveeieeviein, 215, 396, 403, 409 System control instructions............
TIORC .....covvvveeveennn, 216, 396, 403, 409 System prescaler S.........ccceevveenee.
TLBIL..oooviiiiiieieeee, 182, 398, 405, 410
TMBI i, 181, 398, 405, 410
TMDR.......coveereeirrenn. 206, 397, 404, 409 T
TMWD ..o 278, 400, 406, 411 Timer Bl ..oooooooviieiiiiecieceee,
TOCR ... 212,397, 404, 409 TIMEr Vi.ooooiiiiieeeeeeeceeeeeeee
TOER......coviiiririnns 210, 397, 404, 409 TIMET Z oo
TPMR oo 207,397, 404, 409 Transfer rate........coceceveeeenecncnncnne.
TSR, 218, 396, 403, 409 Trap inStruction...........oo.oeveveveen.
TSTR oo, 206, 397, 404, 409
Reset exception handling.............ccccveneee. 55
Reset synchronous PWM mode.............. 240 \%
Vector address...........ccceeeeeveeenn...
S
Sample-and-hold circuit ............cccovennenne 374 W
Scap mode ...... e 373 Watchdog timer......oooooooooereor..
Serlal communication Waveform output.........ccevvevennnnne.
1nt§rf§ce 3 (SCI3) ................................... 285 Waveform output by compare mat
Shift inStructions..........cccceeveeevveeeveeenreennen. 23 WKPS5 to WKPO interrupts ...........
Single Mode.......c.ocovvevieieiiiiierieiees 373
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