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ABSTRACT 
 

Atmospheric dielectric barrier discharges (DBD) were generated by applying an 

electric field to a reactor. An electric field can be generated by various voltage sources such as  

ac-voltage, dc-voltage, and pulse dc-voltage. For this research, an electric field was generated by 

using an ac-voltage of 6-14 kHz frequency with a maximum voltage of 35 kVp. The ac-voltage 

power supply used a full-bridge inverter by switching dc to ac-voltage. The signals ultimately 

drive a primary winding of a step-up high voltage, medium frequency transformer. The high 

voltage, medium frequency transformer was used to convert the low square wave ac-voltage to a 

high sin-wave ac-voltage. The transformer output is equally high to or slightly higher than the 

breakdown of the neutron gas, which can generate plasma. These high voltage signals were 

supplied to the parallel electrodes of the DBD plasma reactor to produce the plasma discharges. 

The plasma discharge power was controlled with various formations of the signal 

input, thus changing potential and frequency. Another way to control the plasma power can be 

done through a varied number of pulse signals that are applied to parallel electrodes in unit time, 

which is called pulse-density-modulation (PDM). The PDM technique creates an ac-voltage state 

and a zero state to control the average output voltage. In this research, a plasma discharge power 

of 1 to 33 watts was used, with variations of the voltage from 10 kVp to 15 kVp but it created 

unstable plasma at low powers. A power range of 20 to 42 watts can achieve steady state plasma 

discharge by adjusting frequencies from 6 kHz to 14 kHz at 15 kVp, but it has a short range of 

power control. However, PDM can be used to control a wider range of plasma discharge power 

and the plasma discharge power can be varied from 1 to 33 watts and by this still creating steady 

plasma.   
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1. เ ร่ิมตนโปรแกรมโดยพิจารณาการ
ทํางานควบคูกับภาพประกอบที่ 2.2 

2. สวิตซที่  1,3ปด  สวิตซที่  2,4เปดให
สถานะของสัญญาณเปน 1 

3. รับคา ความถี่ และคา PDMจากผูใช 

4. ใหผูใชตรวจสอบขอมูล  และยืนยัน
ขอมูลที่ไดปอนไปแลว 

5. คํานวณคาบ /2และนําคาดังกลาวไป
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Interrupt-1และ Interrupt-2 
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ตั้งคาIR_0=1และ IR_1=0เพื่อจัดลําดับ
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8. จบโปรแกรม 

ภาพประกอบที่ 3.6ผังงานของโปรแกรมหลักและคําอธิบายการทํางาน 
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4.1 MOSFET 
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4.1.2  

4.1  

  

 
 

  

(Vrms) 

50 

 (Vrms) 

 

(   ) 

40 36 10.33 0.71 25 

61 54 11.72 1.07 57 

81 71 12.11 1.42 101 

101 88 13.17 1.75 154 

122 108 11.48 2.16 233 

141 124 12.06 2.48 308 

161 140 13.04 2.80 392 

181 159 12.15 3.18 506 

201 175 12.94 3.50 612 

222 198 10.81 3.96 784 

242 211 12.81 4.22 890 

261 237 9.20 4.74 1,123 

282 255 9.57 5.10 1,300 

300 275 8.33 5.50 1,512 

 11±2   

4.1 

(Open Load) (Full Load) 

50 

5.50 

 275 

11 ± 2 % 

4.7  
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4.11 1 (Vout-1) 

2 (Vout-2) 

 

300  200   

RMS 

Ratio)  
 
 

 

 

 

 

(Ratio)  
4.3 

167 

51 

167-51 =116 2 

4.2  

  

(Vrms) 

 

Vout-1 (Vrms) Vout-2 (Vrms) 

      

40.72 31.11 2073.89 1267.28 6739.43 3480.52 

60.00 46.67 3091.12 1855.07 10166.25 5250.59 

80.89 59.15 4083.16 2303.33 13536.45 6557.16 

4.3  

 
  

(Vrms) 

 

( ) 

( ) 

(  ) 

 

Vout-1 Vout-2 

( )  Vout-1 Vout-2    

40.72 40.38 23.60 38.89 48.36 50.93 40.74 165.51 111.88 

60.00 91.90 22.22 39.99 48.35 51.52 39.75 169.44 112.50 

80.89 205.79 26.88 43.59 51.56 50.48 38.94 167.34 110.86 

 24.23 40.82 49.42 50.98 39.81 167.43 111.75 
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4.15 

