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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

R8C Family, H8/300H Tiny Series, and M16C/Tiny Series

M3S-DTMF-Tiny: DTMF Tone Generation/Detection Software for Tiny
Microcontrollers

Introduction

This document explains the usage of the DTMF Tone Generation/Detection software library along with a sample
program.

Target device
Tiny microcomputer (R8C Family, H8/300H Tiny Series, and M16C/Tiny Series)
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R8C Family, H8/300H Tiny Series, and M16C/Tiny Series
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M3S-DTMF-Tiny: DTMF Tone Generation/Detection Software for Tiny MCUs

1. Generation

1.1 Library functions
This section explains the specifications of the library functions.

111 DTMF Generation (ExecuteDTMFGen)
Prototype

unsigned int* ExecuteDTMFGen(unsigned char uc DTMF_Key);
Explanation

This function returns the address of the Lookup Table containing PWM Duty Cycle values corresponding to the
DTMF Key passed as the argument.

This function has to be executed only once for retrieving the pointer to the Lookup Table values for the required
DTMF key. Thereafter the pointer can be incremented to retrieve successive look up table values for PWM

waveform generation. There are a total of 512 lookup table values for the PWM duty cycle corresponding to
each key.

The argument uc_DTMF_Key specifies the key for which DTMF tone is to be generated.

Table 1: Arguments for the DTMF generation function

Argument Type Explanation

uc_DTMF_Key unsigned char |Key for which DTMF tone is to be generated

Return value

Table 2: Return values from the DTMF generation function

Type Explanation

Top address of lookup table containing the PWM duty cycle
values for uc_DTMF_Key

unsigned int*
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1.2 Sample program

This section explains the sample program for DTMF Key Tone generation. The sample program is in the form of a
HEW (High-Performance Embedded Workshop) workspace. Change the initialization of the microcomputer and its
peripherals according to the system in use.

1.2.1 Outline

When the switch is pressed for the first time, the DTMF tone for the Key 0 is output. On successive key presses, the
key value is incremented and the corresponding DTMF tone is outputted.

In the main function, the counter for the DTMF keys is initialized to zero at the start. When the switch is pressed, this
DTMF key is passed to the library function. The library function returns the pointer to the Lookup Table containing the
PWM Duty Cycle values corresponding to the key. These Duty Cycle values are passed to the timer which generates
the PWM waveform as per the duty cycle values. This PWM waveform corresponding to the DTMF key is output on
the PWM output pin. The DTMF tone can be heard by connecting the PWM output to an external speaker circuit (*).
On the next switch press, the DTMF key is incremented and the PWM waveform corresponding to the next tone is
output. This continues till all the 16 DTMF key tones are output. Thereafter, the key is again reset to zero.

The DTMF Lookup Table values in the library are calculated for a frequency of 16 kHz. The PWM in the sample
software is also operating at a frequency of 16 kHz. If the user wishes, the frequency can be increased to a suitable
value by making appropriate modifications to the init_pwm function.

The size of the PWM Duty Cycle lookup table is determined by the following macro.
Size of Look Up Table Macro name: ENCLUTSIZE

(*) A typical external speaker circuit will consist of an analog filter, an amplifier and a speaker. Please note that this
speaker circuit will have to be made by the user. The circuit will not come with the Renesas Solutions Kits that the user
intends to buy and is not available from Renesas.
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1.2.2 Flow

main()

y
Initialization

)

DTMF Key = 0

Is No

Retrieve LookUp table pointer for
Duty Cycle values through the
function ExecuteDTMFGen

,

Start timer and PWM output.
Turn on DTMF Tone output flag

v

Wait till DTMF Tone output flag
is turned off by the Timer ISR.

)

Increment DTMF Key

No

Yes

Reset DTMF Key to 0

B

Timer interrupt

A 4

Load table value in

PWM buffer

Is entire lookup
table done?

4

Reset table pointer

Increment lookup
table pointer

Are repetitions for
tone o/p over?

