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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.




LENESAS APPLICATION NOTE

M16C/62
Using the M16C/62 D-A Converter

1.0 Abstract
The following article introduces and shows an example of how to use the D-A Converter on the M16C/62 group

device.

2.0 Introduction

The Renesas M16C/62 series of microcontrollers is a 16-bit family of MCUs, based on Renesas’ popular M16C
CPU core. These parts provide high memory efficiency, power-saving ability, low noise emission, and improved
noise immunity. The M16C family features an impressive list of features including LCD, USB,
10-bit A-D converter, UARTSs, timers, DMA controllers, D-A converter, and large on-chip ROM and RAM and
FLASH. The M16C/62 part series can be used in many applications such as office equipment, PC peripherals,
portable devices, automotive, cameras, audio, and more.

This article shows how to create a simple waveform generator using the D-A converter and other peripherals on

the M16C/62 series of microcontrollers.

3.0 D-A Converter

Digital-to-Analog conversion is a process in which digital signals are converted into analog signals. The circuit
that performs this function is the D-A converter (DAC). Some common examples of DAC uses are for modems,
motor control, and audio output.

The M16C/62 group microcontroller contains two independent 8-bit D-A converter channels. This D-A converter
uses the 8-bit R-2R technique for conversion. This technique uses a resistor ladder network that is connected to
the 8 digital bit outputs to create a corresponding analog value. Figure 1 shows an example

R-2R circuit.

D-A Register contents
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(DAO,DA1)

Figure 1 Example DAC R-2R Circuit
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The analog output voltage of the DAC has a total range from OV to VREF. The output voltage can be calculated

at any time by using

DAC Output = (VREF/256) x D-A register contents

The following is a list of all the DAC related pins and registers in the M16C/62:
D-A converter related pins:

¢ DAO pin — Analog output of D-A channel 0

¢ DA1 pin — Analog output of D-A channel 1

¢ VREF — External reference voltage

e Avcc, Avss — Power and ground pins used by the DAC

D-A converter related registers:

D-A Register 0 (DAO) — Digital value for D-A conversion, output on channel 0

D-A Register 1 (DA1) — Digital value for D-A conversion, output on channel 1
D-A Control Register (DACON) — D-A enable bits (refer to Figure 2)
Port 9 Direction Register (PD9) — Set DAO pin and DA1 pin to outputs

D-A control register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
DACON 03DC16 0016

P | Bitsymbol Bit name Function R

~ f 0 : Output disabled !

- DAOE D-AO0 output enable bit 1 Output enabled o:o
A DALE D-Al output enable bit |0 : Output disabled oo
H T 1: Output enabled .
R Nothing is assigned. i
""""""""""""" In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0"| !

D-A register
Symbol Address When reset
o ""l DAi(i=0,1)  03D816 03DA16 Indeterminate
Function RW,|
____________ Output value of D-A conversion [eX{e]

(JB-02-UM60)

Figure 2 D-A Control and Data Registers for M16C/62

To perform a D-A conversion:

1. Set the D-A channel output pin(s) that will be used for output mode in the Port 9 Direction Register.

2.  Write the initial value to be converted to the D-A register (DAO, DA1). D-A conversion starts when a value is
written to the D-A register.

3. Set the D-A output enable bit to “1” to start outputting the analog signal on the DA pin.
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4. Write new digital values to the D-A register at any time to be converted and sent out on the DA pin.

5. The D-A converter continues outputting an analog signal until the D-A output is disabled by setting the D-A
enable bit to “0”.

More information on the D-A converter can be found in the M16C/62 group data sheet.

4.0 Implementation

A simple waveform generator sample program is included to demonstrate the use of the D-A converter. This
program is written to run on Renesas’ MSV1632 evaluation board. This board allows easy evaluation for any
M16C/62 microcontroller. More information on this evaluation board and other starter kits can be found at

http://www.renesaschips.com.

