To our customers,

Old Company Name in Catalogs and Other Documents

On April 1%, 2010, NEC Electronics Corporation merged with Renesas Technology
Corporation, and Renesas Electronics Corporation took over all the business of both
companies. Therefore, although the old company name remains in this document, it is a valid
Renesas Electronics document. We appreciate your understanding.

Renesas Electronics website: http://www.renesas.com

April 1%, 2010
Renesas Electronics Corporation

Issued by: Renesas Electronics Corporation (http://www.renesas.com)

Send any inquiries to http://www.renesas.com/inquiry.

LENESANS



10.

11.

12.

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-S2-Tiny: Sound Data Expansion Software for Tiny Microcontrollers

Introduction

This document explains the usage of the sound data expansion software library along with a sample program.

Target device
Tiny microcomputer (R8C/Tiny series, H8/300H Tiny series, and M16C/Tiny series)
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/z R8C Family, H8/300H Tiny Series, and M16C/Tiny Series
u E N ESAS M3S-S2-Tiny:Sound Data Expansion Software for Tiny MCUs

1. Library function

This section explains the specifications of the library functions.

1.1 Initialization (adpcm_init4)
Prototype
void adpcm_init4( T_ADPCM *pADPCM );
Explanation
This function initializes the sound data to be expanded.
This function has to be executed only once before expanding consecutive ADPCM data.

The T_ADPCM structure datatype is declared in the header file adpcm4.h. Before executing this function,
declare the T_ADPCM type structure variable that is to be passed as an argument. Value need not be set to the
argument before this function is executed.

Return value

none

1.2 Expansion (adpcm_decode4)
Prototype

int adpcm_decode4( T_ADPCM *pADPCM );
Explanation

This function converts the encoded 4bit ADPCM data into decoded 16bit PCM data. The ADPCM data currently
pointed to by the "input" pointer is decoded and the results are placed in the RAM buffer pointed to by the
"output" pointer. The number of 16 bit samples decoded by each call to this function is determined by "size" and
must be a multiple of 2.

Define the output sample buffer before calling this function. The size of this buffer depends upon the “size”
variable. Required output memory will be size x 16 bit.

E.g. If size = 16, define "signed short buffer[16]" to allocate storage for output sample buffer.

The values to be set for the argument pADPCM are as indicated in Table 1

Table 1 argument pADPCM structure variable

Member Type Explanation
input unsigned char * Top address of ADPCM data area.
output signed short * Top address of PCM data(expanded data) area.

. . . Conversion size of ADPCM data (Should be specified in
size unsigned int .

multiples of two).

id signed char Unused (Do not set any value, for internal library use.)
vp signed short Unused (Do not set any value, for internal library use.)

[ attention ] This function changes neither the input pointer, nor the output pointer nor the size. The user
code must advance the pointers if necessary.

Return value

If the conversion size of the ADPCM data is an odd number, -1 is returned, else 0 is returned.

REJ06J0047-0100/Rev.1.00 July 2008 Page 2 of 2



/z R8C Family, H8/300H Tiny Series, and M16C/Tiny Series
u E N ESAS M3S-S2-Tiny:Sound Data Expansion Software for Tiny MCUs

2. Sample program

This section explains the sample program for ADPCM decoding. The attached sample program is in the form of a HEW
(HighPerformance Embedded Workshop) workspace. Change the initialization of the microcomputer and its
peripherals according to the user system.

21 Outline
When the switch is pressed, sound is played back (Sound is played back using PWM output).

In the main function, the ADPCM data is expanded and put into the PCM buffer as soon as the PCM buffer is emptied
by the timer interrupt. This continues until all the ADPCM data is output. The PCM data is fetched from the buffer by
the timer interrupt around every 90 microseconds(*).The PCM data is transferred to the PWM output by the ISR. The
sampling frequency of the sound data is 11.025kHz.

(*)90 v sec=1/11.025kHz)
The size and the storage area of the sound data are defined by the following macros.

