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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.




1RENESAS APPLICATION NOTE

H8/300L SLP Series
Fast MSB and LSB Rotate Method for 8 bit Data

Introduction

The serial communication interface present on some of the SLP devices is capable of both
synchronous and asynchronous communication. When receiving byte information, it is sometimes
necessary to rotate the received data from MSB first to LSB first and vice versa. This application
note investigates methods of speeding up an LSB to MSB rotate.

Contents

CONTENTS etttk e s e e s e e e e e nnrns 1

N 1 T 2
1. 8 BIT ROTATE THEORY ...etttiieiiiiititeeeteee s e sttt e e sttt e e e e ettt e e e e s e s e e e e e e e s s e nannnees 2
TRADITIONAL 8 BIT ROTATE ..etteiiureeteeiureeeeesreeeeesrneeeessseeeesasseeeesasneeeesassaeeesasneeeessnneeessnnneeesnnneeesnnnneeens 2
LOOK UP TABLE ...etttiiiiiittttittte ettt ettt e e e s e e e e e e e e e s bbb e et e e e e e s s b e e et e e e e e s s e n e et e e e e s e nnneees 3
2. WORKSPACE .....ittteiiiete e sttt et e e e e e e st e e e e e e s e bbb e et e e e e e s s e e et e et e e e s e aannreneees 6
3. CODE DESCRIPTION ...uuttttitiiees ittt s e s bt e e s st e s e e s s s bbb e e e e e e s s s bbb b e e e aa e e s s ssnnes 6
SWAP_MSB_LSB FUNCTION ..1ettttttiiiitttee it e e sttt e e e s et e e e e e s s e e e e e e e s s e e et ae e e e s snnrnneeeeeeeneas 8
LOOK_UP_TABLE_IMETHOD FUNCTION t11tttuutttttetitttiiisseeeteesiesianseesseesassasessssessssanasseessesssssnnseessesessssnnns 9
4. PERFORMANCE RESULTS ...coiiiitiiieiiiiie ettt e e 10
RS =1 TP PP PPPPPTPI 10
L0 0] 0] 4 = PP 11

CONCLUSION. ...ttt e st e e e s s e bnnnrnnn 12

REG05B0008-0100/Rev.1.00 October 2008 Page 1 of 13



’ z H8/300L SLP Series
u EN ESAS Fast MSB and LSB Rotate Method for 8 bit Data

Aim
The aim of this application note is to demonstrate a method for reducing the time taken by a H8
CPU to perform an 8 bit rotate from LSB first to MSB first. The code included in this note contains

two methods for completing an 8 bit rotate. The first method utilizes a look up table; the second
physically rotates the data from MSB first to LSB first.

1. 8 Bit Rotate Theory

This section gives a brief overview of each method used to perform the 8 bit rotate

Traditional 8 bit rotate

This method copies the received value into an 8 bit location. Bit seven of the received value is then
placed in bit O of the copied value, then bit six into bit 1 etc. until finally bit O of the received value
is placed in bit 7 of the copied value. A copied value is required as otherwise the bits of the received
value would be overwritten by each other.

Figure shows a diagrammatic explanation of this method.
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Received Value

