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Dielectric Barrier Discharge

Author Mr. Arlee Tamman
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Academic Year 2011
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 kV . 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 kV  to 15 kV  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 kV , 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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#include <ADUc7024.H> // ADUc7024 MPU Register
#include <stdio.h>
void IRQ_Handler (void) __irg; // IRQ Service Routine

int putchar(int ch) ;

int getchar (void) ;

float period,Tup,Tdown,PDM,N_Active;
int IRO_STA,IR1_STA,count,SIG_STA,d;
int main(void)

95

{
float f,T,N_PDM,PDM,IR_O,IR_1,dead_time;
inti;
static int temp[7]={0,0,0,0,0,0,0};
//Initial
GP1CON &= OxFFFFFFCC; // Reset P1.1 & P1.0 Pin Function
GP1CON |= 0x00000011; // Setup P1.1 =TXD & P1.0 = RXD

// Initial UART = 9600BPS

COMCONO = 0x80; // Setting DLAB

COMDIVO = 0x88; // Setting DIVO and DIV1 to DL
calculated

COMDIV1 = 0x00;

COMCONO = 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 PA[1],P4[3]

//Enter data
Do

{

printf("\nEnter Frequency in form xxxxxx (6 digit)\n");
for(i=0;i<6;i++)
{
templ[il=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++)
{
templi]=getchar();
}
PDM=(templ[i-1]*0.01)+(temp[i-2]*0.1)+(templ[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;
IRO_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 TimerO Trigger IRQ

// HCLK = 41.78 MHz
// Time 1 Cycle=1/41.78 MHz

// = 23.9348 nS

TOCON &= OxFFFFFFFO; // Prescale = HCLK / 1

TOCON &= OxFFFFFFCF; // Format = Binary Counter
TOCON |=0x00000040; // Timerl Mode = Periodic
TOCON &= OxFFFFFEFF; // Timer0 = Count Down
TOCON &= OxFFFFF1FF; // TimerO Clock Source = HCLK
TOCON |=0x00000080; // TimerO Enable

TOLD=IR_0;

T1CON &= OxFFFFFFFO; // Prescale = HCLK / 1

T1CON &= OxFFFFFFCF; // Format = Binary Counter



T1CON |= 0x00000040; // Timerl Mode = Periodic

T1CON &= OxFFFFFEFF; // Timerl = Count Down
T1CON &= OXFFFFF1FF; // Timer1l Clock Source = HCLK
T1CON |= 0x00000080; // Timerl 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 = 0x0O00A0000;
GPA4SET = 0x00140000;
IR1_STA=1;
IRO_STA=0;
count=0;
T1CLRI &= OXFFFFFFFF; //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;
TOCLRI &= OXFFFFFFFF;
}
else
{
GP4CLR = 0x000C0000; // CLR P4[2] P4[3]
GP4SET = 0x00120000; // SET P4[1] P4[4]
SIG_STA=1;
TOCLRI &= OXFFFFFFFF;
} // Clear TimerO Trigger IRQ Flag
}



98

if( ((IRQSTA & 0x00000008) != 0) &&(IR1_STA == 1)) // if Timerl IRQ Flag Status

{
GP4CLR = 0x00040000;
GP4SET = 0x00020000;
IR1_STA=0;
IRO_STA=1;
TOCLRI &= OxFFFFF1FF;
}
return;

}

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

/* Write Character To UART */

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

int putchar(int ch)

{

if (ch =="\n")

{
while(!(0x40==(COMSTAO & 0x40)))
{
}
COMTX = 0xO0D;

}

while(!(0x40==(COMSTAO & 0x40)))
{

}

return (COMTX = ch);

}

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

/* Read Character From UART */
/****************************/
int getchar (void)
{
int out,in;
while(!(0x01==(COMSTAO & 0x01)))
{
}
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;

// CLR P4[2]
// SET P4[1]

// Clear TimerO Trigger IRQ Flag

// Write character to Serial Port

// Wait TX Complete

// Write CR

// Wait TX Complete

// Read character from Serial Port

// Wait Receive Data Ready



}

case 54 :
case 55:
case 56:
case 57 :

default
}

return (out);

out=6; break;
out=7; break;
out=8; break;
out=9; break;
:printf("RESET MCU and Enter only 0-9 OR '."\n");
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#include <stdio.h>
#include <math.h>

main()

{

column.