4.1 Program Operation

This program generates a square wave, a triangle wave, or a sine wave and outputs it on D-A channel 0 (DAO
pin). The frequency and amplitude of any of the waveforms are adjustable using the push buttons on the
evaluation board, except that the amplitude for the sine wave cannot be changed. The amplitude of the sine
wave is fixed to 5 volts, where the maximum amplitude of the square and triangle waveforms can be changed
from 0 to 5 volts. The frequency for any of the waveforms can be changed from approximately 30 Hz to 800 Hz.
Connect an oscilloscope to the DAO pin to see the output waveforms.

There are three push buttons on the evaluation board that are used to change the waveform type, the frequency,
and the amplitude. The button labeled SW1 is used for a mode select function. Pushing this button changes the
mode to one of the following: Waveform Type, Amplitude, or Frequency. The current selected mode is displayed
on the LCD. The buttons SW2 and SW3 are used to modify the values of the current selected mode. Pushing
SW2 causes the waveform type to cycle forwards, the amplitude to increase in value, and the frequency to
increase. Pushing SW3 causes the waveform type to cycle backwards, the amplitude to decrease, and the
frequency to decrease. When an amplitude or frequency reaches its maximum or minimum value, a message is

displayed on the LCD indicating max or min.

4.2 Triangle Waveform

The triangle waveform is a good example of how the D-A converter works. Start by putting O into the D-A register.
Now for every step of the waveform just add 1 to the value that was previously written to the D-A register. By
stepping up from 0016 to FF16 in the D-A register, a rising line is created that goes from 0 volts to 5 volts (or
VREF voltage) with its slope dependent on the amount of time between steps. Once FF16 is reached, the
program starts subtracting 1 from the D-A register every step. This will create a downward sloped line. When
0016 is reached, the process is repeated. Continue to repeat this procedure to create a continuous triangle wave.
Adding or subtracting 1 from the D-A register produces the highest resolution waveform. If less resolution is
desired, divide the desired resolution by 255 and add or subtract this number from the D- A register for every

step.

REU05B0008-0100Z June 2003 Page 3 of 12



M16C/62

| ZEN ESAS Using the M16C/62 D-A Converter

In the sample program included, the D-A register is changed by 2 for every step. This produces a full cycle in 256

steps.

5 ms

2.00V

Figure 3 Triangle Wave Output

4.3 Square Waveform

The square wave is also easy to produce with the D-A converter. Basically setting the D-A register to 0016 will
produce the “low” (0V) portion of the waveform, and setting the D-A register to FF16 will produce the “high”
(VREF) portion of the waveform.

In order to keep the frequency between waveforms the same in the sample program, the square wave only

changes states every 128 steps. This produces a full cycle in 256 steps.

5 ms

2.00V

Figure 4 Square Wave Output

4.4 Sine Waveform
The easiest way to create a sine wave is by using a lookup table of predefined sine values. For every step of the
sine wave, the next value is taken from the lookup table and put into the D-A register. When the last value is

loaded, start over at the top of the table. The number of values in the lookup table is determined by the resolution
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of the sine wave that is desired.

In the sample program a lookup table of 256 values is used, which is the highest resolution possible. This also
makes the sine wave consistent with the other waveforms in this sample for frequency. One cycle takes
256 steps.

Figure 5 Sine Wave Output

4.5 Frequency Adjustment

The frequency of each waveform is determined by the time interval between steps. A timer interrupt is used to
determine this time interval. Every time the timer runs out, an interrupt is generated and the next step in the
waveform is put into the D-A register.

The frequency in the sample program can be adjusted by using the SW2 and SW3 push buttons. Initially the
timer is preloaded with 7F16. When in the frequency mode, pushing SW2 will delete 2 from the timer reload
register thus causing the timer interrupts to occur more often. This creates a higher frequency waveform.
Pushing SW3 in the frequency mode subtracts 2 from the timer reload register thus causing the frequency to

slow down.

