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LENESANS

H8/300L SLP
SLP (ToneGen)

H8/38024 SLP MCU

1 (Pulse Width Modulation)
2.

H8/38024
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H8/300L SLP
| zE N ESAS SLP (ToneGen)

1.
1 2
2 2
( )
1.1 ()
( )
( )
A A# B C C# D D# E F F# G G#
# b A#=Bb,C#=Db D#=Eb F#=Gb
G#=Ab
2
264 Hz C
1 (264 x 2 =528 Hz)
1
=0 =1 =2 =3 =4 =5
A 55.000 110.000 220.000 440.000 880.000 1760.000
A# 58.270 116.541 233.082 466.164 932.328 1864.655
B 61.735 123.471 246.942 493.883 987.6\767 1975.533
C 65.406 130.813 261.626 523.251 1046.502 2093005
C# 69.296 138.591 277.183 554.365 1108.731 2217.461
D 73.416 146.832 293.655 587.330 1174.659 2349.318
D# 77.782 155.563 311.127 622.254 1244.508 2489.016
E 82.407 164.814 329.628 659.255 1318.510 2637.020
F 87.307 174.614 349.228 698.456 1396.913 2793.826
F# 92.499 184.997 369.994 739.989 1479.978 2959.955
G 97.999 195.998 391.995 783.991 1567.982 3135.963
G# 103.826 207.652 415.305 830.609 1661.219 3322.438
A 110.000 220.000 440.000 880.000 1760.000 3520.000
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1.2 PWM

10 PWM PWM
D/A
10 4

PWM

Vout = Vcc x Duty Cycle

—
N
-
K
I
-
N
N
a
o
<

ty

1 PWM D/A
10 PWM D/A
D/A
D/A CMOS
(PWM)
( DC )
Ve X (
)
Vout =5.00V x 50 % =25V
DC

Of—M M= t
Sampls Penad
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H8/300L SLP
| zE N ESAS SLP (ToneGen)

2 PWM PWM
(Asynchronous Event Counter)

9.8304 MHz
AEC Tinterrupt

et = (L(D/2)) X 256 . & = Poscl2

= (1/[(Dosc/2)! 2]) x 256 count
=(1/(9.8304MHz / 4) x 256 count

=104.16us
AEC
(Interrupt Service Routine) PWM
= 1/Tinterrupt
= 9600 Hz
° 256
° = 9600 Hz
° =440 Hz ( A )
= 256/
1
= /
= 256/( / )
= 256 * /
= 256 * (440 Hz)/(9600 Hz)
= 11.73
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H8/300L SLP

SLP (ToneGen)
1.3
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| zE N ESAS SLP (ToneGen)

TCFL input e -
clock —| 1—' U ]j U ]r—l U 1— J ]—j EJ H 1— J U U l—§ 1—

AL S
OCRFH,,E,,;,, 5
(H'XX) ol ' i
HOO o | :
TMOFL | High width I |
F——period 4 -
Overflow Compare match FL Overflow FL
FL clear clear TCFL
TCFL
High Width = OCRFL x 6.4us
Period =256 x 6.4 us
Duty Cycle ={High width/ period} x 100%
= {OCRFL/256} x 100%
4 F
4 F
FL (TCFL)
(OCRFL)
F
1 OCRFL
F (TMOFL  TMOFH)
( ) ( ) 5
TMOFH
Timer F L toggle
output pin
v
Mixer
circuit
~ TMOFL ! Speaker
Timer F L toggle
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2.1 PWM

vee RS ‘
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LENESANS

H8/300L SLP

SLP (ToneGen)
3.
PC
PC (Flash
Development Toolkit) URL
WWW.EeU.renesas.com.
MCU
PWM #define XTAL
=9.8304 MHz > #define XTAL 9830400L ( )
=4 MHz > #define XTAL 4000000L
H8/38024F MCU PWM 2
PWM
PWM1 > #define PWM_use 1 ( )
PWM1 > #define PWM _use 2
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H8/300L SLP

SLP (ToneGen)
4,
H8/38024F SLP MCU HEW
SLP/Tiny
4.1 PWM
8 PWM PWM _tone.c
PWM Play song
Tone Function
Play song Initialize AEC | i
Function timer , PWM P\rlﬁ/lem;q
AEC Interrupt g VI ue
Enable owly
Y Get sine wave value for
amup Musical Note
Function

Get musical notes
set PWM increment

Next counter value
note l AEC
Notes Delay

Complete
playing?

