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Introduction

Frequency

Amplitude

0 t

The sound generator produces signals composed of frequency output and PWM signal for volume
control. The generated frequency is in the range of 256 Hz to 7.7 kHz, it can be used either for
simple alarm sounds, buzzer, gong or beeper.

The sound generator is ideal for all the application which need events sounds or alarm, such as:
•  Dashboard
•  Body unit
•  Security
•  Multifunction display

A large panel of microcontrollers have sound generator on chip :
•  µPD78(F)097X
•  µPD78(F)082X
•  µPD16(F)1X
•  µPD78(F)094X

This application note has been developed for the 78K0(F)94X microcontroller. Therefore, all the
programs are dedicated to the 78K0(F)94x microcontroller (especially for the interrupt pointers).
But there is an easy migration path between all the 78K0 products. So it is very simple to transfer
this code to the other 8 bits microcontrollers with sound generator on chip.

1. What is “Sound”?

The simplest form of sound is a harmonic wave. So we can define a sound by a frequency and an
amplitude :

The amplitude defines the volume and the frequency defines the tone.
Now the target is to reproduce a sound.
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8

•  Sine wave approach by Pulse With Modulation (PWM) output and with filtering :

The NEC sound generator uses the second solution. The advantages are that we need to do only
an amplitude selection and a frequency selection.

Amplitude

Frequency

0 t

2. Digital solutions

•  Sine wave approach with a Digital to Analog converter :

Frequency

Amplitude

0 t
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Chapter 1   NEC Sound Generator

1.1  Possibilities

The control of different registers permits to choose:

•  
 
A frequency output signal between 250 Hz and 7,3 kHz,

•  One of the 128 steps amplitude level,
•  A composed or separated frequency/amplitude output.

1.2  Block Diagram

Figure 1-1: Sound Generator Block Diagram
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1.3  Registers

The following three types of registers are used to control the sound generator :

•  
 
Sound generator control register (SGCR),

•  
 
Sound generator buzzer control register (SGBR),

•  
 
Sound generator amplitude control register (SGAM).

1.3.1  Sound Generator Control Register (SGCR)

SGCR is a register which sets up the followings four types :

•  
 
Controls sound generator output,

•   Selects output of sound generator,
•  

 
Selects sound generator input frequency fSG1,

•  
 
Selects 5-bit counter input frequency fSG2.

SGCR is set with a 1-bit or 8-bits memory manipulation instruction.
RESET input SGCR to 00H.

Figure 1-2 shows the SGCR format.

Figure 1-2: Sound Generator Control Register (SGCR) Format

Figure 1-3 shows the TCE bit function.

Figure 1-3: TCE bit function

Symbol 7 6 5 4 3 2 1 0 Address
After
Reset

R/W

SGCR TCE 0 0 0 SGOB SGCL2 SGCL1 SGCL0 FFC0H 04H R/W

TCE Sound Generator Output Selection

0 Timer operation stopped
SGOF/SGO and SGOA for low-level output

1 Sound generator operation
SGOF/SGO and SGOA for output

SGOF : Basic cycle signal (without amplitude),
SGO : Basic cycle signal (with amplitude),
SGOA : Amplitude signal

Caution : It’s better before setting the TCE bit, to set all the other bits.
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Figure 1-4 shows  how to set bits SGOB, SGCL2, SGCL1 and SGCL0.

Figure 1-4: Setting the bits SGOB, SGCL2, SGCL1 and SGCL0

SGOB Sound Generator Output Selection

0 Selects SGOF and SGOA outputs

1 Selects SGO and PCL outputs

SGCL2 SGCL1 5-Bit Counter Input Frequency fSG2 Selection

0 0 fSG2 = fSG1/2
5

0 1 fSG2 = fSG1/2
6

1 0 fSG2 = fSG1/2
7

1 1 fSG2 = fSG1/2
8

SGCL0 Sound Generator Input Frequency Selection

0 fSG1 = fX/2

1 fSG1 = fX

Maximum and minimum values of the buzzer output frequency are shown in the Figure 1-5.

Figure 1-5: Maximum and minimum values of the buzzer output frequency

Cautions : 1. When rewriting SGCR to other data, stop the timer operation (TCE=0) before
    hand.
2. Bits 4 to 6 must be set to 0.

Maximum and Minimum Values of Buzzer Output

fx = 8 MHz fx = 8.38 MHzSGCL2 SGCL1 SGCL0
fSG2

Max. (kHz) Min. (kHz) Max. (kHz) Min. (kHz)

0 0 0 fSG1/26 3.677 1.953 3.851 2.046

0 0 1 fSG1/25 7.354 3.906 7.702 4.092

0 1 0 fSG1/27 1.838 0.976 1.926 1.024

0 1 1 fSG1/26 3.677 1.953 0.481 2.046

1 0 0 fSG1/28 0.919 0.488 0.963 0.512

1 0 1 fSG1/27 1.838 0.976 1.926 1.024

1 1 0 fSG1/29 0.460 0.244 0.481 0.256

1 1 1 fSG1/28 0.919 0.488 0.963 0.512
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1.3.2 Sound Generator Buzzer Control Register (SGBR)

SGBR is a register that sets the basic frequency of the sound generator output signal.
SGBR is set with a 1-bit or 8-bits memory manipulation instruction.
RESET input clears SGCR to 00H.

Figure 1-6 shows the SGBR format.