Size of sound data (twice ADPCM data size) :Macro name PCM_DATA _SIZE1
Start address in storage area :Macro name ADPCM_ADDR1

While this sample software requires polling on a short time basis in the main loop to prevent buffer under-run of the
PCM data buffer, this is not practical user system. The user can consider other mechanisms such as buffer expansion in
periodic interrupt or via RTOS to meet buffer expansion requirements of the system.

2.2 Flow

( main() ) (' Timer interrupt )

Initializati « Initialization of PWM output  InitPWM() Fetch PCM data from
nrtialization | ynitialization of Timer InitTimer() etc. buffer
. Wait until start SW PCM data is
While(1) is ON transferred in the
PWM output

Initialization of
variable for expansion PCM data

buffer

Initialization of buffer
for PCM data storage

Expansion of sound
data

Continue till the

entire sound data is Expand sound data
expanded

Wait till entire
sound data is
outputted.

Figure 1 Flow of sample program
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R8C Family, H8/300H Tiny Series, and M16C/Tiny Series
M3S-S2-Tiny:Sound Data Expansion Software for Tiny MCUs

23 Function list
Table 2 function list
No. Function name Outline
ADPCM compressed voice data in ROM area is expanded and the
1.0 main sound is reproduced. The ADPCM sound data is expanded in groups
of 4.
11 INitCLOCK The <_:Iock of the microcomputer and other clock related registers are
initialized.
12 INitPWM The PWM output functlon is initialized.
Operating speed is setup.
- The timer for interrupt processing is set. The interrupt processing
1.3 InitTimer . .
starts according to the sampling rate of the sound data.
14 InitDecinfo Decoded information structure(DECINFO) initialization.
141 adpem_initd The_sqund .data for expansion is initialized.
- This is a library function.
15 InitRingBuffer Initializes setting of the ring buffer to store decoded data.
16 DecodeProc Converts ADPCM data into PCM data and stores the decoded data in
’ a ring buffer. ADPCM Input pointer is updated here.
16.1 adpem_decoded 4bit _AI_DPCM data is cqnverted into 16bit PCM data.
- This is a library function.
16.2 RingBufferSetData Check the state of the ring buffer before writing data.
1621 RingBufferPush Decoded PCM data is pushed to a ring buffer.
16211 Convert16to8 Convert PCM data(16bits) into PCM data(8bits). Decoded PCM data is
scaled to PWM output levels here.
. . Output decoded PCM data every cycle of the sampling frequency
2.0 (*) tra_irq .
using PWM.
21 SetPCMdataCHO Send sound data(PCM) to PWM output.

(*) Function name for the sample software for R8C/Tiny.

"INT_TimerB1" in the sample program of H8/Tiny.

"tb0_int" in the sample program of M16C/Tiny.

REJ06J0047-0100/Rev.1.00
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24 Function chart

A
main
|
1.1 1.2 1.3 1.4 1.5 1.6
(InitCLOCKJ [ INitPWM J [ InitTimer } [InitDecInfo] [ IntRIng J I DecodeProc I
141 1.6.1 1.6.2
I . I adpcm RingBuffer
adpem_init4 [ _decode4 ] [ SetData J
2.0 1.6.2.1
(*tra_ir (*) "INT_TimerB1" in the sample program of H8/Tiny. RingBuffer
g "tb0_int" in the sample program of M16C/Tiny. Push
—J _J
2.1 1.6.2.1.1
SetPCMdat:
e ata
" CHO Convert16to8

Figure 2 function chart

2.5 Folder composition in workspace

S2_sample_#xxTiny Workspace directory of HEW (%%« is microcomputer name)
I
I
|-- Type name of microcomputer Project directory of HEW
|
|-- audiodata ADPCM sound data (sound_adpcm. dat)
|
|-- Debug Configuration directory of HEW
|
|-— Debug_s#+_E8_SYSTEM Configuration directory of HEW (xx* is microcomputer name)
|
|-- lib Sound expansion |ibrary storage directory
|
|-- Release Configuration directory of HEW
|
|-- src Sample source storage directory.
The header file “Adpcm4. h” is included.
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3. Sound data modification procedure

This section explains sound data modification procedure for the sample program. The modified sound data is to be
given as an input to the sample program.