Shutdown PWM and
short delay for interval

¥

Update new musical
note value with

increment counter value

Interrupt 4

8 PWM_Tone.c
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LENESAS

H8/300L SLP D O O[O
SLPO0O0OOOODODOO (ToneGen)

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

/*

/* FILE : PWM Tone. c

/* DATE : Tue, Sep 09, 2003
/* DESCRI PTION : Mai n Program

/* CPU TYPE : H8/ 38024F

/*

/[* This file is generated by Renesas Project CGenerator (Ver.2.1).

/*

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

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

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

/* File Include */
/************************************************************/

#i ncl ude <machi ne. h>

#i ncl ude "i odefine. h"

#i ncl ude <mat h. h>
/************************************************************/
/* define */

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

#define XTAL 9830400L

#define sanple_freq (XTAL/4L) / 256L //256 clock cycles per interrupt

#define C1 ((256L * 523L)/100)/ (sanpl e_freq/ 100)
#define C1S ((256L * 554L)/100)/ (sanpl e_freq/ 100)
#define D1 ((256L * 587L)/100)/ (sanpl e_freq/ 100)
#define D1S ((256L * 622L)/100)/ (sanpl e_freq/ 100)
#define E1 ((256L * 659L)/100)/ (sanpl e_freq/ 100)
#define F1 ((256L * 698L)/100)/ (sanpl e_freq/ 100)
#define F1S ((256L * 740L)/100)/ (sanpl e_freq/ 100)
#define Gl ((256L * 784L)/100)/ (sanpl e_freq/ 100)
#defi ne GLS ((256L * 830L)/100)/(sanpl e_freq/100)
#define Al ((256L * 880L)/100)/ (sanpl e_freq/ 100)
#define AlS ((256L * 932L)/100)/ (sanpl e_freq/ 100)
#define Bl ((256L * 987L)/100)/ (sanpl e_freq/ 100)
#define C2 ((256L * 1046L)/100)/ (sanpl e_freq/ 100)
#define C2S ((256L * 1109L)/100)/ (sanpl e_freq/ 100)
#define D2 ((256L * 1174L)/100)/ (sanpl e_freq/ 100)
#defi ne D2S ((256L * 1244L)/100)/ (sanpl e_freq/ 100)
#define E2 ((256L * 1318L)/100)/ (sanpl e_freq/ 100)
#define F2 ((256L * 1396L)/100)/ (sanpl e_freq/ 100)
#define F2S ((256L * 1480L)/100)/ (sanpl e_freq/ 100)
#define @& ((256L * 1568L)/100)/ (sanpl e_freq/ 100)
#define &S ((256L * 1661L)/100)/ (sanpl e_freq/ 100)
#define A2 ((256L * 1760L)/100)/ (sanpl e_freq/ 100)
#define A2S ((256L * 1864L)/100)/ (sanpl e_freq/ 100)
#define B2 ((256L * 1864L)/100)/ (sanpl e_freq/ 100)
#define C3 ((256L * 2093L)/100)/ (sanpl e_freq/ 100)
#define C3S ((256L * 2217L)/100)/ (sanpl e_freq/ 100)
#define D3 ((256L * 2349L)/100)/ (sanpl e_freq/ 100)
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#define PWM_use 2 //select "1" for PWM channel 2
//select 0" for PWM channel 1

Y Salalaiaiaialaiaiaiaiaiaiaiaiaialaialaialaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaialaialalalaialaialaialaialaiaiaiaiakalakalaialel /

/* Function define */

Y Salalaiaiaialaiaiaiaiaiaiaiaiaialaialaialaiaiaiaiaiaiaiaiaiaiaialaiaiaiaiaiaialalalaialaialaialaialaaiaiaiaialakalaialel /

void init PWM(unsigned char);

void storeCount(unsigned short);

void aecint( void );

void init_AEC(void);

void init_Tone(void);void off DTMF(void);
void init PWM1(unsigned char selClkl);
void init PWM2(unsigned char selClk2);
void warm_up(void);

void play_song(void);