FILE *fp,*f_out;
float time[3],voltage[3],current[3]={0};
float out[451][2]={0},max_current,temp;
int i=0,j=0,group=1000,pulse=1;
clrscr();
printf("\n\nCoppy file 'data.txt' in same directory with this programe.\n");
printf("File 'data.txt' consist of 3 column and current signal is in third
\n\n\n");
if((fp=fopen("data.txt","rt"))==NULL)
{
printf("Cannot open file!!\n");
goto loopl;
}
if((f_out=fopen("output.txt","w"))==NULL)
{
printf("Cannot open output file!!");
goto loopl;
}

fprintf(f_out,"Current Count\n");
printf("Enter a maximun current\n");
scanf("%f",&max_current);
printf("Enter a groups of current (max=450)\n");
scanf("%d",&group);
printf("Enter a Pulse of signal.\n");
scanf("%d",&pulse);
temp=max_current/group;
group=group+1;
for(i=0;i<group;i++)
{
out[i][0]=temp*i;
}
i=0;
while(fscanf(fp,"%f%f%f",&time[0],&voltage[0],&current[0])!=EQOF)
{
current[0]=sqrt(current[0]*current[0]);
i=i+1;
if(i>1)
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{
if(current[1]>current[0]&&current[1]>current[2])
{
i=0;
for(j=0;j<group;j++)
{
if(current[1]<=out[j+1][0])
{
out[j][1]++;
break;
}
}
}
}
time[2]=time[1];
time[1]=time[0];
voltage[2]=voltage[1];
voltage[1]=voltage[0];
current[2]=current[1];
current[1]=current[0];
i++;
}
for(j=0;j<group;j++)
{
fprintf(f_out,"%f %f\n",out[j][0],out[j][1]/pulse);
}
fclose(fp);

fclose(f_out);
loopl: printf("********** FN|SHED *********\n\n"),
printf(“*************************\nll).
printf(“*************************ll),
printf("\nThis programe created by\n\n\n Arlee && Wanita\n\n");
printf(“\n*************************\nn).
printf("*************************\nll),

scanf("%f",&temp);
return(0);



MANUIN A

MnilszneunmsIdy

4 v X

mwilsgneud 1 unasnelwihussduganad i

mnilsznoui 2 19959U Power MOSFET Ll‘Uinl“lsf} MOSFET (ﬁ'Wﬂ%’U‘ﬂﬂﬁﬂﬁJﬂ”ﬁﬁNﬁ!)

102



103

4‘ a 4 4 . Y =
Mnszneun 4 19950 U0 IADTLUY Full-Bridge uazawmmmﬂ%’”lam

(@S UNATOUNTNINIY)



104

j

. .
mwszaaun 7 V1 lWihdwmsuadanaraundsausadsuresinavesemald



105

I WILHELM

' .

Musznaun 10 st usauvaalnveantiauas luih



106

Ch3 Freq
9.921kHz
Low signal
amplitude

ch2 High
60.0 V

ME 100V |
kath

Ch3 Freq
9.915kHz
Low signal
amplitude

Ch2 High
54.03

3 o a ¢ s A ¢
ﬂTW‘l]ﬁ%ﬂﬂ“Uﬁ 12 LLi\1ﬂullw%)‘l'lsll']ﬂﬂﬂsllﬂﬂlﬂﬁliﬂutﬂﬁﬁL@ﬂﬁ!ﬁﬂﬁ@jﬁaﬂ 50 T@‘Viil

%

open load

=60V,,)

Ch3 Freq

9.921kHz

Ch2 High
300V

Chz 100V
e 100V

ekl 2

wilsznaun 13 useau lnihvesnvesnsasduneimesiie lide Tvaa (V=300 V)

ms



107

Ch3 Freq
9.921kHz

Ch2 High

i 7 200V
2 s Jun 2011

1 o a 7 A ¢
ﬂ1‘W‘IJ‘§$ﬂﬂ‘lJﬁ 14 !LﬁﬂﬂuulW%1ﬂ11@ﬂﬂ‘ll@\iﬁﬂﬂﬁﬂulﬂﬂilﬁ@ilﬁﬂ@ﬂiﬁﬁﬂ 50 TEWHJ

