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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sal es office. Also, please pay regular and careful attention 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 ater, 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 losses incurred 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 development 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 errors in 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. You must check the quality grade of each Renesas Electronics product before using it in a particular
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 be in 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 el ectronic appliances, machine tools; persona electronic equipment; and industria 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; agrospace 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 a direct 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 physical 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 a result 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 sales 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.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.




RENESAS APPLICATION NOTE

H8S/2400 Series
CRC Operation Circuit

Introduction

This application note covers using the CRC operation circuit to generate 2-byte CRC codes for 256-byte data blocks
and using the generated CRC codesto perform error checking on data blocks.

By using the CRC operation circuit, the reliability of high-speed datatransfer can be enhanced.

Target Devices
o H8S/2472, H8S/2463, H8S/2462 Group

Preface

This program can be used with other H8S Family MCUs that have the sameinternal /O registers as the devices on
which operation has been confirmed. Check the latest version of the manual for any additions and modifications to
functions.

Careful evaluation is recommended before using this application note.
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H8S/2400 Series
CRC Operation Circuit

1. Specifications

The specifications of this application note cover using the CRC operation circuit to generate 2-byte CRC codes and

using the CRC codesto perform error checking on data blocks.

The detailed specifications for the operations described in this application note are listed below.

e Thepolynomia expression used to generate the CRC is X™® + X2 + X° + 1.
e Each CRC calculationis performed on a block consisting of 256 bytes of data.

e Theblock consists of 256 bytes of sequentia data as follows: H'00, H'01, H'02, ..., H'FD, H'FE, H'FF.

e The CRC codeis generated for LSB-first communication.
e This application note covers the CRC cal culation processing only.

Figure 1 shows an overview of the operations described in this application note.

e -I CRC code generation |- --------------------------------------
E Data array CRC code

: H'00 to HFF

H i ircui 2 bytes

: (256 bytes) . CRC operation circuit E—— (2 bytes)
yoTTTTTTmTETmmmammmmmmmanenet 'I Data block error checking | """"""""""
E Data array CRC code =0

H H'00 to H'FF No error

: (256 bytes) —

E — CRC operation circuit

: CRC code T CRC code #, 0

H (2 bytes) Error

Figure 1 Operation Overview

REJ06B0818-0100/Rev.1.00 January 2009
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2. Applicable Conditions

Table 1 Applicable Conditions

Item Description
Operating frequency Input clock: 8.0 MHz

System clock (¢): 32 MHz (8.0 MHz multiplied by 4*)
Operating voltage 3.3V

Operating mode

Mode 2 (MD2 = 1, MD1 = 1)

Evaluation board

Renesas Technology
ROK402472D000BR

Integrated development
environment

High-performance Embedded Workshop (HEW) Ver.4.04.01.001

C/C++ compiler

Renesas Technology
H8S,H8/300 C/C++ Compiler (V.6.02.00)

Compile options

-Cpu=2600A:24, -optimize = 1

Optimizing linkage editor

Renesas Technology
Optimizing Linkage Editor (V9.03.00)

Linker options

start = PResetPRG,PIntPRG/0400,
P,C,C$DSEC,C$BSEC,D/0800,
B,R/0OFF0800,
S/OFFEEOQOQO

Note: * The PLL multiplier circuit multiplies the externally input clock by 4.

REJO06B0818-0100/Rev.1.00
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3. Functions Used

The CRC operation circuit can be used to detect errorsin data blocks in order to assure the reliability of datatransfer,
such as high-speed transmission and reception operations.

The features of the CRC operation circuit are listed below.

e CRC code generated for any desired datalength in an 8-bit unit

e CRC operation executed on eight bitsin paralléel

e One of three generating polynomials selectable

e CRC code generation for LSB-first or MSB-first communication selectable

Figure 2 isablock diagram of the CRC operation circuit.

N
Control
-— CRCCR signal
g CRC code
] G CRCDIR generation
% circuit
£
) CRCDOR
NS
Legend:

CRCCR: CRC control register
CRCDIR: CRC data input register
CRCDOR: CRC data output register

Figure 2 Block Diagram of CRC Operation Circuit
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H8S/2400 Series
RENESAS CRC Operation Circu
3.1 Note on CRC Operation Circuit
Note that the sequence to transmit the CRC code differs between L SB-first transmission and M SB-first transmission.