Figure 1-6: Sound Generator Buzzer Control Register (SGBR) Format

Symbol 7 6 5 4 3 2 1 0 Address After
Reset R/W

SGBR 0 0 0 0 SGBR3 SGBR2 SGBR1 SGBR0 FFC2H 00H R/W

Buzzer Output Frequency (kHz)
 Note

SGBR3 SGBR2 SGBR1 SGBR0
fx = 8 MHz) fx = 8.38 MHz)

0 0 0 0 3.677 3.851

0 0 0 1 3.472 3.637

0 0 1 0 3.290 3.446

0 0 1 1 3.125 3.273

0 1 0 0 2.976 3.117

0 1 0 1 2.841 2.976

0 1 1 0 2.717 2.847

0 1 1 1 2.604 2.728

1 0 0 0 2.500 2.619

1 0 0 1 2.404 2.518

1 0 1 0 2.315 2.425

1 0 1 1 2.232 2.339

1 1 0 0 2.155 2.258

1 1 0 1 2.083 2.182

1 1 1 0 2.016 2.112

1 1 1 1 1.953 2.046

Remark  : The values in the previous table exist when SGCL0, SGCL1 and SGCL2 are setting to
0,0 and 0.

Cautions : 1. When rewriting SGBR to other data, stop the timer operation (TCE=0) before
    hand.
2. Bits 4 to 7 must be set to 0.
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1.3.3 Sound Generator Amplitude Register (SGAM)

SGAM is a register that sets the amplitude of the sound generator output signal.
SGAM is set with a 1-bit or 8-bits memory manipulation instruction.
RESET input clears SGAM register to 00H.

Figure 1-7 shows the SGAM format.

Figure 1-7: Sound Generator Amplitude Register (SGAM) Format

Symbol 7 6 5 4 3 2 1 0 Address After
Reset R/W

SGAM 0 SGAM6 SGAM5 SGAM4 SGAM3 SGAM2 SGAM1 SGAM0 FFC1H 00H R/W

SGAM6 SGAM5 SGAM4 SGAM3 SGAM2 SGAM1 SGAM0 Amplitude

0 0 0 0 0 0 0 0/128

0 0 0 0 0 0 1 2/128

0 0 0 0 0 1 0 3/128

0 0 0 0 0 1 1 4/128

0 0 0 0 1 0 0 5/128

0 0 0 0 1 0 1 6/128

0 0 0 0 1 1 0 7/128

0 0 0 0 1 1 1 8/128

0 0 0 1 0 0 0 9/128

0 0 0 1 0 0 1 10/128

0 0 0 1 0 1 0 11/128

0 0 0 1 0 1 1 12/128

0 0 0 1 1 0 0 13/128

0 0 0 1 1 0 1 14/128

0 0 0 1 1 1 0 15/128

0 0 0 1 1 1 1 16/128

0 0 1 0 0 0 0 17/128

0 0 1 0 0 0 1 18/128

0 0 1 0 0 1 0 19/128

0 0 1 0 0 1 1 20/128

0 0 1 0 1 0 0 21/128

0 0 1 0 1 0 1 22/128

0 0 1 0 1 1 0 23/128

0 0 1 0 1 1 1 24/128

0 0 1 1 0 0 0 25/128

0 0 1 1 0 0 1 26/128

0 0 1 1 0 1 0 27/128

0 0 1 1 0 1 1 28/128

0 0 1 1 1 0 0 29/128

0 0 1 1 1 0 1 30/128

0 0 1 1 1 1 0 31/128

¦ ¦

1 1 1 1 1 1 1 128/128

Cautions : 1. When rewriting the contents of SGAM, the timer operation does not need to
be stopped. However, note that a high level may be output for one period
due to rewrite timing.

    2. Bits 7 must be set to 0.
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1.3.4 Sound Generator Settings

<A>. Choose the sound generator output by SGOB bit.

<B>. Set port 3 in output mode by PM3 register.

<C>. Set the maximum and the minimum values of the buzzer output frequency through SGCL2,
SGCL1 and SGCL1.

<D>. Choose the output frequency by SGBR register.
The sound generator output frequency fSG can be calculated by the following expression :

fSG = 2 (SGCL0 - SGCL1 - 2 x SGCL2 -7)  x [  fx / (SGBR + 17)]

Remarks :
•   fx is the component frequency.
•   SGCL2, SGCL1 and SGCL0 values must be replaced by decimals
   values in the previous expression.

Example :
When fx = 8MHz, SGCL0 to SGCL2 is (1,0,0), SGBR0 to SGBR3 is
(1,1,1,1) and SGBR = 15. Therefore, the sound generator output frequency
is  fsg = 3,906 KHz.

<E>. Select the amplitude of the output signal by SGAM register.

<F>. Set TCE to 1 to start the sound generator operation.

    Select SGO or SGOF by setting bit 3 (SGOB) of the sound generator control register (SGCR)
to “1”. If you choose to use the SGOF output, the amplitude specified by the SGAM0 to SGAM6 is
output from the SGOA pin. When SGO output is selected, the SGOA pin can be used as a PCL
output (clock output) or I/O port pin.

1.4 Output Signal

Figure 1-8: Sound Generator Output Signal

Basic cycle output SGOF
(without amplitude)

Amplitude output SGOA

Basic cycle output SGO
(with amplitude)
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Chapter 2    Examples

2.1 Alarm & Gong Programs

2.1.1 Organisation

Figure 2-1: Organisation

Remarks :    You must link the MAIN and IN78094X in all the cases.
   If you want to produce a gong effect, link the MAIN (and IN78094x) and
   GONG_AMPL files.
   If you want to produce an alarm effect link the MAIN (and IN78094x) and
   ALARM_FREQ files.

Caution : You must be careful with yours includes. For example, NEC_SOUND_AMPL
and NEC-SOUND_FREQ must be in the current directory.