3.1 Creation of sound data

3141 Preparation of wav file
Prepare sound data with specification as given in Table 3.

Table 3 sound data specification

Quantization bits 16bit
Channel Mono
Sampling frequency |11.025kHz
File format WAV
3.1.2 Compression of sound data

Make the ADPCM data (binary form) from the Wave (.wav) file using the bundled "ADPCM_TOOL(ADPCM.exe)".
Please refer the manual of the tool “ADPCM_TOOL” for its usage.

3.2 Change in sample program

3.21 PCM_DATA_SIZE1

The value of the macro PCM_DATA_SIZE1 should be set in sample.c file of the sample program. It should be set
according to the size of the sound data used. A set value has to be at least twice the size of ADPCM data (compression
data).

[E.g. When size of ADPCM data is Ox1efl bytes, setting will be ]
#define PCM_DATA_SIZE1 0x3de2 /* size of sound data after decode(compressed data) */

3.2.2 ADPCM_ADDR1

Set the value of address "ADPCM_ADDR1" in “sample.c” file of the sample program as per the location of ADPCM
data.

[ If ADPCM data is starts from 0x4000 ]
#define ADPCM_ADDR1  0x4000 /* top address of ADPCM sound data storage */

3.3 Loading of sound data

Download ADPCM data to the address set to "ADPCM_ADDR1". ADPCM data is the data created using the
ADPCM_TOOL. Please refer the HEW manual for the downloading procedure.
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4. Library characteristic

This section explains the memory occupation and the speed performance (reference values) of the library functions.
4.1 Occupied memory size

Table 4 Occupied memory

Microcomputer Moc_iel ROM RAM(*) — Stack
Option adpcm_init4() adpcm_decode4()
RSC/Tiny -R8C 403 0 3 9
-R8CE 419 0 3 11
H8/Tiny Normal 432 0 2 16
Advanced 454 0 4 22
M16C - 419 0 3 11

Unit: Byte

(*)The structure variable area (10 bytes or more) for the library function is necessary.
4.2 Expansion processing speed (reference value)

Table 5 expansion processing speed (reference value)

Microcombuter Mode/ Expansion processing
P Option time (usec) (size=4)
. -R8C 46
R8C/Tiny ‘RBCE 29
. Normal 36
HB8/Tiny Advanced 39
M16C - 33

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

5. 10 bit sound data

The sound data expanded by the adpcm_decode4 function is 16 bit in length. According to the system being used,
change the bit length of the sound data. In the sample program, the data of 16 bit length has been converted into 8 bit
length using the Convert16to8() function. This chapter explains the function that converts 16 bit sound data into 10 bit
sound data (When 10-bits D/A convertor etc. are used, this can be used.).

The data of length 16bit is converted into data of length 10 bit by the following functions.

Argument: 16 bit data before conversion
Return value: 10 bit data after conversion

short Convertl6tol0( short data )
{

}

return (short)( ((data + 0x20) >> 6) + 512 );
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6. Data expansion of two or more channels

Using this library, two or more compression data(ADPCM data), can be expanded simultaneously and independently. It
is possible to connect the output of two or more channels at the same time.

Define the T_ADPCM data structure separately for each channel when two or more channels are to de decoded. Also
the adpcm_init4() function and the adpcm_decode4() functions needs to be executed separately for each channel.

[ example of decoding sound from of two channels ]

#Define NUM_CHANNELS 2

/* Definition of structure variable of each channel */
T_ADPCM ch[NUM_CHANNELS]

for (index=0; index < NUM_CHANNELS; index++){

adpcm_init4( &ch [index] ); /* Initialization for ch data expansion */

/* expansion processing */

Set value of members (input,output,size) of chO
Set value of members (input,output,size) of chl

for (index=0; index < NUM_CHANNELS; index++){
adpcm_decode4( &ch[index] ); /* Expansion of ch data */
}

Hereafter, the expansion processing is repeated.
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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 July.15.08 — First edition (M3S-S2-Tiny Ver.2.00 Release00)

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.

© 2008. Renesas Technology Corp., All rights reserved.
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