1. CRC code generation

After specifying the operation method, write data to CRCDIR in the sequence of (1) - (2) — (3) — (4).
7 0

CRCDIR (1) > (2) > (3) > (4)
\U/CRC code generation
7 0
CRCDORH (5)
CRCDORL (6)

2. Transmission data

(i) LSB-first transmission
| CRC code

7 07 07 07 07 07 0
[ & | ® | @ | & | @ | @ |=>outpu

(i) MSB-first transmission

|. CRC code »
7 07 07 07 0'7 07 0

Output<—| 1) | () | 3) | (4) | (5) | (6) |

Figure 3 LSB-First and MSB-First Transmit Data
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4. Operation

In the example shown below, a CRC code for LSB-first communication is generated for the hexadecimal data H'FO
using the polynomial expression X'® + X* + X° + 1 and with bits G1 and GO in CRCCR set to B'11.

1. Write H'83 to CRCCR 2. Write HFO to CRCDIR
7 0 7 0
crecR [ 1] o] ofolo] o] 1]1] crepR - [ 1] 1] 1][1]0] o] ofo]

\U/ CRCDOR clearing U CRC code generation
0 7 0

CRCDORH| O| 0| Of|O|0O| O| OO CRCDORH | 1| 1| 1[1|0]| 1| 1|1
CRCDORL [ 0| O|O|O|O| Of| OO CRCDORL [ 1| OO0 1] 1] 11
3. Read from CRCDOR
CRC code = H'F78F
4. Serial transmission (LSB first)
< CRC code »le Data >
7 0 7 0' 7 0
Lolal[afolala[sfsfofofofsfs[a]s]a][1[1]0]0]ofo|=outpu
F 7 8 F F 0

Figure 4 LSB-First Data Transmission
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1. Serial reception (LSB first)
- CRC code

Data

0 7

> »
% L
0

0' 7

7
[l 1[a]o]a[a]1[a]o]o]o]a[a]a]1[a]1]1]1]0]0o]o]o|===bmput

F 7 8

2. Write H'83 to CRCCR
7 0

L1]ofofofofof4]1]

\U/ CRCDOR clearing
7 0

CRCDORH | 0| OfOjO|O|O|O|O
CRCDORL | 0| O|O|OfO|OfO]O

CRCCR

4. Write H'8F to CRCDIR
7 0
Lifolofolalafa]1]

\U/ CRC code generation
7 0

CRCDORH | O OfO[O|O| O|O|O
CRCDORL | 11| 1|10 1[1]1

CRCDIR

6. Read from CRCDOR
CRC code = H'0000 — No error

F F 0

3. Write H'FO to CRCDIR
7 0

Lifi[+[+1]ofofofo]

\U/ CRC code generation
7 0

CRCDORH [ 1|1 [ 1[1][O0]| 1[1][1
CRCDORL | 10| OO 1] 1[1]1

CRCDIR

5. Write H'F7 to CRCDIR

7 0
crReoR [ 1] 1] 1[0 1] 1]1]

\U/ CRC code generation
7 0

CRCDORH | 0| OfO[O|O|O|O|O
CRCDORL [ 0| O|O|O|O|O|O]|O

Figure 5 LSB-First Data Reception

REJO06B0818-0100/Rev.1.00

January 2009

Page 7 of 20




H8S/2400 Series
u {EN ESAS CRC Operation Circuit

5. Functions

5.1 Symbolic Constants

Table 3 List of Symbolic Constants

Set
Constant Name Value Description Used by Functions
MAX_CRC_DATA _CNT 256 Maximum number of data bytes for CRC  init
calculation crc_code_generation
mistake_detection
5.2 Unions
Table 4 List of Unions
Union Variable Variable No. of
Type Name Type Name Type Name Bits Description Used by Function
union uCODE unsigned WORD — — 16 Word access init
int variable crc_code_generation
struct BIT unsigned H 8 CRC code mistake_detection
char upper bits
unsigned L 8 CRC code
char lower bits
5.3 RAM Variables
Table 6 List of RAM Variables
Type Variable Name Set Value Description Used by Functions
union crc_code 0 CRC code init
uCODE crc_code_generation
mistake_detection
const crc_data 0x00, 0x01, 0x02,..., Data for CRC init
unsigned [MAX_CRC_DATA _CNT] ..., OXFD, OXFE, OxFF  calculation crc_code_generation
char mistake_detection

REJ06B0818-0100/Rev.1.00 January 2009 Page 8 of 20
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54 List of Functions

Table 7 List of Functions

Function Name Description

PowerON_Reset ¢ [nitial settings function
Initializes status pointer (SP), sets interrupt mask bits, sets uninitialized/initialized
data, calls main function.

main e Main function
Performs initialization, generates CRC code, detects errors.
init o |/O register initialization function

Initializes registers.

crc_code_generation CRC code generation function

Generates a CRC code in LSB-first format.

Error detection function
Detects errors in the data block.

mistake_detection

REJ06B0818-0100/Rev.1.00 January 2009 Page 9 of 20
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55 Functions

5.5.1 PowerON_Reset Function
(1) Functional Overview

The PowerON_Reset function initializes the status pointer (SP) and uses embedded functions and standard library
functionsto set interrupt mask bits and set uninitialized/initialized data. Then it calls the main function.

