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DTMF 16

1 DTMF

(Hz)
697Hz
770Hz
852Hz
941Hz
1209Hz
1335Hz
1477Hz
1633Hz

DTMF
1.5% 2% DTMF PWM

50ms 50ms

Digit 1 Digit 2 Digit 3 Digit A
697 Hz | |697Hz | |697Hz | |697 Hz
1209 Hz| |1335Hz| [1477 Hz| |1633 Hz

Digit 4 Digit 5 Digit 6 Digit B
770 Hz 770 Hz 770 Hz 770 Hz
1209 Hz 1335 Hz 1477 Hz 1633 Hz

Digit 7 Digit 8 Digit 9 Digit C
852Hz | [852Hz | [852Hz | |852Hz
1209 Hz| |1335Hz| [1477 Hz| |1633 Hz

Digit Digit 0 Digit # Digit D
941 Hz | |941Hz | |941Hz | |941Hz
1209 Hz| |1335Hz| [1477 Hz| |1633 Hz
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PWM DTMF 2 3
PWM to DAC DAC to Sine Wave Summation of two
PWM Sine Wave DTMF
Anaog Sine
Voltage Wave
2 DTMF
1.1 PWM D/A
PWM ( RC )
PWM High Low
3 PWM D/A D/A

AN: 03/03/004 — “PWM asaDAC”

AV = 3.3V Fhd le
P i i e e e R | ) i — oc
R2 | I r“""'f |x“‘-:"f 1
0.5k I P , : : I I
oo ) I_ _! 1_1 L1 !. =
LR 5 . .
i 1.2M ; e Higher duty cycle => higher DC
PO1/PWHM2 M—l—o e VT S _. -
c1 : : : : : I Iy
! P |, = el oC
O SR ek A IR ey [CaiiTr
= Lower duty cycle => lower DC value
3 PWM D/A
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PWM DTMF (DTMF)
1.2 D/A
DC 2
°
°
“PWM Sine Wave Generation”
W= Asinnt
O - 1
Sampls Penad
4
(Asynchronous Event Counter) AEC 8
D2 (D = /2) AEC 256
9.8304 MHz
AEC 1 Tinterrupt
Tinterrupt = ((1 / (QIZ)) X 256

= (1/ (crystal / 4)) x 256

=(1/(9.8304MHz / 4) x 256

=10.42us

1 AEC AEC
(Interrupt Service Routine) PWM
=1/ Tinterrupt
= 9600Hz
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[ 256
[ = 9600Hz
L = 852Hz
= 256/
1
= /
= 2561( / )
= 256 * /
= 256 * (852Hz)/(9600Hz)
= 22.72
2
(Hz)
® 697Hz ® 18.587
® 770Hz ® 20.533
® 852Hz e 22720
® 941Hz ® 25.093
® 1209Hz ® 32.240
® 1335Hz e 35.600
® 1477Hz ® 39.387
® 1633Hz ® 43547
1.3 2
DTMF 2 2
2 DTMF 5
High
Frequency
Tone
point to superimpose
f»;rgelaewave + tE?'fgl\iflvléa tone
Low
Frequency
Tone
sampling
5 2
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H8/300L SLP

DTMF (DTMF)

MCU
PWM

RC
Low Pass

Transistor
Amplifier

Loud
Speaker

output Filter

6 DTMF

DTMF SLP PWM (Pulse Width Modulation)

PWM

(Low Pass Filter) PWM LPF

vee RS ‘
DAC_out
T
' 510 s, - - - — - — - -,
, cie
0.224F H i fFi ,
Low Pass Filter T ‘ Audio Amplifier Block
‘ DA vee ‘
swi - '
On_Of switch ' S .
4 3 P83 '
o3 x J
L 5. 2 Egi ‘ Q1 \
6, } [Zl B850 2N3906
Power Connector | X ° x P77 . R4 R2 ‘
P76 27K 12K Q2
P75 ' BC337
= P74 '
vece P73
70°| P40 u1 H8/38024 prs P72 ‘ D1 '
542 P41 P72 P71 v
c2 P43 paz P71 70 ca 1N4148
P42 PBO P43 P70 P67 'DAC_out| I( Q3
P95 PBL PBO P67 P66 . AN BC5498
Pa1 0.1u PB2 PBl1 P66 2 R7
B3 PB2 P65 P64 10u
PB4 PB3 P64 P63 ‘ RO
= PB5 PB4 P63 P62 100K
HEADER 6 PB6 Egz o Lz ng P61 R10 22K D2
= PE7 80| aNHES '
Serial Cable LT N = A 1T A ® ¥ e
vee SO e Ny 00UUBEEBIBEE
Connector TARAREXXZTOOFXOAAdAADD '
INEA| o]
s 2 H8/38024 F-ZTAT ‘
R1 2 FP-80A
g4
(2 (2w ' L
nes 2 ZOLBEE HD64T38024F —~c3 330u
Cc10 Cc11 !
/:[\ 0.1u 0.1u 47u
I [RRRRERRE il \
s1 ) osci § osc2 )
1 vi g0 .
° X1 x
Reset Switch 1u v2 '
32.768KHz D = !
Lo L Ll L oL oL
13 15p _ 9.8304MHz

c12=—15p [

— cu - ci5
12p 12p

ov
PWM
DC

0  512(10 PWM )