BIT7|BIT6|BIT5BIT4|BIT3|BIT2 BIT1|BITO
SBY | SB6 | SB5 | SB4 | SB3 | SB2 | SB1 | SBO

Copy of Received Value

BIT7 BIT6BITS5|BIT4|BIT3|BIT2BIT1[BITO
SB7 | SB6 | SB5 | SB4 | SB3 | SB2 | SB1 | SBO

| Place bit 7 of received
value in copied value

BIT7|BIT6BITS5|BIT4|BIT3|BIT2Z|(BIT1|BITO
SB7 | SB6 | SB5 | SB4 | SB3 | SB2 | SB1 | SBY

Place bit 6 of received
value in copied value

BIT7|BIT6BITS5|BIT4|BIT3|BITZ2|BIT1|BITO
SB7 | SB6 | SB5 | SB4 | SB3 | SB2 | SB6 | SB7

Place bit5 of received
value in copied value

BIT7BIT6BITS5|BIT4|BIT3|BITZ2BIT1|[BITO
SB7 | SB6 | SB5 | SB4 | SB3 | SBS | SB6 | SBY

Place bit 4 of received
value in copied value

BIT7|BIT6BITS5|BIT4|BIT3|BIT2|BIT1|BITO
SB7 | SB6 | SBS | SB4 | SB4 | SBS | SB6 | SBY

| Place bit 3 of received
value in copied value

BIT7|BITG6 BIT5(BIT4|BIT3|BIT2|BIT1|BITO
SB7 | SB6 | SB5 | SB3 | SB4 | SB5 | SB6 | SBY

| Place bit 2 of received
value in copied value

BIT7|BITG6BITS5BIT4|BIT3|BIT2 BIT1|BITO
SB7 | SB6 | SB2 | SB3 | SB4 | SBS | SB6 | SBY

| Place bit 1 of received
value in copied value

BIT7|BIT6 BIT5(BIT4|BIT3|BIT2|BIT1|BITO
SB7 | SB1| SB2 | SB3 | SB4 | SBS | SB6 | SBY

|__Place bit 0 of received
value in copied value

BIT/BIT6BITS|BIT4|BIT3|BIT2|BIT1|BITO
SBO| SB1 | SB2 | SB3 | SB4 | SB5 | SB6 | SBY

Final Value attained!
Figure 1: MSB and LSB rotate via traditional method

Look Up Table

The look up table method involves a table of 258 values. The data within the table reflects pre-
rotated MSB to LSB values. The first value in the table is the MSB to LSB rotated value of 0, the
second is the rotated value of 1, the third the rotated value of 2, etc. This means that if the received
8 bit value is used as the index value in the look up table, then the value in the look up table at this
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location will give the received MSB to LSB rotated value. Figure 2 shows a graphical explanation
of the look up table method.

INDEX

0x00 - OxOF O

0x10 - Ox1F
0x20 - Ox2F
0x30 - 0x3F
0x40 - 0x4F
0x50 - 0x5F
0x60 - Ox6F
0x70 - Ox7F
0x80 - Ox8F
0x90 - Ox9F
0xAO0 - OxAF
0xBO - OxBF
0xCO - OxCF
0xDO - OxDF
OxEO - OxEF

OxFO - OxFF OF

Table contains MSE and LSB rotated
values of the index

FO
88 78
44 B4
CcC 3C
22 D2
AA A
66 96
EE1E
E1 11
69 99
Ab 55
2D DD
C3 33
4B BB

87 77
FF

Figure 2: The look up table with example values
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Received Value

BIT7|BIT6BITS|BIT4|BIT3|BITZ2|BIT1|BIT0| =index
SB7 | SB6 | SB5 | SB4 | SB3 | SB2 | SB1 | SBO | = gy31
0 0 1 1 0 0 0 1

INDEX

0x00 - OxOF
0x10 - Ox1F
0x20 - Ox2F
0x30 - Ox3F
0x40 - Ox4F
0x50 - Ox5F
0x60 - Ox6F
0x70 - Ox7F
0x80 - 0x8F
0x90 - 0x9F
OxAO0 - OxAF
0xBO - OxBF
0xCO - OxCF
0xDO0 - OxDF
0OxEOQ - OxEF
0xFO - OxFF

v

BIT7|BIT6|(BIT5BIT4|BIT3|BITZ2[BIT1(BITO
SBO| SB1 | SB2 | SB3| SB4 | SB5 | SB6 | SBY
1 0 0 0 1 1 0 0

Figure 3: The look up table method: An explanation
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2. Workspace

{73 38076_LSB_MSB_Rotate - High-performance Embedded Worksh
20 File Edit Wiew Project Options Build Debug Memory Toaols  WWindow

D= @ 7w M =
b \Debug | || Simulator |
FE C4 |LED_OK_TOGGLE |
e & W O = B A M E
=l

- @ 38076 MSE_LSB_ROTATE
- I@ JB076_LSE_MSE_Rotate

-4 C source file
28076 _MSB_LSE_ROTATE.c
dbsct.c
intprg. o
resetprg.c

-3 Download modules
30076_LSE_MSE_Fotate. abs

-2 Dependencies
0076k
stackschh

Figure 4: 38076_MSB_LSB rotate workspace view

There are four source files in the workspace; these being “38076 MSB LSB ROTATE.c”,
“dbsct.c”, “intprg.c” and “resetprg.c”.