Y falaiaiaiaiaiasisisiaiaiaisssisisiaiaiaisissisisiaiaiaiaicaisisiaiaiaisiaaisiaiaiaiaiaiaaiaisiaiaiaiaiaaiaioioia /
/*Constant Look up Table for Sine Wave value

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

const unsigned int songl[]=
{

B2, B2, B2, A2S, G2S, A2S,
F2S, C2S, C2, F2S, F2, F2S,
A2S, G2S, B2, B2, A2S, G2S,
A2S, F2S, Al1lS, Al1S, D2S, D2,
D2S, F2S, F2, F2, F2, F2S,
F2, C2S, F2, D2S, B1, C2S,
D2S, C2S, D2S, F2, F2S, F2,
F2S, F2S, G2S, A2S, A2S, G2S,
G2S, G2S, OxFF

};

const unsigned int Sine_Table[256]=
{
512,518,525,531,537,543,550,556,
562,568,574,580,586,592,598,604,
610,616,621,627,633,638,644,649,
654,659,664 ,669,674,679,684,688,
693,697,702,706,710,714,717,721,
725,728,731,734,737,740,743,746,
748,750,753,755,756,758,760,761,
762,763,764 ,765,766,766,766,767,
767,767 ,766,766,766,765,764,763,
762,760,759,757,755,754,751,749,
747,744,742 ,739,736,733,730,726,
723,719,715,712,708,704,699,695,
691,686,681,677,672,667,662,657,
652,646,641,635,630,624,619,613,
607,601,595,589,583,577,571,565,
559,553,546,540,534,528,521,515,
509,503,496,490,484,478,471,465,
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| zE N ESAS SLP (ToneGen)

459,453,447 ,441,435,429,423,417,
411,405,400,394,389,383,378,372,
367,362,357,352,347,343,338,333,
329,325,320,316,312,309,305,301,
298,294,291,288,285,282,280,277,
275,273,270,269,267,265,264,262,
261,260,259,258,258,257,257,257,
257,257,258,258,259,260,261,262,
263,264,266,268,269,271,274,276,
278,281,284,287,290,293,296,299,
303,307,310,314,318,322,327,331,
336,340,345,350,355,360,365,370,
375,380,386,391,397,403,408,414,
420,426,432,438,444,450,456,462,
468,474,481,487,493,499,506,512

} ]
/************************************************************/

/*Global variable
/************************************************************/
unsigned char PWDR_L2, PWDR_U2;

unsigned int i=0,j=0, count=0, incl=0, inc2=0, final=0;
unsigned int lowcnt=0, hicnt=0;

unsigned char Ready = 0, DIGIT = 0;

unsigned int hold=0;

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

/* Main Program */

/*-k*-k*-k*-k*-k*-k*-k*-k*-k******************************************/
void main ( void )
{ play_songQ);

while (1)
//\rite user program here
/************************************************************/
/* Initialize Program */

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

//1Initialize tone generation function
void init_Tone(void)

{
set_imask_ccr(l); // Interrupt Disable
init AECQ);
#if (PWM_use==1)
init PWM1(0); //Select conversion period = 512/(PWM input clock)
#else
init PWM2(0); //Select conversion period = 512/(PWM input clock)
#endif

}

void init PWM1(unsigned char selClkl)
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{
if (selClkl <= 3) // Check if valid, otherwise PWM2 is off
{
P _10.PMRO.BIT.PWM1 = 1; // Configure P91 as PWM2 output pin
P_PWM1.PWCR1.BYTE = selClkl; // Clock select for PWM2,write only
}
}
void init PWM2(unsigned char selClk2)
{
if (selClk2 <= 3) // Check if valid, otherwise PWM2 is off
{
P _10.PMRO.BIT.PWM2 = 1; // Configure P91 as PWM2 output pin
P_PWM2.PWCR2.BYTE = selClk2; // Clock select for PWM2,write only
}
}
void off DTMF(void)
{
P_SYSCR.IENR2.BIT.I1ENEC = O;
// AEC Interrupt Request, 1-Enable, O-Disable
//compiler directive to select which code to be compile
#if (PWM_use==1)
P_10.PMRO.BIT.PWM1 = O; // Turn off PWM1
#else
P_10.PMR9.BIT.PWM2 = O; // Turn off PWM2
#endif
}
/************************************************************/
/* Initialize Program */