9.44 10 12 14 16 18     
 

4.4  

 

 ( ) 

 

( )  

9.44 0.36 0.63 

10.00 1.10 1.92 

11.00 4.90 8.57 

12.00 9.56 16.72 

13.00 18.66 32.65 

14.00 24.26 42.44 

15.00 32.73 57.26 

16.00 42.77 74.83 

17.00 50.64 88.59 

18.00 57.16 100.00 
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V = 12 kV V = 14 kV 

V = 16 kV V = 18 kV 
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6 20.44 48.53 

7 25.16 59.73 

8 28.40 67.43 
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14 41.44 98.38 

 

 
4.21  

 

4.19 ( 1  5) 

(Filamentary Discharge) 4.19 ( 1  5) 

 Number of Pulses) 

 



84 

 

4.20 (   ) 4.5 

42.12  12  

100 % 

4.21

 

 

  



85 

 

4.2.3 
 

4.22 (   ) 

 20/20, 10/20 1/20  20/20 20 

20  10/20 10 

20  1/20 1 

20 

4.22 ( ) 

20/20 32.68 

4.22 ( )  10/20 11.05 33.81 

 4.22 ( ) 

 1/20 1.23 3.76 

4.23  (  20/20)

4.23 ( )

4.24 ( )  1  

4.23 ( , ) 

4.24 ( , )  

  



86 

 

 
 

 
 

 

4.22 

     20/20 10 20 1 20  
 

 

4.23 

 20 20 10 20 1 20  
 

 

 

 

 

 

 

PDM = 1/20 

PDM = 10/20 

PDM = 20/20 



87 

 

4.6  

 
 

 

 ( )  

20/20 32.68 100.00 

16/20 23.87 73.04 

12/20 16.34 50.00 

10/20 11.05 33.81 

8/20 9.96 30.48 

4/20 4.01 12.27 

1/20 1.23 3.76 
 

 

 

 

4.24 

   20/20 10/20 1/20  
 

 

 

 

PDM = 20/20 

PDM = 10/20 

PDM = 1/20 



88 

 

 
4.25  

 

4.25 

4.24 (   ) 

 20/20 

(Filamentary Discharge) 



 

89 

5 
 

 
 
5.1  

 
5.1.1 Power MOSFET 

Positive Duty Cycle 

MOSFET 
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#include <ADUc7024.H>   // ADUc7024 MPU Register 
#include <stdio.h> 
void IRQ_Handler (void) __irq;  // IRQ Service Routine 
int putchar(int ch) ; 
int getchar (void) ; 
float period,Tup,Tdown,PDM,N_Active; 
int IR0_STA,IR1_STA,count,SIG_STA,d; 
int main(void) 
{  
 float f,T,N_PDM,PDM,IR_0,IR_1,dead_time; 
 int i; 
 static  int temp[7]={0,0,0,0,0,0,0}; 
 
//Initial 
GP1CON &= 0xFFFFFFCC;  // Reset P1.1 & P1.0 Pin Function 
GP1CON |= 0x00000011;  // Setup P1.1 = TXD & P1.0 = RXD  
 
// Initial UART = 9600BPS 
COMCON0 = 0x80;   // Setting DLAB 
COMDIV0 = 0x88;   // Setting DIV0 and DIV1 to DL 
calculated 
COMDIV1 = 0x00; 
COMCON0 = 0x07;   // Clearing DLAB 
 
 // Config Port P4 = GPIO 
 GP4CON = 0x00000000;  // P4 = GPIO 
 
 // Config GPIO Data Output    
 GP4DAT = 0x1E000000;  // P4[1]-P4[4] = Output 
 GP4SET = 0x00140000;  // SET P4[2],P4[4] 
 GP4CLR = 0x000A0000;  // CLR P4[1],P4[3]  
 