(Vg =300 V)

open load

Ch4 Max
5.40kv

Ch2 High

5.00kVA (Chz 100V
_Chd4_5.00kVA_

10.0kVA Ch2
100V

v Y
Mwsznaun 16 usaau IihaesnvesnioudasiuivlacHl) nazusaau Ty

(Math) Aueunagaveaussau lihgagade 35 Alaliad



108

PreVu ¢
“

Ch1 Freq
. 9.900kHz

Ch1 Max
15.1kv

Ch1 RMS
10.5kv

Ch4 RMS
742mv

A Chi J 400V

v 48.4112ms

. —
Y o a s 4 ’ o
«ﬂ]‘W‘lJﬁ%ﬂi’)‘Uﬁ 19 usmu"lvl%l\h (CH1) tlagnszuaaa¥159 (CH4) Lﬁammﬂmuuuﬁumwaﬁ

1/20 anud 10 nladsed usaau Wi 15 Alallad



109

Chi Fi
O.SOZRI‘:IQZ

Ch1 High
14.7|

Ch1 RMS
9.28kv

Ch4 RMS

/ o a s 4 ’ o o
cﬂTW‘IJ‘i%ﬂﬂ‘lJﬁ 20 Lliﬂﬂul‘lV‘I%"l (CH1) uagnssuaaav13a (CH4) Lﬁammwumuummwaﬁ

16/20 a1w 10 A ladsas useau i 15 Alalad

mwilsznaud 21 ussdu Tiih (CHI) taznszuadainss (CH4A) oaNunuuiuveINad

16/20 Ad 10 nlagsas usaau v 15 Alaliad



110

MANUHIN 3

a a Jd
wmmmmm%mmmmwuﬁ

Arlee Tamman, Prajak Saeung and Yutthana Tirawanichakul. “Control and
Performance of a Pulse-Density-Modulated Inverter for Plasma Discharge Processes” Siam
Physics Congress 2011 (SPC2011) March 23 to March 26, 2011, at Ambassador City Jomtien

Hotel, Chon Buri, Thailand.

Arlee Tamman, Prajak Saeung and Yutthana Tirawanichakul. “Inverter System
for Plasma Discharge” The Proceedings of the 6th Conference on Science and Technology for
Youths: 2011, March 18 to March 19, 2011, at Bangkok International Trade & Exhibition Centre,

Bangkok, Thailand

Arlee Tamman, Prajak Saeung and Yutthana Tirawanichakul. “Effect of the
Varied-Voltage, Frequency and PDM in Atmospheric Pressure Dielectric Barrier Discharges”
Advanced Plasma Technology for Green Energy and Biomedical Applications (ATP 2011),

August 11 to August 12, 2011, at Centara Duangtawan Hotel, Chiang Mai, Thailand.



o a d
WravenaniInMsluglsuullmnes
(3949 Control and Performance of a Pulse-Density-Modulated Inverter for

Plasma Discharge Process

114919 Siam Physics Congress 2011 (SPC2011)

111



SIAM PHYSICS CONGRESS

U

i qn. 2.001/2554
14 pumWut 2554

o YOLFYLTUDHANUIVING Siam Physics Congress 2011 (SPC2011)
58U Mr. Arlee Tamman

awdmnauiidndlng saufuimidnerdomaluladnszaamn
51§ anniuiSoumedulasasou (esrmauman) gudanuiiudad
Aand e dITemamensuiand  @mMINIry) wag  aomiy
dussumssauinomansuazmalulad (@em) dudlumsiszauda
39N155¢AUA Siam Physics Congress 2011 (SPC2011) n1elduuifa
Physics for all, all for physics TUFssEMIeTud 2326 Tnay 2554 o
159151 Ambassador City Jomtien Hotel 33v3a%a1)5 Taevhuldasmuiiiou
Lﬁam"wﬁammuawmm‘lumsﬂiz«qm‘fu TunsEmanmznssunIsiams
sgyponouiumsiuauomanuvesiluiide  Control  and
Performance of a Pulse-Density-Modulated Inverter for Plasma Discharge
Process Tugiuuy Poster Tagwueunsngswazdoavosmslszaw1di
hitp//www kmutt.ac.th/spc201 1/spc/ Wil umsdszmamedion aanse
fuiums fwstatdiudull  Teewumunsonsadoureusns
Frszdumamedonldidulsdmsszew