The first file contains the main function. dbsct.c is used to set up memory sections, intprg.c contains
the interrupt vector table and resetprg.c calls the section initializing function “INITSCT()” as well
as main().

The figure above also shows the build configuration “Debug” and the debug setting “Simulator”.
The "simulator” session sets up the 300H simulator, which replicates the code running on a 300H
CPU.

3. Code Description

“dbsct.c”: This sets up the sections of code in memory.
“intprg.c”: This sets up an interrupt vector table
“resetprg.c”: This contains code for the CPU to execute after a reset.

“38076_LSB _MSB ROTATE.c”: This contains the main function and the two functions for
performing the MSB and LSB rotate.
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H8/300L SLP Series
Fast MSB and LSB Rotate Method for 8 bit Data

ResetPRG.c

{

£
£
£
£
£

£

£

£

'

fpraoma Section ResetPRG

_entry(vect=0] woid PowerON Reset (void)

set_imask ccocr(l):
_INIT3CT() :

_CALL INITI():
_INIT IOLIE():
errno=0;
srand(l)]:

_S1lptr=NULL:

Hardwareletup () :
Set imask cor(0):

maini);
_CLOIEALLI) ;
_CALL_END(];
zleep();

The power on reset vector is defined. As soon as the device resets, the interrupt mask in the CCR
register will be masked, and the INITSCT function is called. The interrupt mask bit is then cleared

before the main function is called.

Main.c

wold main(wvoid)

Swap M3E L3E():
Look Up Table Method():

while(1l):

The main function contains two functions. The first Swap_MSB_LSB uses an 8 bit structure to shift
the bits round one bit at a time (this is the technique described in the figure). The second function
Look _Up_Table_Method uses a look up table method as described in the figure.

An infinite loop is then set up to prevent the device falling out of main function and executing non-

code.

REG05B0008-0100/Rev.1.00
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Swap MSB LSB Function
woid Jwap M3E LSE (void)

volatile unsigned char Received Value IWAP = 0O:
volatile unsigned char Swapped Value SWAP = 0O;
for [(Received Value 3IWAP = 0; Receiwved Walue 3WAP
< O0xFF: Beceiwved Valus 3WAP++)
{
RECEIVED.BYTE = Receiwved Valus SWAP:
SWAPPED.EIT.bO = RECEIVED.EIT.b7:
SWAPPED.EIT.b1 = RECEIVED.EIT.hG:
SWAPPED.EIT.bZ = RECEIVED.EIT.h5S:
SWAPPED.EIT.b3 = RECEIVED.EIT.b4:
SWAPPED.EIT.b4 = RECEIVED.EIT.b3:
SWAPPED.EBEIT.hS = RECEIVED.EIT.h:Z:
SWAPPED.EIT.be = RECEIVED.EIT.b1:

SWAPPED.EIT.b7 = REECEIVED.EIT.hO:
Swapped Valus 3IWAP = SWAPPED.EBEVTE:

*

Firstly two volatile variables are declared. The function then enters a loop which provides the loop
variable “Received_Value_ SWAP” with all possible values from 0 up to OxFF. This means this
variable at some point has had every possible value from 0x00 up to OxFF. Within the loop, the
Received_Value SWAP variable is copied into an 8-bit structure.

union {
unsigned char EBYTE:
struct |
unsigned char bY:1; /% bit7 */
unsigned char bé:1; /% bite */
unsigned char b5:1; /% bits */
unsigned char b4:1; /% bitd */
unsigned char b3:1; /% bit3 */
unsigned char b2:1; /% bitZ */
unsigned char bl:1; /% bitl */
unsigned char b0:1; /% bit0 */
P BIT:
} RECEIVED;
union {
unsigned char EBYTE:
struct {
unsighed char h7:1; /% hitc? &/
unsighed char ha:l; A% hice &/
unsighed char hS5:1; /% hith */
unsighed char h4:1; /% hicgd */
unsighed char hi:l: /% hitd &/
unsighed char hZ:1; /% hitz */
unsighed char hi:l; /% hicl */
unsighed char ho:1; A% hicd */
} BIT:
}SWAPFPED;