//Enter data  
Do 
 { 
  printf("\nEnter Frequency in form xxxxxx (6 digit)\n"); 
  for(i=0;i<6;i++) 
  { 
   temp[i]=getchar(); 
  } 
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 f=(temp[5]+temp[4]*10)+(temp[3]*100)+(temp[2]*1000)+(temp[1]*10000)+(temp[0]*10
0000) ; 
 printf("\nEnter Pulse density in form x.xx (0.00 - 1.00) \n"); 
 for(i=0;i<4;i++) 
 {  
        temp[i]=getchar();  
 } 
 PDM=(temp[i-1]*0.01)+(temp[i-2]*0.1)+(temp[i-4]); 
 printf("\n\nFrequency = %.0f Hz\n",f); 
 printf("Pulse density(PDM) = %.3f\n",PDM); 
 printf("\nAll Parameter are CORRECT\n(enter : 1=Yes,0=No)"); 
 temp[0]=getchar(); 
 } 
 while(temp[0]==0); 
 N_PDM=40; 
 IR0_STA=0;   //Interrupt for number of positive 
 IR1_STA=1;   //Interrupt for PDM Control -for zero state 
 SIG_STA=1; 
 count=0; 
 d=0;    // Set loop of delay function for dead time  
 dead_time=0.000000; //Enter in sec unit 
 T=1/f; 
 IR_0=(T/2)-(dead_time*2)  ; 
 IR_1=(N_PDM/2)*T; 
 printf("\nT= %f \ntime : IR_0 = %f   IR_1 = %f\n",T,IR_0,IR_1); 
 N_Active=(PDM)*N_PDM; 
 IR_0=IR_0/0.0000000239348; //Convert to number of loop interrupt 
 if(PDM!=1.00) 
     IR_1=IR_1/0.0000000239348; //Convert to number of loop interrupt 
 printf("Loop of : IR_0 = %f   IR_1 = %F\nNumber of positive  
  SIG = %f",IR_0,IR_1,N_Active); 
 
  // Config Port P4 = GPIO 
   GP4CON = 0x00000000; // P4 = GPIO 
   IRQEN |= 0x0000000C;  // Enable Timer1 AND Timer0 Trigger IRQ  
 
   // HCLK = 41.78 MHz 
   // Time 1 Cycle = 1 / 41.78 MHz 
   //                         = 23.9348 nS 
   T0CON &= 0xFFFFFFF0; // Prescale = HCLK / 1 
   T0CON &= 0xFFFFFFCF; // Format = Binary Counter 
   T0CON |= 0x00000040; // Timer1 Mode = Periodic  
   T0CON &= 0xFFFFFEFF; // Timer0 = Count Down 
   T0CON &= 0xFFFFF1FF; // Timer0 Clock Source = HCLK 
   T0CON |= 0x00000080; // Timer0 Enable  
  T0LD=IR_0; 
   T1CON &= 0xFFFFFFF0; // Prescale = HCLK / 1 
   T1CON &= 0xFFFFFFCF; // Format = Binary Counter 
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   T1CON |= 0x00000040; // Timer1 Mode = Periodic  
   T1CON &= 0xFFFFFEFF; // Timer1 = Count Down 
   T1CON &= 0xFFFFF1FF; // Timer1 Clock Source = HCLK 
   T1CON |= 0x00000080; // Timer1 Enable  
   T1LD=IR_1; 
   while(1);   // Loop Continue 
 
   // Wait Timer1 Interrupt // 
} 
 
/******************************/                                                                  
/* Interrupt Service Rountine */                                                    
/******************************/ 
void IRQ_Handler (void) __irq  // IRQ Service Routine 
{   
   if (((IRQSTA & 0x00000004) != 0)&&(IR0_STA == 1)) // if Timer0 IRQ Flag Status 
   { 
  if(PDM!=1.00) 
  {  
   count=count+1; 
  } 
  if (count >= N_Active) 
  { 
   GP4CLR = 0x000A0000; 
   GP4SET = 0x00140000; 
   IR1_STA=1; 
   IR0_STA=0; 
   count=0; 
   T1CLRI &= 0xFFFFFFFF; //Clear Interrupt 1 
   SIG_STA=1;  
  } 
  else 
  { 
   if (SIG_STA == 1) 
   { 
    GP4CLR = 0x00120000; // CLR P4[1] p4[4] 
    GP4SET = 0x000C0000; // SET P4[2] P4[3] 
    SIG_STA=2; 
    T0CLRI &= 0xFFFFFFFF; 
   } 
   else 
   { 
    GP4CLR = 0x000C0000; // CLR P4[2] P4[3] 
    GP4SET = 0x00120000; // SET P4[1] P4[4] 
    SIG_STA=1; 
    T0CLRI &= 0xFFFFFFFF; 
   }     // Clear Timer0 Trigger IRQ Flag 
    } 
 } 
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   if( ((IRQSTA & 0x00000008) != 0) &&(IR1_STA == 1)) // if Timer1 IRQ Flag Status 
   { 
  GP4CLR = 0x00040000; // CLR P4[2] 
    GP4SET = 0x00020000; // SET P4[1] 
    IR1_STA=0; 
    IR0_STA=1; 
    T0CLRI &= 0xFFFFF1FF; // Clear Timer0 Trigger IRQ Flag 
   }  
    return ; 
} 
 