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

void warm_up(void)

{
set_imask_ccr(0); // Interrupts, O-Enable, 1-Disable
while(count<0x3000) ;
set_imask_ccr(l); // Interrupts, O-Enable, 1-Disable
Ready = 1;

}

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

/* play_song Program */

/************************************************************/
void play_song(void)

i=0;
init_Tone();

warm_upQ;
while(l)

while (songl[i]!=0xFFFF)
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{ i++;
incl = songl[i++];
set_imask_ccr(0); // Interrupts, O-Enable, 1-Disable
for (J=0; j<O0x35000; j++) ;
}
storeCount(512);
for (J=0; j<10000; j++) ; // short delay Tone
set_imask_ccr(l); // Interrupts, O-Enable, 1-Disable
i = 0;
}
off_DTMFQ);

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

/* Write each digital code into PWDR registers */

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

void storeCount(unsigned short PWDRval 2)

{
//compiler directive to select which code to be compile
#if (PWM_use==1)
P_PWM1.PWDRL1.BYTE = (unsigned char)(PWDRval 2 & OxO00FF);
// Write lower 8bits of 10bits data
P_PWM1.PWDRU1.BYTE = (unsigned char) ((PWDRval 2 & 0x0300) >> 8);
// Write upper 8bits of 10bits data
#else
P_PWM2.PWDRL2.BYTE = (unsigned char)(PWDRval 2 & OxO00FF);
// Write lower 8bits of 10bits data
P_PWM2.PWDRU2.BYTE = (unsigned char) ((PWDRval 2 & 0x0300) >> 8);
// Write upper 8bits of 10bits data
#endif
}

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

/* AEC Interrupt Service Routine */

/************************************************************/
void aecint (void)

{
P_SYSCR.IRR2_.BIT.IRREC = O; // Clear IRREC flag

if(P_AEC.ECCSR.BIT.OVL == 1) // Check for ECL overflow flag
{ P_AEC.ECCSR.BIT.OVL = 0O; // Clears flag

if(Ready == 0)
{

}

else
{ final = (Sine_Table[lowcnt]);

storeCount(count++/128);
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storeCount(final);
lowcnt = lowent + incl;
if(lowcnt>255) lowcnt = lowcnt-255;
// 1T reached end of 1 period, then reset

hicnt = hicnt + inc2;
if(hicnt>255) hicnt = hicnt-255;
// 1T reached end of 1 period, then reset
}
}
}
void init_AEC(void)
{
P_AEC.ECCSR.BYTE = 0x15;
P_AEC.ECCR.BYTE = 0x10;
P_SYSCR.IRR2_BIT.IRREC = O; // Clear IRREC flag
P_SYSCR.IENR2.BIT.IENEC = 1; // AEC Interrupt Request, 1-Enable, O-
Disable
}
intprg.c
extern void aecint (void); //insert AEC ISR function

__interrupt(vect=12) void INT_Counter(void)

aecint(Q); //insert AEC ISR function
}
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/***********************************************************************/

/*

/* FILE :Timer_tone.c

/* DATE :Fri, Sep 12, 2003
/* DESCRI PTI ON : Mai n Program

/* CPU TYPE : H3/ 38024F

/*

/[* This file is generated by Renesas Project CGenerator (Ver.2.1).

/*

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

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

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

/* File Include */
/************************************************************/

#i ncl ude <machi ne. h>

#i ncl ude "i odefine. h"
/************************************************************/
/* define */
/************************************************************/
#defi ne XTAL 9830400L