(2) Arguments
None

(3) Returned values
None

(4) Description of internal 1/0O registers used
None

(5) Flowchart

( PowerON_Reset )

set_imask_ccr((_UBYTE)1)*

_INITSCT()*

set_imask_ccr((_UBYTE)0)*

main()

Call interrupt mask bit setting function to
enable interrupt mask bits.

Call section initialization function.

Call interrupt mask bit function to
disable interrupt mask bits.

Call main function.

sleep()*

=

Notes: * e set_imask_ccr function: Embedded function
e _INITSCT function: Standard library function
e sleep function: Embedded function

Call sleep function.

For details, see 6., Reference Documents, Development Environment Manual.

Figure 6 Flowchart (PowerON_Reset)

REJ06B0818-0100/Rev.1.00 January 2009
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5.5.2 main Function
(1) Functional Overview

The main function initializes the registers, generates a CRC code, and performs error detection.
(2) Arguments

None
(3) Returned values

None
(4) Description of internal /O registers used

None
(5) Flowchart

=

init() } Call initialization function
crc_code_generation() } Call CRC code generation function
mistake_detection() } Call error detection function

-

Figure 7 Main Flowchart (main)
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5.5.3 init Function
(1) Functional Overview

Theinit function initializes the registers.
(2) Arguments

None
(3) Returned values

None
(4) Description of internal /O registers used

Theinterna 1/0O registers used by this function are shown below. Note that the setting val ues shown are those used
for this sample task and differ from the initial values.

e Mode Control Register (MDCR) - Number of bits: 8, Address. H'FFFFC5

Set
Bit Bit Name Value R/W Descriptions
2 MDS2 — R Mode Select 2 and 1
1 MDS1 — R These bits indicate the input levels at mode pins (MD2 and MD1)

(the current operating mode). Bits MDS2 and MDS1 correspond to
MD2 and MD1, respectively. MDS2 and MDS1 are read-only bits
and they cannot be written to. The mode pin (MD2 and MD1) input
levels are latched into these bits when MDCR is read. These
latches are canceled by a reset.

¢ Standby Control Register (SBY CR) - Number of bits: 8, Address: H'FFFF84

Set
Bit Bit Name Value R/W Descriptions
2 SCK2 0 R/W System Clock Select 2to 0
1 SCK1 0 R/W Select a clock for the bus master in high-speed mode or medium-
0 SCKO 0 R/W speed mode.

000: High-speed mode

e SUBMSTPBL causes on-chip peripheral modules to shift to module stop mode in module units. Each module can
be set to modul e stop mode by setting the corresponding bit to 1.

¢ Module Stop Control Register L (MSTPCRL) - Number of bits: 8, Address. H'FFFF87

Set
Bit Bit Name Value R/W Descriptions
1 MSTP1 0 R/W CRC operation circuit

REJ06B0818-0100/Rev.1.00 January 2009 Page 12 of 20
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e CRC Control Register (CRCCR) - Number of bits: 8, Address. H'FFFED4

Set
Bit Bit Name Value R/W Descriptions
7 DORCLR 0 w CRCDOR Clear
Setting this bit to 1 clears CRCDOR to H'0000.
2 LMS 0 R/W CRC Operation Switch
Selects CRC code generation for LSB-first or MSB-first
communication.
0: Performs CRC operation for LSB-first communication. The lower
byte (bits 7 to 0) is first transmitted when CRCDOR contents
(CRC code) are divided into two bytes to be transmitted in two
parts.
1 Gl 1 R/W CRC Generating Polynomial Select
0 GO 1 R/W These bits select the polynomial.
11: X+ X2+ X+ 1

(5) Flowchart

—

dummy = SYSTEM.MDCR.BYTE

Read MDCR.
Latch mode pin input level.

SYSTEM.SBYCR.BYTE = 0x00

Specify high-speed mode.

P1.DR.BYTE = 0x00

Set port 1 output value to 0x00.

P1.DDR.BYTE = 0x03

SYSTEM.MSTPCRL.BYTE = 0xFD

Clear CRC module stop.

CRC.CRCCR.BYTE = 0x83

Clear CRC data output register.

Set X6 + X2 + X5 + 1 as polynomial expression.

crc_code.WORD =0

end

)

Generate CRC code for LSB-first communication.

} Set P10 and P11 to output for error determination.