The global variables SWAPPED and RECEIVED are 8 bit structures which are declared at the top
of the 38076_MSB_LSB_ROTATE.c file. In the loop shown in the Swap MSB_LSB function
above, the last bit of the RECEIVED variable is placed in the first bit of the SWAPPED variable
and so on until all the bits have been rotated. The variable SWAPPED then holds the swapped value
of the RECEIVED variable.
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Look Up Table Method Function

This function uses the method described in figure. The look up table used for this method is shown
below.

unsigned char Look Up_Tahle[Z56] =

{0x00, 0Ox80, 0Ox40, 0OxcCO, Ox20, OxAD, Ox60, OxEQ, 0Oxi0, Ox90, 0Ox50, 0OxDO, Ox30, OxBO, Ox70, OxFO,
Ox08, 0Ox85, O0x48, 0OxCS, 0Ox28, OxAS, 0Ox65, OxES, 0Ox18, 0x93, O0x58, OxDS, 0Ox35, OxES, 0Ox7S, OxFS,
Ox04, OxS4, Ox44, 0OxC4, Ox24, Oxhd, Oxed, OxE4, Ox14, 0Ox94, Ox54, OxD4, Ox34, OxEB4, Ox74, OxF4,
Ox0C, 0Ox8C, 0Ox4C, 0OxCC, Ox2C, OxAC, Ox6C, OxEC, 0Ox1C, 0Ox9C, Ox5C, OxDC, 0Ox3C, OxBC, 0Ox7C, OxFC,
Ox0z, 0OxB2, Ox42, 0OxC2, Ox22, Oxhk2, Ox62, OxE2, 0Oxlz, 0Ox92, Ox52, OxD2, Ox32, OxBz, Ox72, OxFz,
Ox0OLh, OxSh, Ox4d, OxCA, Ox2A, Oxhkl, Ox6L, OxEL, Ox1hk, Ox9Ak, OxSk, OxDL, Ox3AL, OxEBL, Ox7L, OxFi,
Ox06, Ox86, Ox46, OxCA, Ox26, OxAA, Ox66, OxE6, Oxl6, Ox96, Ox56, OxDA, Ox36, OxB6, Ox76, OxF&,
Ox0E, 0Ox8E, 0Ox4E, OxCE, 0Ox2E, OxAE, 0Ox&6E, 0OxEE, 0Ox1E, 0Ox%9E, OxS5E, OxDE, 0Ox3E, OxBE, 0Ox7E, OxFE,
Ox01, 0Ox81, Ox41, 0OxC1, Ox21, Oxikl, Ox6l, OxE1l, Ox11, 0Ox91, Ox51, OxD1, Ox31, OxE1l, Ox71, OxFi,
Ox09, 0Ox8%9, 0x49, 0OxC9, Ox29, OxAh9, 0OxE69, OxE9, 0Ox19, 0Ox99, Ox59, OxD9, 0Ox39, OxB3, 0Ox79, OxF9,
Ox05, 0Ox85, 0x45, 0OxCS5, 0Ox25, OxAS5, 0Ox&65, 0OxES, 0Ox15, 0Ox95, 0Ox55, OxD5, 0Ox35, OxBS, 0Ox75, OxFS5,
Ox0DL, Ox8D, Ox4D, 0OxCD, Ox2D, OxiD, Ox&D, OxED, Ox1D, 0Ox9D, OxSD, OxDD, Ox3D, OxED, Ox7Dh, OxFD,
Ox03, Ox83, 0x43, 0OxC3, Ox23, OxAh3, 0Ox&3, OxE3, 0Ox13, 0Ox93, Ox53, OxD3, 0Ox33, OxB3, 0Ox73, OxF3,
Ox0EB, 0Ox8E, 0Ox4B, 0OxCEB, 0Ox2E, OxAE, 0Ox&6B, 0OxEE, 0Ox1B, 0Ox9B, Ox5B, OxDE, 0Ox3B, OxBE, Ox7E, OxFE,
Ox07, Ox87, O0x47, 0OxC7, Ox27, OxAh7, Ox67, OxE7, Ox17, 0Ox97, 0Ox57, OxD7, Ox37, OxE7, Ox77, OxF7,
Ox0OF, Ox8F, Ox4F, OxCF, 0Ox2F, OxAF, Ox&F, OxEF, Ox1F, 0Ox9F, OxSF, OxDF, Ox3F, OxEF, Ox7F, OxFF

b2

This table contains all the bit rotated values for 0x00, 0x01, 0x02 etc. all the way up to OXFF.