#define Tinmer_clk 32L // main clock / 32

#define Cl (XTAL / (Timer_clk*4L*523L))
#define CI1S (XTAL / (Tinmer_cl k*4L*554L))
#define D1 (XTAL / (Timer_cl k*4L*587L))
#defi ne D1S (XTAL / (Tinmer_clk*4L*622L))
#define E1 (XTAL / (Timer_clk*4L*659L))
#define F1 (XTAL / (Timer_clk*4L*698L))
#define F1S (XTAL / (Tinmer_clk*4L*740L))
#define GL (XTAL / (Timer_clk*4L*784L))
#defi ne GLS (XTAL / (Tinmer_cl k*4L*830L))
#define Al (XTAL / (Timer_clk*4L*880L))
#defi ne A1S (XTAL / (Tinmer_cl k*4L*932L))
#define Bl (XTAL / (Tinmer_clk*4L*987L))
#define Q2 (XTAL / (Timer_clk*4L*1046L))
#define C2S (XTAL / (Timer_clk*4L*1109L))
#define D2 (XTAL / (Tinmer_cl k*4L*1174L))
#defi ne D2S (XTAL / (Tinmer_clk*4L*1244L))
#define E2 (XTAL / (Timer_clk*4L*1318L))
#define F2 (XTAL / (Timer_cl k*4L*1396L))
#define F2S (XTAL / (Tinmer_clk*4L*1480L))
#define @& (XTAL / (Tinmer_clk*4L*1568L))
#define Q&S (XTAL / (Tinmer_clk*4L*1661L))
#define A2 (XTAL / (Timer_clk*4L*1760L))
#defi ne A2S (XTAL / (Timer_clk*4L*1864L))
#define B2 (XTAL / (Tinmer_clk*4L*1975L))
#define C3 (XTAL / Tinmer_cl k*4L)/(2093L)
#define C3S (XTAL / Tinmer_clk*4L)/(2217L)
#define D3 (XTAL / Tinmer_clk*4L)/(2349L)
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/ nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn/
/ nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn/

void init_Tone(void);
void play_song(void);

Y faliiaiaiaiadsisisiaiaiaiddsisisisiaiaiassisisiaiaiaiaisasisisiaiaiaiaiaaiasiaiaiaiaiaiaaiaisiaiaiaiaiaiaiaiaiaia /
/*Constant Look up Table for Sine Wave value

Y falaiaiaiaiaiasisisiaiaiaidssisisiaiaiaisssisiaiaiaiaiasisasiasisiaiaiaiasiaaiesisiaiaiaiaisaiaiaiaiaiaiaiaiaiaioiaia /
const unsigned char songl[]=

B2, B2, B2, A2S, G2S, AZ2S,
F2S, C2S, C2, F2S, F2, F2S,
A2S, G2S, B2, B2, A2S, G2S,
A2S, F2S, AlS, A1S, D2S, D2,
D2S, F2S, F2, F2, F2, F2S,
F2, C2S, F2, D2S, B1, C2S,
D2S, C2S, D2S, F2, F2S, F2,
F2S, F2S, G2S, A2S, A2S, G2S,
G2S, G2S, OxFF

} ]
/************************************************************/

/*Global variable

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

unsigned int i=0,j=0, count=0;

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

/* Main Program */
/********-k-k**************************************************/
void main (void)

{ play_song(Q);

while (1)
//\rite user program here
/************************************************************/
/* Initialize Program */

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

//1Initialize tone generation function
void init_Tone(void)
{

set_imask_ccr(l); // Interrupt Disable
//1Init Timer F start

// 8 bit timer F counter, Sub clock /7 4 selected toggle output enable
P_10.PMR3.BYTE = 0x06;

P_TMRF.TCRF.BYTE = OxCE;

P_TMRF._TCSRF.BYTE = 0Ox11;
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//TCF cleared when TCF and OCRF match

if (P_TMRF.TCSRF.BIT.CMFH == 1) P_TMRF.TCSRF.BIT.CMFH = O0;
if (P_TMRF.TCSRF.BIT.CMFL == 1) P_TMRF.TCSRF.BIT.CMFL = O;
set_imask_ccr(0); // Interrupt Enable

//Init Timer F end

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

/* play_song Program */
/************************************************************/
void play_song(void)

unsigned int i=0, j=0;

init_Tone(Q);
while(l)
{
while (songl[i]!=0xFF)
{
P_TMRF.OCRF.BYTE.H = songl[i];
P_TMRF.OCRF.BYTE.L = songl[i];
i++;
for (J=0; j<35000; j++) ;
+
for (J=0; j<35000; j++) ;
i=0;
}
P_TMRF.TCRF.BYTE = 0x00;

}
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5.

1. PWM Sine Wave Generation, (Application Note ref. no: AN0303003, http://sg.renesas.com,)
2. Use PWM asA DAC, (Application Note ref. no: AN0303004, http://sg.renesas.com,)
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