NEC_SOUND_AMPL NEC_SOUND_FREQ

GONG_AMPL ALARM_FREQ

MAIN IN78094X

Include Include

Link

Link Link

OR
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2.1.2 The Main

//
********************************************************************
//********************* NEC Electronics **************************
//
********************************************************************
//
// Name : MAIN.
//
// Date : 3/02/98 (d/m/y).
//
// Descritpion : This module consist of the function Main.
//              After CPU settings, the function GONG_AMPL(or
//               ALARM_FREQ) is called.
//               Warning : This programme use the port 14 to
//               drive the sound and the frequency,
//              (you can choose between 2 frequencies).
//
//
// Inputs : None.
// Outputs : None.
// Functions needed : None
//
// Modules Needed : GONGON.C
//
********************************************************************

// ***** Includes :

# pragma language  = extended

# include <c:\iar\inc\io78094X.H>

# include <c:\iar\inc\in78000.H>

// ***** Code :

//——Declarations :
extern unsigned char gongstatus ;

unsigned char soundselection = 0 ;

//—— Function Protypes :
extern void gong(unsigned char) ;

// Function Main:

void main(void)
{
// Init. CPU
PCC = 0x00 ; // Main clock (fx=8Mhz)
MEM = 0 ;    //
IMS = 0xCF ; //
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// Init. port for gong ON/OFF selection :
PF14 =0 ;       //Port function
PM14 = 0x03 ; // Port 14.0 and 14.1 input mode.
              // Port 14.2 to 14.7 ouput mode.

// Loop

while (1)
  {
  soundselection = 0;

  if (gongstatus == 0)
    {
      if (P14.0 == 1)
        {
        soundselection = P14 & 0x02 ;
        gong(soundselection);
        }
    }
  } // End while

}
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2.1.3 Function Called to Produce an Amplitude Variation

//
********************************************************************
//************************ NEC ELectronics ************************
//
********************************************************************
//
// Name : GONG_AMPL
//
// Date : 3/02/98 (d/m/y).
//
// Description : Function to test the sound generator of the
//            µPD78K0948. To use only the amplitude setting.
//
// Inputs : None.
// Outputs : None.
// Needed modules : necsound_Ampl.h      Amplitude table
//   in78094x.C      Interrupt definition
//
//
********************************************************************

// ***** Includes :

# pragma language  = extended

# include <c:\iar\inc\io78094X.H>

# include <c:\iar\inc\in78000.H>

# include “necsound.h”   // To use the table of amplitude varia-
tions.

// ***** Code :

//—— Global declaration :
unsigned char gongstatus = 0;
extern void NoFunction(void) ;

//—— Prototyps :
void gongISR (void) ;

void gong (unsigned char soundselection)

{
extern void (*pISR_TM50) ();      // Pointer to ISR of Timer 50

// Init sound generator :
SGCR = SGCR | 0x08 ;  // Selects by SGOB bit SGO and PCL outputs

// You can choose the frequency value by the port P14.1
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if (soundselection)
{
SGCR = (SGCR & 0xF8) | 0x04 ; //SGCL2 = 1, SGCL1=SGCL0=0
                              // min freq = 0,512 KHz
                              // max freq = 0,963 KHz

SGBR = 0x09 ;                 // SGBR = 9
                              // => Fsg=600Hz
}
else
{
  SGCR = (SGCR & 0xF8) | 0x02 ;
  SGBR = 0x0E ;  // => Fx=1000Hz
}

SGAM = 0x00 ;  // Set Amplitude to 0.

PM3.4 = 0 ;    // Set SGO pin to ouput mode.

gongstatus = 1 ; // set gongstatus = ON ;

SGCR = SGCR | 0x80 ; // TCE = 1, Sound generator operation enable.

//—— Init gong interrupt :
TCL50 = 0x07 ;           // Timer freq = Fx/512 = 15,625 KHz
TMC50 = TMC50 & 0xBF ;   // To be sure to have TMC50.7 = 0
                         // To clear and start on match with
CR50

CR50 = 0x7A ;            // Interrupt on 15,625KHz/122 => all
7,8ms

pISR_TM50 = gongISR ;

_EI() ;               // Enabled interrupt

MK1L.6 = 0 ; // Enable timer 50 interrupt
PR1L.6 = 0 ; // Enable timer 50 interrupt
TMC50 = TMC50 | 0x80 ; // Enable timer 50

}
//************************* End Gong *****************************

//
********************************************************************
// Function:    GongISR
// Parameter:   None
// Description: Transfers sound generator amplitude values from a
look-up
//              table to the respective SG SFR.
//              In a second time this function disable inter-
rupts.
//
********************************************************************
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void gongISR (void)
{
static unsigned char gongcounter = 0;

if (gongstatus)                       // Gong enabled?
  {
  SGAM = NEC_Sound_3[gongcounter++];      // Set new SG Amplitude

  if (gongcounter > 127)               // Gong done?
    {
    gongcounter = 0;                 // Reset Gong Counter
    gongstatus  = 0;                 // Disable Gong
    SGCR = SGCR & 0x0f ;             // Disable Sound Generator
    MK1L = MK1L | 0x40 ;             // Disable Gong Interrupt
    TMC50 = TMC50 & 0x7F ;           // Disable Gong Interrupt
Source
    pISR_TM50 = NoFunction ;         // Assign NoFunction as ISR
of TM50
    }
  }

}//************************* End GongISR *************************
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2.1.4 Table to Produce a Quick Amplitude Variation

//
********************************************************************
//************************* NEC Electromics ***********************
//
********************************************************************
//
// Name : NEC_SOUND_3
//
// Date : 3/02/98 (d/m/y).
//
// Description : All the 7,8 ms a new value will be store in SGAM.
//  To produce a quick amplitude variation.
//
//
********************************************************************
const unsigned char NEC_Sound_3[128] =
{