Turn off Timer and
PWM output

,

Turn off DTMF
Tone output flag

l

A 4

return

Figure 1:

Flow of sample program
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R8C Family, H8/300H Tiny Series, and M16C/Tiny Series
M3S-DTMF-Tiny: DTMF Tone Generation/Detection Software for Tiny MCUs

1.23 Function list
Table 3: List of functions in the sample program
No. Function name Outline
: DTMF Tones corresponding to the different DTMF keys are generated
1.0 main :
using PWM output.
- The clock of the microcomputer and other clock related registers are
1.1 init_clock S
- initialized.
1.2 init_peripherals The peripherals such as the LED and switches are initialized
1.3 init_timer The timer for interrupt processing is set.
1.4 init_pwm Timer is initialized for PWM output.
A pointer to the PWM values corresponding to the DTMF Key are
15 ExecuteDTMFGen |returned
- This is a library function.
20 (MTimerRA_ISR Interrupt Service Routine for Timer. Loads the PWM data buffer with
the look up table value.

(*) Function name for the sample software for R8C Family.
"TimerB1_ISR" in the sample program for H8/Tiny. "TimerB_ISR" in the sample program for M16C/Tiny
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1.2.4 Function chart

1.0
main
1.1 1.2 1.3 1.4 15

[ init_clock ][init_peripherals] [ init_pwm ] [ init_timer ] [ ExecuteDTMFGen]

2.0
[ (*)TimerRA_ISR ]

Figure 2: Function chart

(*) Function name for the sample software for R8C Family.
"TimerB1_ISR" in the sample program for H8/Tiny. " TimerB_ISR" in the sample program for M16C/Tiny

1.2.5 Folder composition in workspace

DTMF_GEN_samp | e_s#xT iny
I
I
|- (*x)R5F21256
I
|-- Debug
I
|-- Debug_s+#+_E8_SYSTEM
I
|— lib
I
|-- Release

|-- src

I
|- HEW_files

Workspace directory (kx* is microcomputer name)

Project directory

Configuration directory

Configuration directory (#kx is microcomputer name)
DTMF Generator |ibrary storage directory
Configuration directory

Sample source storage directory

HEW auto—generated files storage directory

(*) Project directory name for R8C project. Following are the Project directory names for the other MCUs

R5F21258 — R8CE
36077GF — H8N
36079GF — H8A
M30260F8AGP — M16C
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R8C Family, H8/300H Tiny Series, and M16C/Tiny Series

M3S-DTMF-Tiny: DTMF Tone Generation/Detection Software for Tiny MCUs

1.3 Sample software usage

This section explains the details related to sample software execution.

1.3.1

Sample software execution procedure

(1) Switch and LED operation during execution

Build the sample software workspace and download the x30 file to the RSK*.

After the “Reset Go” button is clicked the program starts running. The program waits for the switch press by
user.

When the switch SW2 on the RSK is pressed for the first time after “Reset Go”, the DTMF tone for Key 0 is
output.

The program again loops back waiting for subsequent switch press by the user. On each successive switch press,
the DTMF Key count is incremented and the corresponding DTMF tone is output. This DTMF can be heard
through the external speaker circuit (not present on the RSK).

When the DTMF Key count reaches 15 (DTMF tone for Key #), the Key count is reset to 0 and the count starts
all over again.

When the switch is pressed, along with the DTMF tone, the LEDs also display the key pressed in binary. The
four LEDs on the RSK represent the current key press in binary. LEDO is the Least Significant Bit (LSB) while
LED3 is the Most Significant Bit (MSB). OFF LED indicates 0 while ON LED indicates 1.

Following table gives examples of representation of some of the numbers on the LEDs

DTMF Key LED3 LED2 LED1 LEDO
0 OFF OFF OFF OFF
3 OFF OFF ON ON
9 ON OFF OFF ON
15 ON ON ON ON
(*)RSK refers to

Renesas Solutions Kit RSKR8C25 — ROK521256C000BR / ROK521258C000BR (for R8C)
Renesas Solutions Kit RSKH836077— ROK436079S000BE (for H8)

Renesas Solutions Kit RSKM16C26A — ROK33026AC001BR (for M16C)

(2) PWM Output signal connection

The sample software outputs the PWM waveform corresponding to each DTMF Tone. This PWM needs to be
converted into analog signal with the help of external speaker board (not provided with the RSK). The PWM output
is received on one of pins of the JA2 Application Header as mentioned below. The external speaker board should be
connected such that the input signal to the board comes from the appropriate of JA2 Application Header. The
mapping of the pins is as follows:

JA2 Pin JA2 Header Pin Name |RSK Signal Name |Microcontroller Microcontroller Pin

13 Motor Control MO_Up R8C / R8CE 19

19 TMRO TMRO H8N / H8A Tiny 30

15 Motor Control MO_Vp M16C Tiny 23
REJ06B0869-0100/Rev.1.00 March 2009 Page 8 of 20
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PWM O/P
FROM MCU  1uF 5.6K 15K 10K

LM4889

SPEAKER

LuF I 8 OHM

15000pF — —

4700pF — —

Figure 3: Sample external speaker circuit

(3) PWM Operating Frequency

The PWM is operating at a frequency of 16 kHz.