PWM PWM 512 DI/IA

1.65V
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PWM DTMF (DTMF)
3.
PC
DTMF
PC Flash Development Toolkit (FDT) URL
WWW.EU.renesas.com .
DTMF MCU
DTMF
MCU
DTMF PWM
PHONE_NO 123456789
0 9 16
H'00 HO01 ..H'08 H09 H’'0A H’'OF A B C D * #
H'10
DTMF #define XTAL
= 9.8304MHz > #define XTAL 9830400L )
=4MHz > #define XTAL 4000000L

H8/38024F MCU PWM 2 PWM

PWM1 > #define PWM_use 1 ( )

PWM2 > #define PWM_use 2

8 9 TDS3054 DTMF
8 SIN 30.4dB 9 8 (852Hz

1335Hz)
RJS06B0025-0100/Rev.1.00 2004.08 Page 7 of 18



LENESANS

H8/300L SLP

T

Chil 1.00V

M2.00ms] Al Chl

j@: -50.0dBE
1 Signal to Notse
1 =3044B

DTME

Waveform

: Frecquency
4 Spectrum

PWM DTMF (DTMF)
Tek Stop | &

9 Sep 2003
MER] [ 20.0dB 1.25KHz|l[10.00 % | 13:06:56
8 8 DTMF (SNR)

: 2.40dB
: —18.8dBE

470 Hz
850 Hz

DTMF
Waveform

850Hz

1320H=z

Frequency
Spectrum

Chi] 1.00V ' '

M[2.00ms] A Chl 7 960mV

Mat i 20.0 dB

500 Hz |[10.00 % |

9 Sep 2003
13:18:19

9 8

DTMF

)
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4.,
H8/38024F SLP MCU HEW
SLP/Tiny
“DTMF_dialing.c”
DTMF Phone Dialing
DIALING Function
Phone Dialing Initialize AEC | )
Function timer , PWM P\r;VCI{/Iem;q
AEC Interrupt value
Enable sowly
Warlr'n u Get sine wave value for
Functior? freql and freg2
B —— ]
e Summation of 2 freq
b Gfap&%fﬂﬂggf s Update PWM vdue
Next counter value
Digit J AEC
DTMF dialing Delay | !nterrupt ]
] Update new freq value
Shutdown PWM and with increment counter
value
delay for interva
between 2 digit
| ’ ,
Turn-off DTMF v
After complete all AEC ISR
phone number digit end

Phone Dialing
End

10 DTMF_dialing.c
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H8/300L SLP O D O[O
PwMOOOODOOODO DTMFOO DO OO (DTMF)

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

/*

/* FILE :DTMF_Di aling.c

/* DATE : Tue, Mar 04, 2003
/* DESCRI PTION : 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
/************************************************************/
#define XTAL 9830400L

#define sanple_freq (XTAL/4L) | 256L //256 clock cycles per interrupt
#define tone lowa ((256L * 697L)/100)/ (sanple_freq/ 100)
#define tone lowb ((256L * 770L)/100)/ (sanple_freq/ 100)
#define tone lowc ((256L * 852L)/100)/ (sanple_freq/100)
#define tone lowd ((256L * 941L)/100)/ (sanple_freq/ 100)
#define tone_high_a ((256L * 1209L)/100)/(sanpl e_freq/ 100)
#define tone_high b ((256L * 1335L)/100)/(sanpl e_freq/100)
#define tone_high c ((256L * 1477L)/100)/(sanpl e_freq/ 100)
#define tone_high d ((256L * 1633L)/100)/(sanpl e_freq/100)
#defi ne PWM use 2 //select "1" for PWM channel 2

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

/* Function define

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

voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d

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

//select "0" for PWM channel 1

i nit_PWMunsigned char);
st or eCount (unsi gned short);
aecint( void );
init_AEC(void);
init_DTMF(void);void of f_DTM~(void);
init_ PWML(unsigned char sel dkl);
init_ PWW2(unsigned char sel d k2);

war m up(voi d);

di al i ng(void);

[ *Constant Look up Table for Sine Wave val ue

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

const unsigned int sanpl e

const unsigned int

{

=sanpl e_freq;

Si ne_Tabl e[ 256] =

512, 518, 525, 531, 537, 543, 550, 556,
562, 568, 574, 580, 586, 592, 598, 604,

RJS06B0025-0100/Rev.1.00

2004.08
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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,
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