0x2F, // 1. SG Amplitude after 0.0 ms
0x3F, // 2. SG Amplitude after 7.8 ms
0x4F, // 3. SG Amplitude after 15.6 ms
0x57, // 4. SG Amplitude after 23.4 ms
0x67, // 5. SG Amplitude after 31.2 ms
0x77, // 6. SG Amplitude after 39.0 ms
0x7F, // 7. SG Amplitude after 46.8 ms
0x7F, // 8. SG Amplitude after 54.6 ms
0x7F, // 9. SG Amplitude after 62.4 ms
0x7F, // 10. SG Amplitude after 70.2 ms
0x7F, // 11. SG Amplitude after 78.0 ms
0x7F, // 12. SG Amplitude after 85.8 ms
0x7F, // 13. SG Amplitude after 93.6 ms
0x7F, // 14. SG Amplitude after 101.4 ms
0x7F, // 15. SG Amplitude after 109.2 ms
0x7F, // 16. SG Amplitude after 117.0 ms
0x7F, // 17. SG Amplitude after 124.8 ms
0x7F, // 18. SG Amplitude after 132.6 ms
0x7F, // 19. SG Amplitude after 140.4 ms
0x7F, // 20. SG Amplitude after 148.2 ms
0x7F, // 21. SG Amplitude after 156.0 ms
0x7F, // 22. SG Amplitude after 163.8 ms
0x7F, // 23. SG Amplitude after 171.6 ms
0x7F, // 24. SG Amplitude after 179.4 ms
0x7F, // 25. SG Amplitude after 187.2 ms
0x7F, // 26. SG Amplitude after 195.0 ms
0x7F, // 27. SG Amplitude after 202.8 ms
0x7F, // 28. SG Amplitude after 210.6 ms
0x7F, // 29. SG Amplitude after 218.4 ms
0x7F, // 30. SG Amplitude after 226.2 ms
0x7F, // 31. SG Amplitude after 234.0 ms
0x7F, // 32. SG Amplitude after 241.8 ms
0x7F, // 33. SG Amplitude after 249.6 ms
0x7F, // 34. SG Amplitude after 257.4 ms
0x7F, // 35. SG Amplitude after 265.2 ms
0x7F, // 36. SG Amplitude after 273.0 ms
0x7F, // 37. SG Amplitude after 280.8 ms
0x7F, // 38. SG Amplitude after 288.6 ms
0x77, // 39. SG Amplitude after 296.4 ms
0x73, // 40. SG Amplitude after 304.2 ms
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0x6E, // 41. SG Amplitude after 312.0 ms
0x6A, // 42. SG Amplitude after 319.8 ms
0x66, // 43. SG Amplitude after 327.6 ms
0x62, // 44. SG Amplitude after 335.4 ms
0x5D, // 45. SG Amplitude after 343.2 ms
0x59, // 46. SG Amplitude after 351.0 ms
0x55, // 47. SG Amplitude after 358.8 ms
0x52, // 48. SG Amplitude after 366.6 ms
0x50, // 49. SG Amplitude after 374.4 ms
0x4C, // 50. SG Amplitude after 382.2 ms
0x4A, // 51. SG Amplitude after 390.0 ms
0x47, // 52. SG Amplitude after 397.8 ms
0x44, // 53. SG Amplitude after 405.6 ms
0x42, // 54. SG Amplitude after 413.4 ms
0x3F, // 55. SG Amplitude after 421.2 ms
0x3B, // 56. SG Amplitude after 429.0 ms
0x39, // 57. SG Amplitude after 436.8 ms
0x37, // 58. SG Amplitude after 444.6 ms
0x35, // 59. SG Amplitude after 452.4 ms
0x33, // 60. SG Amplitude after 460.2 ms
0x31, // 61. SG Amplitude after 468.0 ms
0x2F, // 62. SG Amplitude after 475.8 ms
0x2D, // 63. SG Amplitude after 483.6 ms
0x2A, // 64. SG Amplitude after 491.4 ms
0x29, // 65. SG Amplitude after 499.2 ms
0x27, // 66. SG Amplitude after 507.0 ms
0x26, // 67. SG Amplitude after 514.8 ms
0x24, // 68. SG Amplitude after 522.6 ms
0x22, // 69. SG Amplitude after 530.4 ms
0x21, // 70. SG Amplitude after 538.2 ms
0x20, // 71. SG Amplitude after 546.0 ms
0x1F, // 72. SG Amplitude after 553.8 ms
0x1E, // 73. SG Amplitude after 561.6 ms
0x1D, // 74. SG Amplitude after 569.4 ms
0x19, // 75. SG Amplitude after 577.2 ms
0x18, // 76. SG Amplitude after 585.0 ms
0x17, // 77. SG Amplitude after 592.8 ms
0x16, // 78. SG Amplitude after 600.6 ms
0x15, // 79. SG Amplitude after 608.4 ms
0x14, // 80. SG Amplitude after 616.2 ms
0x13, // 81. SG Amplitude after 624.0 ms
0x12, // 82. SG Amplitude after 631.8 ms
0x11, // 83. SG Amplitude after 639.6 ms
0x10, // 84. SG Amplitude after 647.4 ms
0xF, // 85. SG Amplitude after 655.2 ms
0xE, // 86. SG Amplitude after 663.0 ms
0xE, // 87. SG Amplitude after 670.8 ms
0xD, // 88. SG Amplitude after 678.6 ms
0xC, // 89. SG Amplitude after 686.4 ms
0xB, // 90. SG Amplitude after 694.2 ms
0xA, // 91. SG Amplitude after 702.0 ms
0x9, // 92. SG Amplitude after 709.8 ms
0x9, // 93. SG Amplitude after 717.6 ms
0x8, // 94. SG Amplitude after 725.4 ms
0x8, // 95. SG Amplitude after 733.2 ms
0x7, // 96. SG Amplitude after 741.0 ms
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0x7, // 97. SG Amplitude after 748.8 ms
0x6, // 98. SG Amplitude after 756.6 ms
0x6, // 99. SG Amplitude after 764.4 ms
0x5, // 100. SG Amplitude after 772.2 ms
0x5, // 101. SG Amplitude after 780.0 ms
0x4, // 102. SG Amplitude after 787.8 ms
0x4, // 103. SG Amplitude after 795.6 ms
0x3, // 104. SG Amplitude after 803.4 ms
0x3, // 105. SG Amplitude after 811.2 ms
0x2, // 106. SG Amplitude after 819.0 ms
0x2, // 107. SG Amplitude after 826.8 ms
0x1, // 108. SG Amplitude after 834.6 ms
0x1, // 109. SG Amplitude after 842.4 ms
0x0, // 110. SG Amplitude after 850.2 ms
0x0, // 111. SG Amplitude after 858.0 ms
0x0, // 112. SG Amplitude after 865.8 ms
0x0, // 113. SG Amplitude after 873.6 ms
0x0, // 114. SG Amplitude after 881.4 ms
0x0, // 115. SG Amplitude after 889.2 ms
0x0, // 116. SG Amplitude after 897.0 ms
0x0, // 117. SG Amplitude after 904.8 ms
0x0, // 118. SG Amplitude after 912.6 ms
0x0, // 119. SG Amplitude after 920.4 ms
0x0, // 120. SG Amplitude after 928.2 ms
0x0, // 121. SG Amplitude after 936.0 ms
0x0, // 122. SG Amplitude after 943.8 ms
0x0, // 123. SG Amplitude after 951.6 ms
0x0, // 124. SG Amplitude after 959.4 ms
0x0, // 125. SG Amplitude after 967.2 ms
0x0, // 126. SG Amplitude after 975.0 ms
0x0, // 127. SG Amplitude after 982.8 ms
0x0 // 128. SG Amplitude after 990.6 ms