(4) DTMF Tone Duration

The DTMF Tone duration can be modified as per requirement using the macro TONE_TIME_FACTOR. The
Minimum Duration of the DTMF tone is 32 msec. This can be increased by modifying the macro

TONE_TIME_FACTOR in the sample software. The duration of the DTMF tone is TONE_TIME_FACTOR times
the minimum tone duration.

E.g. If the TONE_TIME_FACTOR is 10, then the duration of the DTMF tone will be
DTMF Tone duration = Minimum Tone Duration X TONE_TIME_FACTOR
=32 msec X 10

=320 msec
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LENESAS

1.4 Library characteristic
This section explains the memory occupation and the speed performance (reference values) of the library functions.
1.4.1 Occupied memory size

Table 4 Occupied memory

Micro- Mo¢.1e/ ROM RAM Stack
computer | Option ExecuteDTMFGen
R8C Family R8C 16543 0 6
R8CE 16543 0 6
H8/Tiny Normal 16516 0 2
Advanced | 16558 0 4
M16C/Tiny - 16584 0 3
Unit; Byte
1.4.2 Generator processing speed (reference value)
Table 5 Generator processing speed (reference value)
. Mode/ . .
Microcomputer Option Generator processing speed (usec)
. R8C 4.5
R8C Family RBCE 3
. Normal 3
HB/Tiny Advanced 4
M16C/Tiny - 3

* The above values are reference values at an operating frequency of 20 MHz for the given microcomputers.
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2. Detection

21 Library functions
This section explains the specifications of the library functions.

211 DTMF Detection (ExecuteDTMFDec)
Prototype

unsigned char ExecuteDTMFDec(unsigned char* uiADCSample);
Explanation
This function returns the DTMF key corresponding to the ADC samples data passed as the argument.

After all the ADC samples are collected, they can be passed to this function for DTMF Key Detection. The
function determines the DTMF Key Tone from which the ADC samples are generated. This detection is done by
comparing the energy content of all the DTMF frequencies in the given ADC data.

Arguments

Table 1: Arguments for the DTMF detection function

Argument Type Explanation

Pointer to ADC samples corresponding to the
input DTMF tone to be detected

uiADCSample unsigned char*

Return value

Table 2: Return value from the DTMF detection function

Type Explanation
unsigned char Detected DTMF Key value

Range of Return values

The ExecuteDTMFDec function will return one of the following values given in the table. The table gives the
significance of the return values received from the function.

Table 3: Return value from the DTMF detection function

Value Significance
0x00 to Oxd Corresponding detected DTMF Key value
Oxe Detected DTMF Key “*”
Oxf Detected DTMF Key “#”
Insufficient number of ADC converted input data samples (less
0x10
than 128)
0x11 No DTMF key corresponding to input sample data
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2.2 Sample program

This section explains the sample program for DTMF Key Tone detection. The sample program is in the form of a HEW
(High-Performance Embedded Workshop) workspace. Change the initialization of the microcomputer and its
peripherals according to the system in use.

221 Outline
The DTMF tone is detected from ADC samples of the input data. The detected DTMF tone is displayed on the LEDs.

When program is run, the timer starts and keeps running continuously. The timer triggers the ADC after every 125 u
sec (frequency 8 kHz). The ADC converts the analog signal at the input into digital data samples. After all the samples
are collected, they are passed to the detection function. The detection function returns the DTMF Key value
corresponding to these samples. The detected key value is displayed on the LEDs. To pass the input sound signal to the
ADC, an external microphone circuit* is necessary. The input sound signal (DTMF Tone) is converted into analog
signal by the microphone circuit and then passed to the ADC.

The number of samples of the input analog signal used for detection is determined by the following macro
Number of ADC Samples Macro name: ADCSAMPLES

N.B. The value of this macro is 128 i.e. 128 samples of the input signal will be used for detection. Please do not
change this macro as the library is designed for operation on 128 samples of input data.