4.6 Amplitude Adjustment

The amplitude of the waveforms can be adjusted in software by limiting the maximum value put into the D-A
register. In a 5 volt system if the maximum amplitude desired is 2.5 volts, then the highest value to put into the
D-A register would be 7F16 (FF16 / 2).

The amplitude in the sample program can be adjusted on the square and triangle waves by using the SW2 and
SW3 push buttons. Since the sine wave uses a lookup table method, the amplitude of this waveform cannot be
adjusted without creating a new table. A software variable is used to store the current maximum amplitude
setting. The max amplitude setting is initialized to FF16. When in the frequency mode, pushing SW2 will add 2 to
the max amplitude setting causing the amplitude to increase. Pushing the SW3 push button will subtract 2 from
the max amplitude setting causing the amplitude to decrease.

The amplitude of the waveforms could also be controlled in hardware by using the VREF pin. The D-A converter
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will always output between 0 volts and VREF.

5.0 Conclusions
The D-A feature of the M16C/62 microcontroller allows easy conversion of digital signals to analog signals
without needing any additional components. This function can be useful for many applications where there is the

need to interface digital and analog signals together in the same design.

6.0 Reference

Renesas Technology Corporation Semiconductor Home Page

http://www.renesas.com

E-mail Support

support_apl@renesas.com

Data Sheets
e M16C/62 datasheets, 62aeds.pdf

7.0 Software Code

The example program was written to run on the MSV1632 Starter Kit but could be easily modified to any user
application. The program is written in C (using the NC30 Compiler). Not all source files are included here (excludes
LCD routines and the like), just the main program showing D-A usage. Complete sample code can be downloaded
from the Renesas website or obtained from a local Renesas Rep. This is a “no frills” program developed to show the
basic usage of the D-A Converter.
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/*****************************************************************************

*

* Fi | e Nane: da_waveform c

*

* Cont ent : ML6C D- A converter sanple program

* This programis a sinple waveform generator that outputs

* Triangl e, Square or Sine waves w th adjusted frequency and
* anpl i t ude.

* This programwas witten to run on the MSV1632 Eval uation Board
*

* Version: 1.10

* Dat e: 09-19- 2002

*

* Copyri ght 2003 Renesas Technol ogy Corporation

* Al rights reserved

*

*

* $Log: $

* */

#i ncl ude "sfr62a. h" /* SFR register definition */

#i ncl ude "di spl ay_1632-62. h" /* LCD display routines */

#pragma | NTERRUPT taO_i sr /* Interrupt declarations */

#pragma | NTERRUPT intO_isr
#pragma | NTERRUPT int1_isr
#pragma | NTERRUPT int2_isr

unsi gned char node = 0; /* variable declarations */

unsi gned char anmp = Oxff; /* current anplitude */

unsi gned char freq = Ox7f; /* current frequency */

unsi gned char type = 1; /* current waveformtype */
unsi gned char count = 1; /* freq delay counter */

unsi gned const char banner1l[] = "D to A Waveforns"; /* LCD Panel Qutputs */
unsi gned const char banner2[] = "<--- Use buttons";

unsi gned const char nodeO[] =" Wavef or ni';

unsi gned const char nodel[] =" Anmplitude";

unsi gned const char node2[] =" Frequency";

unsi gned const char typel[] = "Square "

unsi gned const char type2[] = "Triangle";

unsi gned const char type3[] = "Sine "

extern const unsigned char sin_table[]; /* sine function | ookup table */

/*****************************************************************************

Nane: mai n

Par amet er s: None

Ret urns: None

Description: Initializes the systemand enters the nain | oop

*****************************************************************************I

voi d main()
prcO /* Unl ock the System Cl ock Control Register */
cnD6 = O; /* Set the divide clock to CML6 and CML7 */