};



25

78K0 Family Sound Generator

2.1.5 Function Called to Produce a Frequency Variation

//
*******************************************************************
//************************ NEC Electronics ************************
//
*******************************************************************
//
// Name : ALARM_FREQ
//
// Date : 20/05/98 (d/m/y).
//
// Description : Function to test the sound generator of the
//           µPD78K0948. To use only the amplitude setting.
//
// Inputs : None.
// Outputs : None.
// Functions needed : necsound_Freq.h      Amplitude table
// in78094x.C      Interrupt definition

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

// ***** Includes :

# pragma language  = extended

# include <c:\iar\inc\io78094X.H>

# include <c:\iar\inc\in78000.H>

# include “losound.h” // to produce the frequency variation

// ***** Code :

//—— Global declaration :
unsigned char gongstatus = 0;
extern void NoFunction(void) ;

//—— Prototypes :
void gongISR (void) ;

void gong (unsigned char soundselection)

{
extern void (*pISR_TM50) ();      // Pointer to ISR of Timer 50

// Init sound generator :
SGCR = SGCR | 0x08 ;  // Selects by SGOB bit SGO and PCL outputs

// You can choose the frequency value by the port P14.1
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if (soundselection)
{
SGCR = (SGCR & 0xF8) | 0x04 ; //SGCL2 = 1, SGCL1=SGCL0=0
                              // min freq = 0,512 KHz
                              // max freq = 0,963 Khz

//SGBR = 0x09 ;                 // SGBR = 9
                              // => Fsg=600Hz
}

else
{
  SGCR = (SGCR & 0xF8) | 0x02 ;
//  SGBR = 0x0E ;  // => Fx=1000Hz
}
SGAM = 0x00 ;  // Set Amplitude to 0.

PM3.4 = 0 ;    // Set SGO pin to output mode.

gongstatus = 1 ; // set gongstatus = ON ;

SGCR = SGCR | 0x80 ; // TCE = 1, Sound generator operation enable.

//—— Init. gong interrupt :
TCL50 = 0x07 ;           // Timer freq = Fx/512 = 15,625 KHz
TMC50 = TMC50 & 0xBF ;   // To be sure to have TMC50.7 = 0
                         // To clear and start on match with
CR50

CR50 = 0x7A ;            // Interrupt on 15,625KHz/122 => all
7,8ms

pISR_TM50 = gongISR ;

_EI() ;               // Enabled interrupt

MK1L.6 = 0 ;           // Enable Timer 50 interrupt
PR1L.6 = 0 ;

TMC50 = TMC50 | 0x80 ;// Enable Timer 50

}
//************************* End Gong
*****************************************

//
********************************************************************
// Function:    GongISR
// Parameter:   None
// Description: Transfers sound generator amplitude values from a
// look-up table to the respective SG SFR.
// In a second time this function disable interrupts.
//******************************************************************
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void gongISR (void)
{
static unsigned char gongcounter = 0;

if (gongstatus)                           // Gong enabled?
  {
  SGAM = 0x63 ;                  //Nec sound_3[gongcounter++];
                                 // Set new SG Amplitude
  SGBR = NEC_Sound_freq[gongcounter++]  ;

  if (gongcounter>127)                // Gong done?
    {
    gongcounter = 0;                  // Reset Gong Counter
    gongstatus  = 0;                  // Disable Gong
    SGCR = SGCR & 0x0f ;             // Disable Sound Generator
    MK1L = MK1L | 0x40 ;             // Disable Gong Interrupt
    TMC50 = TMC50 & 0x7F ;      // Disable Gong Interrupt Source
    pISR_TM50 = NoFunction ;  // Assign NoFunction as ISR of TM50
    }
  }