(*) A typical external microphone circuit will consist of a microphone and an analog filter. Please note that this
microphone circuit will have to be made by the user. The circuit will not come with the Renesas Solutions Kits that the
user intends to buy and is not available from Renesas.
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2.2.2 Flow

A y
‘ Initialization ‘

Start ADC conversion

ADC interrupt

Store sampled data in
input data buffer

!

Determine if current
sample is the min or max
value among the ADC
samples

v

Increment sample data
Retrieve decoded DTMF count
key value through the
function
ExecuteDTMFDEC

Start timer

A

Is ADC Input
= Noise?

Is sample data
array full?

Display DTMF Key
value on LEDS

< Set ADC Flag,
Clear sample data counter

Clear ADC flag , ADC
data min and max values

l

A
return

Figure 1: Flow of sample program
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223 Function list
Table 4: List of functions in the sample program
No. Function name Outline
1.0 main Detects the DTMF tone from the analog signal at the input.
- The clock of the microcomputer and other clock related registers are
1.1 init_clock S
- initialized.
1.2 init_peripherals The LEDs are initialized
S The timer for interrupt processing is set. The timer is used for
1.3 init_timer . :
— triggering the ADC.
14 init_adc Initializes the ADC for conversion of input analog signal.
15 ExecuteDTMEDec Dete_:ct_s the_ DTMF Key from the DTMF tone analog data at the input
- This is a library function.
2.0 TimerRA_ISR* Triggers the ADC converter.
3.0 ADCISR Converts the input analog signal into digital data

(*) Function name for the sample software for R8C Family.
"INT_TimerB1" in the sample program for H8/Tiny. "TimerB0_ISR" in the sample program for M16C/Tiny
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2.24 Function chart

1.0
main
1.1 1.2 1.3 14 15
init_clock [init_peripherals] [init_timer] [ init_adc ] [ ExecuteDTMFDec ]

2.0 3.0

[ TimerRA_ISR* ] [ ADCISR ]

Figure 2: Function chart

(*) Function name for the sample software for R8C Family.
"INT_TimerB1” in the sample program for H8/Tiny. "TimerB0_ISR" in the sample program for M16C/Tiny

225 Folder composition in workspace
DTMF_DEC_samp | e_s#*T iny Workspace directory (kx* is microcomputer name)
I
I
| -— R5F21256 () Project directory
I
|- Debug Configuration directory
I
| -— Debug_s**_E8_SYSTEM Configuration directory (#kx is microcomputer name)
I
|- Tib DTMF Detector library storage directory
I
|-- Release Configuration directory
I
|-- src Sample source storage directory.
I
|-— HEW_files HEW auto—generated files storage directory.

(*) Project directory name for R8C project. Following are the Project directory names for the other MCUs
R5F21258 — R8CE

36077GF - H8N

36079GF — HBA

M30260F8AGP — M16C
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2.3 Sample software usage
This section explains the details related to sample software execution.

2.31 Sample software execution procedure
(1) LED operation during execution

Build the sample software workspace and download the x30 file to the RSK*.
After the “Reset Go” button is clicked the program starts running.

The timer is running continuously. The timer triggers the ADC which samples the input analog signal and
converts it into the digital data. This sampling is going on continuously even if a DTMF tone is present at the
input or not.

® |f the sampled data is above the noise level, it is passed to the library function for DTMF Tone detection. The
library function uses the sampled data to determine the DTMF tone.

The DTMF Detection function returns the DTMF Key value or any one of the other two return values.

The detected DTMF key is displayed on the LEDs present on the RSK. The four LEDs on the RSK represent
the detected key press in binary. LEDO is the Least Significant Bit (LSB) while LED3 is the Most Significant
Bit (MSB). OFF LED indicates 0 while ON LED indicates 1.

® Following table gives example representations of some of the numbers on the LEDs

DTMF Key LED3 LED2 LED1 LEDO
0 OFF OFF OFF OFF
3 OFF OFF ON ON
9 ON OFF OFF ON
15 ON ON ON ON

® The DTMF Tone detection process goes on continuously till the time the program is reset or stopped.

Note: All possible return values from the function cannot be displayed on the RSK because of the limitation of the
number of LEDs on the RSK. The return values 0x10 and 011 are displayed in the same LED format as that for 0x00
and 0x01 respectively. The user should re-confirm the return value through some other method in the code or by using
the Watch window.