Figure 8 Initialization Flowchart (init)
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554 crc_code_generation Function
(1) Functional Overview

The crc_code_generation function generates a CRC code in LSB-first format using the CRC operation circuit.
(2) Arguments

None
(3) Returned values

None
(4) Description of internal /O registers used

Theinterna 1/0O registers used by this function are shown below. Note that the setting val ues shown are those used
for this sample task and differ from theinitia values.

e CRC Control Register (CRCCR) - Number of bits: 8, Address: H'FFFED4

Set
Bit Bit Name Value R/W Descriptions
7 DORCLR 0 W CRCDOR Clear

Setting this bit to 1 clears CRCDOR to H'0000.

e CRC Datalnput Register (CRCDIR) - Number of bits: 8, Address. H'FFFED5S

CRCDIR is an 8-hit readable/writable register, to which the bytes to be CRC-operated are written. Theresult is
obtained in CRCDOR.

e CRC Data Output Register (CRCDOR) - Number of bits: 16, Address: H'FFFED6
CRCDOR is a 16-hit readabl e/writabl e register that contains the result of CRC operation when the bytes to be CRC-
operated are written to CRCDIR after CRCDOR is cleared. When the CRC operation result is additionally written
to the bytes to which CRC operation is to be performed, the CRC operation result will be H'0000 if the data
contains no CRC error. When bits 1 and 0 in CRCCR are set to G1 = 0 and GO = 1, respectively, the lower byte of
this register contains the result.
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(5) Flowchart

( crc_code_generation )

CRC.CRCCR.BYTE = 0x83 } Clear CRCDOR.

i=0;
i < MAX_CRC_DATA_CNT;
i++
I

CRC.CRCDIR = crc_datali]

Generate CRC code.

l\

crc_code.WORD =
Read CRC code.

CRC.CRCDOR

-

Figure 9 CRC Code Generation Flowchart (crc_code_generation)
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5,55 mistake_detection Function
(1) Functional Overview

The mistake_detection function detects errors in the data block using the CRC operation circuit.
(2) Arguments

None
(3) Returned values

None
(4) Description of internal /O registers used

Theinterna 1/0O registers used by this function are shown below. Note that the setting val ues shown are those used
for this sample task and differ from theinitia values.

e CRC Control Register (CRCCR) - Number of bits: 8, Address: H'FFFED4

Set
Bit Bit Name Value R/W Descriptions
7 DORCLR 0 W CRCDOR Clear

Setting this bit to 1 clears CRCDOR to H'0000.

o CRC Datalnput Register (CRCDIR) - Number of bits: 8, Address. H'FFFED5S

CRCDIR is an 8-hit readable/writable register, to which the bytes to be CRC-operated are written. Theresult is
obtained in CRCDOR.

e CRC Data Output Register (CRCDOR) - Number of bits: 16, Address: H'FFFED6
CRCDOR is a 16-hit readabl e/writabl e register that contains the result of CRC operation when the bytes to be CRC-
operated are written to CRCDIR after CRCDOR is cleared. When the CRC operation result is additionally written
to the bytes to which CRC operation is to be performed, the CRC operation result will be H'0000 if the data
contains no CRC error. When bits 1 and 0 in CRCCR are set to G1 = 0 and GO = 1, respectively, the lower byte of
this register contains the result.
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(5) Flowchart

( mistake_detection )

CRC.CRCCR.BYTE = 0x83 Clear CRCDOR.

i=0;
i < MAX_CRC_DATA_CNT;
i++
|

CRC.CRCDIR = crc_datali]

|\|J

CRC.CRCDIR = crc_code.BIT.L

Generate CRC code.

Start writing with lower 8 bits of CRC code
due to LSB-first format.

Write upper 8 bits of CRC code.

CRC.CRCDIR = crc_code.BIT.H

No
CRC.CRCDOR Detect data block errors.
_ _ If normal, output high-level on P10.
P1.BIT.P10DR =1 P1.BIT.P11DR =1 If error, output high-level on P11.

—_ M =

GRS

Figure 10 Error Detection Flowchart (mistake_detection)
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6. Reference Documents

e Hardware Manua
H8S/2472, H8S/2463, H85/2462 Group Hardware Manual
(Thelatest version can be downloaded from the Renesas Technology Web site.)

¢ Development Environment Manual
H8S/300, H8/300 Series C/C++ Compiler Package User's Manual
(The latest version can be downloaded from the Renesas Technology Web site.)

e Technical News/Technical Updates
(The latest information can be downloaded from the Renesas Technology Web site.)

REJ06B0818-0100/Rev.1.00 January 2009 Page 18 of 20



LENESAS

H8S/2400 Series
CRC Operation Circuit

Website and Support

Renesas Technology Website
http://www.renesas.com/

Inquiries
http://www.renesas.com/inquiry
CSc@renesas.com
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Notes regarding these materials

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

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

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

4. All information included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com )

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

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

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

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

(1) artificial life support devices or systems

(2) surgical implantations

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

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

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

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

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

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

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

© 2009. Renesas Technology Corp., All rights reserved.
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