1l
=
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cml &= Ox3F; /* Set the divide ratio to 1. */
prcO = 0; /* Lock the System O ock Control Register */
InitDisplay(); /* Initialize the LCD Display */
Di spl ayString( DI SPLAY_LI NE1, banner1); /* output start-up text to LCD line 1*/
Di spl ayString( DI SPLAY_LI NE2, banner2 ); /* output start-up text to LCD line 2*/
/* Initialize Timer A0 */
taonr = 0x40; /* - timer node, f/8 */
ta0 = Ox7f; /* - preload tinmer value */
udf = 0; /* - count down */
tali c = 0x02; /* Set the interrupt Priority level to 2 */
intOic = 0x03; /* enable intO interrupt, level 3 */
intlic = 0x03; /* enable intl interrupt, level 3 */
int2ic = 0x03; /* enable int2 interrupt, level 3 */
da0 = 0; /* init DA value to 0 */
dale = 1; /* enable d-a converter 0 */
ta0s = 1, /* start timer AO */
asnm("FSET 1"); /* enable interrupts */
while (1){ /* main |oop */
asn( " NOP") ; /* wait for user inputs via interrupts */
}

/*****************************************************************************

Nane: ta0_isr

Par amet ers: None

Ret ur ns: None

Descri ption: Tinmer AO interrupt routine

This routine creates the actual waveforns.

*****************************************************************************/

void ta0_isr()

{
static unsigned char daout = O; /* value to be witten to the d2a */
static unsigned char direction = 1; /* current slope: inc or dec */

switch (type) {

/*********************** Square \Mve ***********************/

case 1
count +=2; /* freq delay counter */
if (count == anmp){ /* max nunber of delay steps? */
count = 1; /* reset counter */
if (direction == 1) { /* direction = up? */
daout = anp; /* max d-a value */
direction = 0; /* change wave direction */
}
el se { /* direction = down */
daout = 0xO00; /* min d-a value */
direction = 1; /* change wave direction */
}
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}

br eak;

/*********************** TI’I angl e \Mve *********************/

case 2:
if (direction == 1) { /* direction = up? */
daout +=2; /* add to d-a value */
if (daout >= (anp-1)) /* max anplitude? */
direction = 0; /* change wave direction */
}
el se { /* direction = down */
daout -=2; /* substract fromd-a value */
if (daout <= 0x01) /* mn anplitude ? */
direction = 1; /* change wave direction */
}
br eak;

/************************* S| ne \Mve ***********************/

case 3:
count ++;
if (count >= Oxff) /* max anplitude? */
count = O; /* reset table counter */
daout = sin_tabl e[count]; /* get sine value fromlook-up table */
br eak;
defaul t:
br eak;
}
da0 = daout; /* output new D/ A val ue */
}
/*****************************************************************************
Nane: intO_isr
Par amet ers: none
Ret ur ns: none
Descri ption: INTO interrupt routine (Switch SW)

Pushing this switch changes the current node
Mbdes: Waveform sel ect, Anplitude adjust, Frequency adjust.

*****************************************************************************/

void intO_isr()

{
Di spl ayStri ng( Dl SPLAY_LI NE1, " "); /* clear the LCD */
Di spl ayStri ng( Dl SPLAY_LI NE2, " ") /* clear the LCD */
node ++; /* increment to next node */
if (npde >= 3) /* max nunber of nmodes = 3 */
node = 0;
switch (node) {
case 0:
Di spl aySt ri ng( Dl SPLAY_LI NE1, nodeO) ; /* out put waveformnode to LCD */
br eak;
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case 1:
Di spl aySt ri ng( Dl SPLAY_LI NE1, nodel); /* output anplitude adj to LCD */
br eak;
case 2:
Di spl aySt ri ng( Dl SPLAY_LI NE1, node2) ; /* output frequency adj to LCD */
br eak;
defaul t:
br eak;
}
}
/*****************************************************************************
Nane: intl_isr
Par amet ers: none
Ret ur ns: none
Descri ption: INT1 interrupt routine (Switch SW2)

This switch changes the waveformtype, anplitude, and freq
in the upward or faster direction.