}//********************** End GongISR *****************************
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2.1.6 Table to Produce a Quick Frequency Variation

//
*******************************************************************
//***************** NEC Electronics France ***********************
//
********************************************************************
//
// Date : 29/05/98 (d/m/y).
//
//
// Description : All the 7,8 ms a new value will be store in
   SGBR.
//
//
********************************************************************
const unsigned char NEC_Sound_freq[128] =
{

0x00, // 1. Output frequency after 0.0 ms
0x00, // 2. Output frequency after 7.8 ms
0x00, // 3. Output frequency after 15.6 ms
0x00, // 4. Output frequency after 23.4 ms
0x01, // 5. Output frequency after 31.2 ms
0x01, // 6. Output frequency after 39.0 ms
0x01, // 7. Output frequency after 46.8 ms
0x01, // 8. Output frequency after 54.6 ms
0x02, // 9. Output frequency after 62.4 ms
0x02, // 10. Output frequency after 70.2 ms
0x02, // 11. Output frequency after 78.0 ms
0x02, // 12. Output frequency after 85.8 ms
0x03, // 13. Output frequency after 93.6 ms
0x03, // 14. Output frequency after 101.4 ms
0x03, // 15. Output frequency after 109.2 ms
0x03, // 16. Output frequency after 117.0 ms
0x04, // 17. Output frequency after 124.8 ms
0x04, // 18. Output frequency after 132.6 ms
0x04, // 19. Output frequency after 140.4 ms
0x04, // 20. Output frequency after 148.2 ms
0x05, // 21. Output frequency after 156.0 ms
0x05, // 22. Output frequency after 163.8 ms
0x05, // 23. Output frequency after 171.6 ms
0x05, // 24. Output frequency after 179.4 ms
0x06, // 25. Output frequency after 187.2 ms
0x06, // 26. Output frequency after 195.0 ms
0x06, // 27. Output frequency after 202.8 ms
0x06, // 28. Output frequency after 210.6 ms
0x07, // 29. Output frequency after 218.4 ms
0x07, // 30. Output frequency after 226.2 ms
0x07, // 31. Output frequency after 234.0 ms
0x07, // 32. Output frequency after 241.8 ms
0x08, // 33. Output frequency after 249.6 ms
0x08, // 34. Output frequency after 257.4 ms
0x08, // 35. Output frequency after 265.2 ms
0x08, // 36. Output frequency after 273.0 ms
0x09, // 37. Output frequency after 280.8 ms
0x09, // 38. Output frequency after 288.6 ms
0x09, // 39. Output frequency after 296.4 ms
0x09, // 40. Output frequency after 304.2 ms
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0x0A, // 41. Output frequency after 312.0 ms
0x0A, // 42. Output frequency after 319.8 ms
0x0A, // 43. Output frequency after 327.6 ms
0x0A, // 44. Output frequency after 335.4 ms
0x0B, // 45. Output frequency after 343.2 ms
0x0B, // 46. Output frequency after 351.0 ms
0x0B, // 47. Output frequency after 358.8 ms
0x0B, // 48. Output frequency after 366.6 ms
0x0C, // 49. Output frequency after 374.4 ms
0x0C, // 50. Output frequency after 382.2 ms
0x0C, // 51. Output frequency after 390.0 ms
0x0C, // 52. Output frequency after 397.8 ms
0x0D, // 53. Output frequency after 405.6 ms
0x0D, // 54. Output frequency after 413.4 ms
0x0D, // 55. Output frequency after 421.2 ms
0x0D, // 56. Output frequency after 429.0 ms
0x0E, // 57. Output frequency after 436.8 ms
0x0E, // 58. Output frequency after 444.6 ms
0x0E, // 59. Output frequency after 452.4 ms
0x0E, // 60. Output frequency after 460.2 ms
0x0F, // 61. Output frequency after 468.0 ms
0x0F, // 62. Output frequency after 475.8 ms
0x0F, // 63. Output frequency after 483.6 ms
0x0F, // 64. Output frequency after 491.4 ms
0x0F, // 65. Output frequency after 499.2 ms
0x0F, // 66. Output frequency after 507.0 ms
0x0F, // 67. Output frequency after 514.8 ms
0x0F, // 68. Output frequency after 522.6 ms
0x0E, // 69. Output frequency after 530.4 ms
0x0E, // 70. Output frequency after 538.2 ms
0x0E, // 71. Output frequency after 546.0 ms
0x0E, // 72. Output frequency after 553.8 ms
0x0D, // 73. Output frequency after 561.6 ms
0x0D, // 74. Output frequency after 569.4 ms
0x0D, // 75. Output frequency after 577.2 ms
0x0D, // 76. Output frequency after 585.0 ms
0x0C, // 77. Output frequency after 592.8 ms
0x0C, // 78. Output frequency after 600.6 ms
0x0C, // 79. Output frequency after 608.4 ms
0x0C, // 80. Output frequency after 616.2 ms
0x0B, // 81. Output frequency after 624.0 ms
0x0B, // 82. Output frequency after 631.8 ms
0x0B, // 83. Output frequency after 639.6 ms
0x0B, // 84. Output frequency after 647.4 ms
0x0A, // 85. Output frequency after 655.2 ms
0x0A, // 86. Output frequency after 663.0 ms
0x0A, // 87. Output frequency after 670.8 ms
0x0A, // 88. Output frequency after 678.6 ms
0x09, // 89. Output frequency after 686.4 ms
0x09, // 90. Output frequency after 694.2 ms
0x09, // 91. Output frequency after 702.0 ms
0x09, // 92. Output frequency after 709.8 ms
0x08, // 93. Output frequency after 717.6 ms
0x08, // 94. Output frequency after 725.4 ms
0x08, // 95. Output frequency after 733.2 ms
0x08, // 96. Output frequency after 741.0 ms
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0x07, // 97. Output frequency after 748.8 ms
0x07, // 98. Output frequency after 756.6 ms
0x07, // 99. Output frequency after 764.4 ms
0x07, // 100. Output frequency after 772.2 ms
0x06, // 101. Output frequency after 780.0 ms
0x06, // 102. Output frequency after 787.8 ms
0x06, // 103. Output frequency after 795.6 ms
0x06, // 104. Output frequency after 803.4 ms
0x05, // 105. Output frequency after 811.2 ms
0x05, // 106. Output frequency after 819.0 ms
0x05, // 107. Output frequency after 826.8 ms
0x05, // 108. Output frequency after 834.6 ms
0x04, // 109. Output frequency after 842.4 ms
0x04, // 110. Output frequency after 850.2 ms
0x04, // 111. Output frequency after 858.0 ms
0x04, // 112. Output frequency after 865.8 ms
0x03, // 113. Output frequency after 873.6 ms
0x03, // 114. Output frequency after 881.4 ms
0x03, // 115. Output frequency after 889.2 ms
0x03, // 116. Output frequency after 897.0 ms
0x02, // 117. Output frequency after 912.6 ms
0x02, // 119. Output frequency after 920.4 ms
0x02, // 120. Output frequency after 928.2 ms
0x01, // 121. Output frequency after 936.0 ms
0x01, // 122. Output frequency after 943.8 ms
0x01, // 123. Output frequency after 951.6 ms
0x01, // 124. Output frequency after 959.4 ms
0x0, // 125. Output frequency after 967.2 ms
0x0, // 126. Output frequency after 975.0 ms
0x0 // 127. Output frequency after 990.6 ms