(*)RSK refers to

Renesas Solutions Kit RSKR8C25 — ROK521256C000BR / ROK521258C000BR (for R8C)
Renesas Solutions Kit RSKH836077— ROK436079S000BE (for H8)

Renesas Solutions Kit RSKM16C26A — ROK33026 AC001BR (for M16C)

(2) Input DTMF signal connection

The sample software processes analog signal for DTMF Tone detection. The input DTMF sound signal needs to be
received with the help of external microphone board (not provided with the RSK) before it can be passed to the ADC.
The pin9 of the JA1 Application Header corresponds to the different ADC input pins of different microcontrollers as
mentioned in the table below. The external microphone board should be connected such that the output of the
microphone is connected to this pin9 of JAL1. The mapping of the pins is as follows:

JA1 Pin JA1 Header Pin Name |RSK Signal Name |Microcontroller Microcontroller Pin

9 ADCO ADO R8C/R8CE 38

9 ADO ANO H8N/H8A Tiny 62

9 ADCO ADO M16C Tiny 45
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(3) Input Signal Sampling Frequency

The Timer is operating at a frequency of 8 kHz. Sample of the input signal is taken every 125 u sec

23.2 Avoiding Multiple Tone Detection

Multiple Tone Detection means detection of the same DTMF tone multiple times which happens in case the DTMF
tone duration is very long. The sample software uses the flag “chk_repeat_tone” to prevent multiple tone detection.
Once a tone is detected, this flag is set to TRUE. This flag remains TRUE till the time the pause between two DTMF
tones is detected. Once this pause is detected, the flag is set to FALSE enabling DTMF detection for the next set of
ADC data. If the pause is not present, that means the ADC data represents the same DTMF tone sampled again
because of the long tone duration. A pause indicates that the next set of ADC data is definitely from the successive
DTMF tone.

233 Configurable parameters
There is one configurable macro in the sample software:

® NOISE_LEVEL - During execution, the program is running continuously waiting for a DTMF tone. Thus, the
environmental noise is also picked up and passed through the ADC. In the sample software, for each set of ADC
sampled data, the difference between the minimum and the maximum value of the data is compared with the
macro NOISE_LEVEL. The data is processed only if the difference is greater than the value of NOISE_LEVEL.
Else it is considered as noise and is ignored. This macro is configured to the value 230 in the sample software.
The user can modify this macro depending upon the usage environment. The range of this macro value can be
from 0 to 255 since the 8-bit ADC data is used. The noise threshold level increases from 0 to 255. At the value 0,
the data will always be passed for detection as the noise threshold level will be reduced to 0. At the value 255,
the data will never be passed for detection as the maximum possible difference between any two ADC data
values is 255.

234 Non-configurable parameters
There is one non-configurable macro in the sample software:
® ADCSAMPLES - This macro denotes the number of samples of the input signal that will be used for detection.

This macro is configured to the value 128 in the sample software. Please do not modify this macro as the library
is designed to operate on 128 samples of data.
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24 Library characteristics
This section explains the memory occupation and the speed performance (reference values) of the library functions.

241 Library Usage

As mentioned earlier, the library is designed to operate on a fixed number of 128 samples and return the corresponding
DTMF Key value. The user should ensure that insufficient number of valid input data samples (less than 128) are not
passed to the library as then there will be no DTMF Key detection (return value 0x10).

While using the ADC, the user should be careful about the synchronization of the ADC sampling and the input DTMF
Key tone data. ADC sampling should take place exactly when the input data is available. Even if a small number of
samples are from the non-DTMF key input, then this may lead to non-detection of the key (return value 0x11).

242 Occupied memory size
Table 5: Occupied memory
Micro- Mm_ie/ ROM RAM Stack
computer Option ExecuteDTMFDec
R8C Family R8C 1875 81 19
R8CE 1892 81 19
H8/Tiny Normal 2538 81 22
Advanced 2906 81 28
M16C/Tiny - 1892 81 19
Unit: Byte
243 Detection processing speed
Table 6: Detection processing speed (reference value)
. Mode/ . . . "
Microcomputer Option Detection processing time(ms)
. R8C 6.7
R8C Family RSCE 7
. Normal 7.8
HB8/Tiny Advanced 8.8
M16C/Tiny - 4.5

* The above values are reference values at an operating frequency of 20 MHz for the given microcomputers
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Website and Support

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

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

Revision Record

Description

Rev. Date Page Summary
1.00 Mar.06.09 — First edition (M3S-DTMF-Tiny Ver.1.01 Release00E)

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.

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