Saouitensiy

vouaan i

&

(93957598 $n50un)

@YNIMsUszy SPC2011

112

Siam Physics Congress SPC2011
Physics for all, all for physics 23-26 March 2011

mnaurand Iny s

\% THAS PRIV SOCEETY F
L

fuinaaviyms
mnaufldndIng

fid:

omsgsvian 3
DUUNUTINISY Muagsung
duneiiies Yaniaunssrdin
flogldsudld:

q1w 93

Jan. uas51w&11 30000

TnsdAwn 0-4421-7040
Tnses 0-4421-7047

Secretariat Office

Thai Physics Society

Visiting Address:
Suraphat 3 Building,
University Ave.,
Suranaree Subdistrict,

Muang, Nakhonratchasima

Postal Address:

P.0. Box 93
Nakhonratchasima 30000
Thailand



—2 slovulsay
10 %008

1107 SSHIONOD SOISAHd WVIS

‘ALAIDOS SOISAHA IVHL GHL 40 IONTUHANOD TVANNY w9 HHLL

SSIHONOD SIISAHd WVIS

\Z

wsyws  HOALHIALSYW -~

iﬂﬁ_g-% w5

cea A7 us B @E

whhe, 42911

WAraIo 5552 4 SAOY ¥ m&-

spCc2011

JEdILHNg -« «




114

167

Suidewn mopeys 1soyn
‘BuiBeur 1s0y0 ‘|2pow uonn[oAUS urissnes) ‘FurSew uonePLO) spioslIY

‘pawasaud aq (1 NI LONRIMWIS Sy T, dTewW PINNSUOI 153q Y1 193
0} s1o1e21pul [ewlido e 219Y) JBYI PUNOJ 24\ “PIPISUOD I S3TeW PAONIISU Y1
Jo sanenb oup “sajyoud ayy jo sonsuaorreyo oYy Sutkiea £y -aFewn ue PUISUOD O
pasn a1e sayoId 953U ] “UOISUIWIP-IUO U [2POUI UOHN[OALOD ueissner) AqQ pasedaid
are so[yoid 2omos WS1[ Sy Jo SINSLIDIIEIEYD YL "PAIIPISUOD st sajyosd aanos
131 2y Jo SINSLINIRIRYD ) JO dduIN[U ) *APIUS SIY) U[ “101910p AeLie Jedul]
e £q p12219p 2amos wTip oy Jo sopyoid Ansuau reneds pue “1013919p uonn|osal
-[eneds uou & “J019919p 19420q paxy e AQ pa1aa1ap 122(qo ue Jaye Wai Jo sonisudul
d1 UIDMING Pate[nA[Ed I SUONE[aL0d dyi *afewn ue 1onnsuod 0} Jopio uf W3
pareredas om1 Aq pajonnsuod st afewn uy “Apdaapur afeun ue 1onnsuod SwiFeun
mopeys 1soyd pue Swfeun 1soyn "mopeys jo uondaford pue ((S661) (WETHE ‘TS V
Ay 'sAyd] s661 W g 2 veumig £q paensuowop ‘Sumdewt 1soyd jo uoneurquiod
oyl Aq pandsur st yowgm onbruyss SwSewn uve st Fufeun mopeys 1soyn

PeSqY
Y120 OPIYOIB)SSMIS (I0W-7 1oyine Suipuodsatio)

PUDIDYL “G0p0] YOYSung ‘Wisiaanf) 1opHgopy *aualas jo anav 4
“Sa18:8iyef JO WULDAIC] UONDUO U] UNIUONG UO NU[) YIDISIY IANDIOGD)IOD),