};
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2.1.7 Interrupt Vector Pointers

//********************************************************************
//*************************** NEC Electronic  ************************
//********************************************************************
//
//  Application     :   General Purpose
//
//  Module          :   in78094x.c
//  Device          :   uPD78094X
//
//  Description     :   Within this module all interrupt vectors are
//                      assign to dedicated ISRs.
//                      These ISRs contain function calls using
//                      pointers to functions.
//                      This enables the use of different ISRs
//                      within one interrupt vector, without
//                      reprogrammming the device.
//
//                      Furthermore a function called “NoFunction”
//                      is defined.
//
//  Used on Chip        :   All Interrupt Vectors of uPD78(F)094x
//
//
************************************************************************

//————————————— Include Files ————————————————-
# pragma language  = extended

# include <c:\iar\inc\io78094X.H>

# include <c:\iar\inc\in78000.H>
//————————————— Function Prototyps ——————————————
void NoFunction (void);

//————————————— Global Definitions ——————————————-
//— Pointer to ISRs —-
void (*pISR_WDT) () = NoFunction;
void (*pISR_AD) () = NoFunction;
void (*pISR_OVF) () = NoFunction;
void (*pISR_TM20) () = NoFunction;
void (*pISR_TM21) () = NoFunction;
void (*pISR_TM22) () = NoFunction;
void (*pISR_P0) () = NoFunction;
void (*pISR_P1) () = NoFunction;
void (*pISR_P2) () = NoFunction;
void (*pISR_P3) () = NoFunction;
void (*pISR_P4) () = NoFunction;
void (*pISR_CE) () = NoFunction;
void (*pISR_CR) () = NoFunction;
void (*pISR_CT0) () = NoFunction;
void (*pISR_CT1) () = NoFunction;
void (*pISR_CSI0) () = NoFunction;
void (*pISR_CSI1) () = NoFunction;
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void (*pISR_SER) () = NoFunction;
void (*pISR_SR) () = NoFunction;
void (*pISR_ST) () = NoFunction;
void (*pISR_TM00) () = NoFunction;
void (*pISR_TM01) () = NoFunction;
void (*pISR_TM50) () = NoFunction;
void (*pISR_TM51) () = NoFunction;
void (*pISR_WE) () = NoFunction;
void (*pISR_WTI) () = NoFunction;
void (*pISR_WT) () = NoFunction;
void (*pISR_BRK) () = NoFunction;

//————————————  Interrupts Definitions —————————————
interrupt [INTWDT_vect] void ISRWDT(void)       {(*pISR_WDT) ();}
interrupt [INTAD_vect] void ISRAD(void)         {(*pISR_AD) ();}
interrupt [INTOVF_vect] void ISROVF(void)       {(*pISR_OVF) ();}
interrupt [INTTM20_vect] void ISRTM20(void)     {(*pISR_TM20) ();}
interrupt [INTTM21_vect] void ISRTM21(void)     {(*pISR_TM21) ();}
interrupt [INTTM22_vect] void ISRTM22(void)     {(*pISR_TM22) ();}
interrupt [INTP0_vect] void ISRP0(void)         {(*pISR_P0) ();}
interrupt [INTP1_vect] void ISRP1(void)         {(*pISR_P1) ();}
interrupt [INTP2_vect] void ISRP2(void)         {(*pISR_P2) ();}
interrupt [INTP3_vect] void ISRP3(void)         {(*pISR_P3) ();}
interrupt [INTP4_vect] void ISRP4(void)         {(*pISR_P4) ();}
interrupt [INTCE_vect] void ISRCE(void)         {(*pISR_CE) ();}
interrupt [INTCR_vect] void ISRCR(void)         {(*pISR_CR) ();}
interrupt [INTCT0_vect] void ISRCT0(void)       {(*pISR_CT0) ();}
interrupt [INTCT1_vect] void ISRCT1(void)       {(*pISR_CT1) ();}
interrupt [INTCSI0_vect] void ISRCSI0(void)     {(*pISR_CSI0) ();}
interrupt [INTCSI1_vect] void ISRCSI1(void)     {(*pISR_CSI1) ();}
interrupt [INTSER_vect] void ISRSER(void)       {(*pISR_SER) ();}
interrupt [INTSR_vect] void ISRSR(void)         {(*pISR_SR) ();}
interrupt [INTST_vect] void ISRST(void)         {(*pISR_ST) ();}
interrupt [INTTM00_vect] void ISRTM00(void)     {(*pISR_TM00) ();}
interrupt [INTTM01_vect] void ISRTM01(void)     {(*pISR_TM01) ();}
interrupt [INTTM50_vect] void ISRTM50(void)     {(*pISR_TM50) ();}
interrupt [INTTM51_vect] void ISRTM51(void)     {(*pISR_TM51) ();}
interrupt [INTWE_vect] void ISRWE(void)         {(*pISR_WE) ();}
interrupt [INTWTI_vect] void ISRWTI(void)       {(*pISR_WTI) ();}
interrupt [INTWT_vect] void ISRWT(void)         {(*pISR_WT) ();}
interrupt [BRK_I_vect] void ISRBRK(void)        {(*pISR_BRK) ();}