*****************************************************************************/

void intl_isr()

{
/* Clear the second |ine of the LCD */
Di spl ayStri ng( Dl SPLAY_LI NE2, " ");
if (node == 0){ /* Waveformtype node */
type++
if (type >= 4)
type = 1;
switch (type) {
case 1:
Di spl ayString(Dl SPLAY_LI NE2, typel);/* output wave type to LCD*/
count = 1;
br eak;
case 2:
Di spl ayString(Dl SPLAY_LI NE2, type2);/* output wave type to LCD*/
br eak;
case 3:
Di spl ayString(Dl SPLAY_LI NE2, type3);/* output wave type to LCD*/
br eak;
defaul t:
br eak;
}
}
if (node == 1){ [/* Anplitude node */
if (anp !'= Oxff){
anp +=2; /* change anplitude in 2 step increments */
Di spl ayString(Dl SPLAY_LI NE2,"Up"); /* output to LCD line 2*/
}
el se DisplayString(DI SPLAY_LI NE2, " Max") ; /* max anplitude reached */
}
if (node == 2){ [/* Frequency node */
if (freq !'= 1){ /* max frequency reached? */
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freq -= 2; /* no, decrease frequency */
Di spl ayString(Dl SPLAY_LI NE2, "I ncrease");/* output to LCD |line 2*/
ta0 = freq; /* load new value to Tinmer A0 */
}
el se DisplayString(Dl SPLAY_LI NE2, " Max") ; /* max frequency reached */
}
}
/*****************************************************************************
Nane: int2_isr
Par amet ers: none
Ret ur ns: none
Descri ption: INT2 interrupt routine (Switch SWB)

This switch changes the waveformtype, anplitude, and freq
in the downward or slower direction.
*****************************************************************************/
void int2_isr()
{
/* Clear the second line of the LCD */
Di spl ayStri ng( Dl SPLAY_LI NE2, " ");

if (node == 0){ /* Waveform type node */
type--;
if (type <= 0)
type = 3;

switch (type) {

case 1:
Di spl ayString(Dl SPLAY_LI NE2, typel);/* output wave type to LCD*/
count = 1;
br eak;
case 2:
Di spl ayString(Dl SPLAY_LI NE2, type2);/* output wave type to LCD*/
br eak;
case 3:
Di spl ayStri ng(Dl SPLAY_LI NE2, t ype3);/* output wave type to LCD*/
br eak;
defaul t:
br eak;
}
}
if (node == 1){ [/* Anplitude node */
if (anmp !'= 1){ /* m ni num frequency reached? */
anp -= 2; /* no, decrease anplitude */
Di spl ayStri ng( Dl SPLAY_LI NE2, " Down") ; /* output to LCD line 2*/
}
el se DisplayString(DI SPLAY_LINE2,"M n"); /* m ni mum anpl i tude reached */
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if (node == 2){ [/* Frequency node */

if (freqg !'= Oxff){ /* frequency at mninum? */

freq +=2; /* no, decrease frequency */

Di spl ayStri ng( Dl SPLAY_LI NE2, " Decr ease") ; /* output to LCD line 2*/

ta0 = freq; /* load new value to Timer A0 */
}
el se DisplayString(Dl SPLAY_LINE2,"M n"); /* M ninmum frequency reached */