/***************************/ 
/* Write Character To UART */ 
/***************************/ 
int putchar(int ch)    // Write character to Serial Port  
{                    
  if (ch == '\n')   
  { 
     while(!(0x40==(COMSTA0 & 0x40))) // Wait TX Complete 
 { 
 } 
 COMTX = 0x0D;  // Write CR 
  } 
  while(!(0x40==(COMSTA0 & 0x40))) // Wait TX Complete 
  { 
  } 
  return (COMTX = ch); 
} 
 
/****************************/ 
/* Read Character From UART */ 
/****************************/ 
int getchar (void)    // Read character from Serial Port  
{       
  int out,in;                 
  while(!(0x01==(COMSTA0 & 0x01))) // Wait Receive Data Ready 
  { 
  } 
  in=COMRX; 
  switch(in) 
 { 
 case 46 : out=99; break; 
 case 48 : out=0; break; 
 case 49 : out=1; break; 
 case 50 : out=2; break; 
 case 51 : out=3; break; 
 case 52 : out=4; break; 
 case 53 : out=5; break; 
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 case 54 : out=6; break; 
 case 55 : out=7; break; 
 case 56 : out=8; break; 
 case 57 : out=9; break; 
 default :printf("RESET MCU and Enter only 0-9 OR '.'\n");  
 } 
  return (out); 
} 
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#include <stdio.h> 
#include <math.h> 
main() 
{ 
 FILE  *fp,*f_out; 
 float time[ ,voltage[ ,current[ { }; 
 float   out[ { },max_current,temp; 
 int i= ,j= ,group= ,pulse= ; 
 clrscr(); 
 printf("\n\nCoppy file 'data.txt' in same directory with this programe.\n"); 
 printf("File 'data.txt' consist of  column and current signal is in third 
column.\n\n\n"); 
 if((fp=fopen("data.txt","rt"))==NULL) 
  { 
  printf("Cannot open file!!\n"); 
  goto loop ; 
  } 
 if((f_out=fopen("output.txt","w"))==NULL) 
  { 
  printf("Cannot open output file!!"); 
  goto loop ; 
  } 
 
 fprintf(f_out,"Current Count\n"); 
 printf("Enter a maximun current\n"); 
 scanf("%f",&max_current); 
 printf("Enter a groups of current (max= \n"); 
 scanf("%d",&group); 
 printf("Enter a Pulse of signal.\n"); 
 scanf("%d",&pulse); 
 temp=max_current/group; 
 group=group+ ; 
 for(i= ;i<group;i++) 
  { 
  out[i][ temp*i; 
  } 
 i= ; 
 while(fscanf(fp,"%f%f%f",&time[ ,&voltage[ ,&current[ EOF) 
  { 
  current[ sqrt(current[ current[ ; 
  i=i+ ; 
  if(i>  



101 

 

   { 
   if(current[ >current[ &&current[ >current[  
    { 
    j= ; 
    for(j= ;j<group;j++) 
     { 
     if(current[ <=out[j+  
      { 
      out[j][ ; 
      break; 
      } 
     } 
    } 
   } 
 
  time[ time[ ; 
  time[ time[ ; 
  voltage[ voltage[ ; 
  voltage[ voltage[ ; 
  current[ current[ ; 
  current[ current[ ; 
  i++; 
  } 
 for(j= ;j<group;j++) 
  { 
  fprintf(f_out,"%f %f\n",out[j][ ,out[j][ pulse); 
  } 
 fclose(fp); 
 fclose(f_out); 
loop  printf("********** FINISHED *********\n\n"); 
 printf("*************************\n"); 
 printf("*************************"); 
 printf("\nThis programe created by\n\n\n     Arlee && Wanita\n\n"); 
 printf("\n*************************\n"); 
 printf("*************************\n"); 
 scanf("%f",&temp); 
 return( ; 
} 
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