woid Look Up Table Method (woid)

{
wolatile unsigned char Receiwved Walue LU = 0;
wolatile unsigned char Swapped Value LT = 0;

for (Receiwved Walue LU = 0; Receiwved WValues LU
< OxFF: Beceived WValue LU++)
i

Swapped Value LU = Look Up Table[Received Value LT]:

'

This again declares two volatile variables. One for declaring the value received and the other
declaring a variable used to hold the complete result. Again a loop is set up which gives the
Received value variable “Received_Value LU” every value from 0x00 to OxFF. The swapped value
is attributed to that given by the look up table, when its index is the received value (see figure 3).
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4. Performance Results

Speed
With the simulator session selected, the performance analyser was loaded by pressing the icon

El

. The following window in figure will appear.
Figure 5: Performance Analysis Window

‘ﬂ Index | Function | Cycle | Count | % | Histogram

T EZ| FE| FF] [Defaultl desktop  Read-write 1/128 1 INS

In the window, it is possible to right click on the mouse and select “add Range”. The ranges
Look _Up_Table_Method and Swap_MSB_LSB are added. The code is then run once. Figure 6
shows the performance results for running the two functions.

Figure 6: Performance Analysis window with results

ﬂ Index | Function | cycle | Count | % | Histogram
4
_Look Up Table Method 11794 1 16% =
1 _dwap M3IE L3E 54125 1 TE:  Frrrrr
FT EZ| EE| BF| [Defaultl deskiop  Read-wrice 761128 1 IS
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LENESANS

Code Size

To determine the code size of both methods, the map file is used. This file is generated on a build
and shows the code size in all the section types. To obtain the code size value for the traditional 8
bit rotate method, all code relating to the look up table method was commented out. The code size
in the map file was then obtained. For the look up table method, all code related to the traditional
rotate method was commented out, and the associated map file examined.

Table 1 shows the results

Code Segment All rotate  code | Look up table code | Traditional code sizes
commented out sizes

PResetPRG 1A 1A 1A
PINtPRG 12C 12C 12C
P 5A 9C 112
C 0 100 0
C$DSEC 6 6 6
C$BSEC 4 4 4
D 0 0 0

B 0 0 2

R 0 0 0
S* 200 200 200
Total 3AA 4EC 464

* The S (STACK) size is defined by the user, and does not reflect either the actual stack size used,
or the stack size required

Table 1: Code segment sizes for the rotate methods

The code size difference between the traditional rotate method and the look up table method is
0x88Bytes. This means the traditional method requires 89% of the extra space that the look up table
method requires. The Look up table method requires less instruction code than the traditional LSB
to MSB rotate method and hence it runs faster as it has less bytes in the P section. However, it
requires an extra 0x100 bytes for the look up table in the constant data section.

Having no rotate code at all saves at least OxBA Bytes of memory.
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Conclusion

The Look up table method required 11794 cycles to execute for 256 values whereas the traditional
swapping of the MSB and LSB method required 54128 for 256 values. The look up table method is
therefore more than four times faster then the traditional method.

The look up table method requires 0x88Bytes of space more than the traditional rotate method. This
is 12% of the extra space that the traditional method requires.

The 8 bit look up table method could be extended for 16 bit data by masking off the lower byte,
using the upper byte in the look up table to establish the lower byte of the swapped word. The upper
byte may then be masked, and the lower byte used in the look up table to find the upper byte value.
The upper and lower bytes may then be added to give the final swapped value.

Website and Support

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

Inquiries
http://www.renesas.com/inquiry

All trademarks and registered trademarks are the property of their respective owners.
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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.
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