/*****************************************************************************

*

* File Nane: sin.c

*

* Content: Sine function | ook-up table for ML6C

* This produces a sine wave that varies fromOv to Vcc

* using 256 steps. Values are ready to send to D/ A converter
*

* Ver si on: Rev 1.0 04/25/2002

*

* Copyri ght 2003 Renesas Technol ogy Corporation

* Al rights reserved

const unsigned char sin_table[] = {

0x83, 0x86, 0x89, 0x8C, 0x8F, 0x92, 0x95, 0x98, 0x9C, 0x9F
0xA2, 0xA5, 0xA8, 0xAB, 0xAE, 0xB0, 0xB3, 0xB6, 0xB9, 0xBC,
0xBF, 0xC1, 0xC4, 0xC7, 0xC9, 0xCC, OxCE, 0xD1, 0xD3, 0xD5
0xD8, 0xDA, 0xDC, 0xDE, OXxEO, OXE2, OxE4, OXE6, OXE8, OXEA,
O0xEC, OxED, OxEF, 0xF0, 0xF2, 0xF3, 0xF5, OxF6, OxF7, OxF8
0xF9, 0xFA, 0xFB, 0xFC, 0xFC, 0xFD, OxFE, OxFE, OxFF, OxFF
O0xFF, OxFF, OxFF, OxFF, OxFF, OxFF, OxFF, OxFF, OxFF, OxFE
OxFE, 0xFD, 0xFC, 0xFC, 0xFB, OxFA, 0xF9, 0xF8, 0xF7, OxF6
0xF5, 0xF3, 0xF2, 0xFO, OxEF, OxED, OXEC, OxEA, OxE8, OxE6
OxE4, OxE2, OXEQ, 0xDE, 0xDC, 0xDA, 0xD8, 0xD5, 0xD3, 0xD1
0xCE, 0xCC, 0xC9, 0xC7, 0xC4, 0xC1, 0xBF, 0xBC, 0xB9, 0xB6
0xB3, 0xB1, OxAE, 0xAB, 0xA8, 0xA5, 0xA2, 0x9F, 0x9C, 0x99
0x95, 0x92, 0x8F, 0x8C, 0x89, 0x86, 0x83, 0x80, 0x7C, 0x79
0x76, 0x73, 0x70, 0x6D, Ox6A, 0x67, 0x64, 0x60, 0x5D, OX5A,
0x57, 0x54, 0x51, 0x4F, 0x4C, 0x49, 0x46, 0x43, 0x40, 0x3E
0x3B, 0x38, 0x36, 0x33, 0x31, 0x2E, 0x2C, 0x2A, 0x27, 0x25
0x23, 0x21, 0x1F, 0x1D, 0x1B, 0x19, 0x17, 0x15, 0x13, 0x12
0x10, 0xOF, 0x0D, 0x0C, 0x0B, 0x09, 0x08, 0x07, 0x06, 0x05
0x04, 0x03, 0x03, 0x02, 0x01, 0x01, 0x00, 0x00, 0x00, 0x00
0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x01, 0x01, Ox02
0x03, 0x03, 0x04, 0x05, 0x06, 0x07, 0x08, 0x09, 0x0A, 0x0C,
0x0D, 0x0F, 0x10, 0x12, 0x13, 0x15, 0x17, 0x19, 0x1B, 0x1C,
0x1F, 0x21, 0x23, 0x25, 0x27, 0x29, 0x2C, Ox2E, 0x31, 0x33
0x36, 0x38, 0x3B, 0x3E, 0x40, 0x43, 0x46, 0x49, 0x4C, 0x4E
0x51, 0x54, 0x57, 0x5A, 0x5D, 0x60, 0x63, 0x66, 0Xx6A, 0x6D
0x70, 0x73, 0x76, 0x79, 0x7C, OX7F

}i
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Keep safety first in your circuit designs!

Renesas Technology Corporation puts the maximum effort into making semiconductor products
better and more reliable, but there is always the possibility that trouble may occur with them. Trouble
with semiconductors may lead to personal injury, fire or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or
(iii) prevention against any malfunction or mishap.

Notes regarding these materials

These materials are intended as a reference to assist our customers in the selection of the Renesas
Technology Corporation product best suited to the customer's application; they do not convey any
license under any intellectual property rights, or any other rights, belonging to Renesas Technology
Corporation or a third party.

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

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

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

Please also pay attention to information published by Renesas Technology Corporation by various
means, including the Renesas Technology Corporation Semiconductor home page
(http://www.renesas.com).

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

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

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

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

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

Please contact Renesas Technology Corporation for further details on these materials or the
products contained therein.
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