//
*************************************************************************
// Function:    NoFunction
// Parameter:   None
// Description: Dummy Function -> No Operation
//
*************************************************************************
void NoFunction (void)
{
_NOP();
}//*************************** End NoFunction ***************************
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2.2 Program to Execute "Au Clair de la Lune"

//
********************************************************************
//******************************* NEC Electronics******************
//
*******************************************************************
//
// Name : SERENADE
//
// Date : 20/05/98 (d/m/y).
// Update : 29/05/98.
//
// Description : Demonstration of the sound generator of the
// µPD78K0948 - How to set frequency of the output signal.
//
// Inputs : None.
// Outputs : None.
// Functions needed : None
//
//*****************************************************************

// ***** Includes :

# pragma language  = extended

# include <c:\iar\inc\io78094X.H>

# include <c:\iar\inc\in78000.H>

// ***** Code :

void main (void)
{

int i,k ;
int j = 0;

// —— Init. CPU ——-

// Main clock = fx and main clock enable :
PCC = 0x00 ;
// fx = 8 Mhz :
BRPRS = 0x00 ;
// Set CPU to internal memory :
MEM = 0 ;
// Set memory size for D78F0948 :
IMS = 0xCF ;

// —— Init. Amplitude register ——-
// Buzzer output amplitude :
// This demonstration will not play with the sound amplitude.
// Setting of SGAM to have an amplitude of 100 about a maximum of
// 128.
SGAM = 0x63 ;

// —— Init. port ——-
// Set SGO pin to output mode :
PM3.4 = 0 ;
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// —— Start of the sound demonstration ——-

// Loop to repeat the first sound three times :
while ( j < 12 )
{
  i = 0 ;

   if ( (j < 3) || (j==7) || (j==11) )
   {
   // * 1st Sound *
   // —— Init. frequency ——-
   // Maxi and mini value of frequency buzzer output:
   // Settings of SGCL0, SGCL1 and SGCL2
   // Max freq = 0,460 Hz
   // Min freq = 0,244 Hz, with fx = 8 Mhz.
     SGCR.0 = 0 ;
     SGCR.1 = 1 ;
     SGCR.2 = 1 ;

   // Buzzer output frequency Fsg = 0.244 Khz :
   // Fsg = [2e(SGCL0-SGCL1-2*SGCL2-7)]*[Fx/(SGBR+17)]
     SGBR = 0x0F ;

   // TCE = 1 to start the sound generator operation :
     SGCR.7 = 1 ;

     while (i<30000) i++ ;
   // TCE = 0 to stop the sound generator :
     SGCR.7 = 0 ;

   // Wait loop
     i = 0 ;

     while (i<20000) i++ ;
   }

   if ( (j==4) || (j==6) || (j==9) || (j==10) )
   {
     //  * 2nd Sound *
     i=0 ;

     // Max freq = 3,677 Khz
     // Min freq = 1,953 Khz
     SGCR.0 = 0 ;
     SGCR.1 = 1 ;
     SGCR.2 = 1 ;

     // Output frequency = 2,604 KHz :
     SGBR = 0x0B ;

     // Start
     SGCR.7 = 1 ;

     i = 0 ;
     while (i<30000) i++ ;
     // Stop
     SGCR.7 = 0 ;
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    // Wait
    i = 0 ;
    while (i<20000) i++ ;

   }

   if ( (j==5) || (j==8) )
   {
   // * 3rd Sound *
    // Max freq = 7,354 Khz
    // Min freq = 3,906 Khz
     SGCR.0 = 0 ;
     SGCR.1 = 1 ;
     SGCR.2 = 1 ;

    // Output frequency = 5 Khz
      SGBR = 0x08 ;

      SGCR.7 = 1 ;

      i = 0 ;
      while (i<30000) i++;
      SGCR.7 = 0 ;

    // Wait loop
     i = 0 ;
     while (i<20000)  i++;
   }

  j++ ;
  }
}
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[Memo]
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Chapter 3   Hardware

Figure 3-1: Security Circuit by Filtering

We can remark that the output sound is a PWM. So we need to eliminate the very high and the
very low frequencies to reproduce a wave and to protect the speaker.
The following picture shows how to built a security circuit by filtering.

µController

R = 22 Ω

SGO

C1 = 100 nF

C2 = 22 µF

+ +

GND
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[Memo]
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