}:

const unsigned char tone[16][2] =

{ //Keypad digit Tone Pair (Hz)
{tone_low_d,tone_high_b}, // "0" 941Hz, 1335Hz
{tone_low_a,tone_high_a}, // "1t 697Hz, 1209Hz
{tone_low_a,tone_high_b}, // T2t 697Hz, 1335Hz
{tone_low_a,tone_high_c}, // "3" 697Hz, 1477Hz
{tone_low_b,tone_high_a}, // 4T 770Hz, 1209Hz
{tone_low_b,tone_high_b}, // °5" 770Hz, 1335Hz
{tone_low_b,tone_high_c}, // "6" 770Hz, 1477Hz
{tone_low_c,tone_high_a}, // tT" 852Hz, 1209Hz
{tone_low_c,tone_high_b}, // "8" 852Hz, 1335Hz
{tone_low_c,tone_high_c}, // 9" 852Hz, 1477Hz
{tone_low_a,tone_high_d}, // AT 697Hz, 1633Hz
{tone_low_b,tone_high_d}, // "B" 770Hz, 1633Hz
{tone_low_c,tone_high_d}, // -C* 852Hz, 1633Hz
{tone_low_d,tone_high_d}, // "D* 941Hz, 1633Hz
{tone_low_d,tone_high_a}, VA 941Hz, 1209Hz
{tone_low_d,tone_high_c}, VA 941Hz, 1477Hz
}:

RJS06B0025-0100/Rev.1.00 2004.08 Page 11 of 18
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/ nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn/
/ nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn/

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 char PHONE_NO[]={0x01,0x02,0x03,0x04,0x05,0x06,0x07,0x08,0x09,0x10};

Y falaiaiaiaiaiasisisiaiaiaidssisisiaiaiaisssisiaiaiaiaiasisasiasisiaiaiaiasiaaiesisiaiaiaiaisaiaiaiaiaiaiaiaiaiaioiaia /
/* Main Program */
Y falaiaiaiaiadsisisiaiaiaidssisisiaiaiaisissisisiaiaiaiaisaiaisiaiaiaisiaaisiaiaiaiaiaiaiaiaisiaiaiaiaiaaiaiaiola /
void main ( void )
{

//Dialing

dialingQ; //DTMF dialing

while (1)
{

//\rite user program here

}
}

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

/* Initialize Program */
/************************************************************/
//Initialize DTMF function

void init DTMF(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)
{
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
}
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3
void off DTMF(void)

{

P_SYSCR.IENR2.BIT.I1ENEC = O;

//compiler directive to select which code to be compile

#if (PWM_use==1)

P_10.PMR9.BIT.PWM1 = O; // Turn off PWM1

#else

P_10.PMR9.BIT.PWM2 = O; // Turn off PWM2

#endif
}
Y falaiaiaiaiadsisisiaiaiaidssisisiaiaiaisissisisiaiaiaiaisadiaisiaiaiaisiaaisisiaiaiaiaiaaiaisiaiaiaiaiaaiaiaiaia /
/* Initialize Program */
Y faliiaiaiaiasisisiaiaiaisssisisiaiaiaisssisisiaiaiaiaicasiasisiaiaiaiaiaaisisiaiaiaiaiaaiaisiaiaiaiaiaaiaiaiaia /
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;
}
/************************************************************/
/* DTMF dialing Program */

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

void dialing(void)

{

init DTMFQ);

warm_upQ;

i =0;

while (PHONE_NO[i]'=0x10)

{
incl = tone[PHONE NO[i]]1[O0];
inc2 = tone[PHONE NO[i]1]1I1]1;
//Dialing
set_imask_ccr(0); // Interrupts, O-Enable, 1-Disable
for (J=0; j<15000; j++) ; // short delay Tone dialing
set_imask_ccr(l); // Interrupts, O-Enable, 1-Disable
storeCount(0);
for (J=0; j<15000; j++) ;// short delay interval between 2 phone digit
i++; //next digit

}

set_imask_ccr(l); // Interrupts, O-Enable, 1-Disable

off_DTMFQ);
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}
Y falsiaiaiaiaiaisisisiaiaiaidasisisiaiaiaisssisisiaiaiaiasasiasisiaiaiaisiaaisiaiaiaiaiaiaaiaisiaiaiaiaiaiaiaiaiaia /
/* Write each digital code into PWDR registers */
Y faliiaiaiaiadsisisiaiaiaiddsisisiaiaiaisissisisiaiaiaiaisaiasisiaiaiaisiaaiesiaiaiaiaiaiaaiaiaiaiaiaiaiaaiaiaioia /
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 = 0; // 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)
{
storeCount(count++/128);
}
else
{
final = (Sine_Table[lowcnt])/2+(Sine_Table[hicnt])/2;
storeCount(final);
lowecnt = 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;
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P_SYSCR.IRR2.BIT.IRREC = O; // Clear IRREC flag
P_SYSCR.IENR2.BIT.IENEC = 1; // AEC Interrupt Request

}

“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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5.

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