,2loqwosySurg A\ pue ‘wisenyoemuny) * Ay ‘diesuis "y TeqIOUTIRIS |

: Juidew] mopeys Jsoyn
ug SI[YoIJ 224108 JYTIT JO SINSLIAIBIRYD) Y} JO RuUINPU] YL

104 uag-uend \)/

:2:2.22.3»ﬁ_{a\%ﬁi&n«i st...s..........i.
1107245 ssaufuo] saisdyy weg (

06T

uonesuad
1amod as|ng *uone|npow-ANsudp-asing ‘ewse]d ‘a31eyosip euo1o)) ispromday

23wjoa indino aFesoae jonuod
0} J1EIS 0152 PUE Aels 2TWI[0A-08 aaem-alenbs Y1 21821 JGUDAUE (I 2Y L “[ONU0d
ewse|d JutpseSar paonoesd K|apim stow st W(Id 9P “ssajIouoN 91249 Anp Jo
‘aprurjdwie Jo Asusnbagy patiea £q pajjonuod aq ued yowm ‘ewse|d aesouad o) pasn
are soflzeyosip v asing -aTerjoa-op asind Jo a3enjoa-oe asjnd ‘aFeijoa-op ‘aTeijoa
-0B SE 4ans saamos adejoa snouea £q paelouad aq wed pay A2 CaseasdUL
KB12u2 s1t 30§ sed [ennou o1 poy o[ ue £|dde 01 st poydw pasn Ajuownuod
1sowt oy, ‘sAem snowrea yTnoay A10us Aressooou soA1001 A[[Ensn Jolesduad ewse)q
amssad ousydsoune e Jte ul dFIRYISIP BUOLOD I[qEIS B UIBIULERW O} ST S1YL ‘A
S1 PuE M 005 ‘ZHY 0s-1 Jo Ajddns 10s0d oe 51 921n0s aerjoa au 1 “1o1ean sdseyasip
BUOIO) pue souugjsuen dn-dos e JaudAul N 22n0s-2Tm[0A JO SISISU0D WNSAS
ewse|d 2y peo| sau2s 241 Jo WaLND Y pazinoayduls aFeoa ndino afeaae
st sisnfpe ey ssuanbas [onuod e st syl (N(Id) vonenpow-Ansusp-asind a
£q suop Afjenuew st jonuod ewseid Newnn Joj safaeyosip oe aspnd g Sunsnlpy

wensqy

WO I DL 2340 0= doyne Buipuodsario)
puspoy gopo[ yoySung *py oAoynndy IS 97 THD “aaD YL,
puooy ] 71106 ‘PrpySuos
g gy Knsaaagun opyduos fo aourd ‘aouaag fo Amoo.g
‘sasid fo juaunwdaq um1ua0 y24pasay (Bojouida] pup aouslg uvAqURY,
pubpoy 1 [ 106 OpifySuog
e oy Aisiaaun opySuog Jo aouig ‘aoua1as fo Amov g ‘so1sdiyg fo wuaunaodacy
‘Hiowaoqu] ydwasay KSofouyaa] (Baoug pup vusolf,
PUBIIOY] T 106 OIYFU0S
) wyy ‘Grsiaan opySucg fo aurig 2ouaag fo Opmon.g ‘sosdyg fo niawdag,
puvIvyL Zr 106 "O)yIu0S WL 0L
‘Mapsaaanug] pyy3ueg Jo acutif ‘auajog fo mav.y (ISFS puvpoyf fo duysioioyos
WIWIARNYIY 2IUFIIS) 190[0Af BOUPIOS Ul MAUOLPNI(] 24n05IY ULMNL],

gppelfEUdIUIEMEIL & pue ‘., Sundeg 'q ‘. TEWTEL v

$355300.1J IBIYISI(] BUWISE[J J0] INIIAU]
PAIBMPOIN-ANSUI(-IS[NJ B JO IDUBULIONIIJ PUE [04)U0)

L1d71d-001 >

T10Z Ye 97-62 sysfyd 4of Jio o sof syshyg el by

1102245 ssaifuo) saslyg weig /(\



!Human Resource Development in Science Project (Science Achievement Scholarship of Thailand, SAST),
Faculty of Science, Prince of Songkla University, Hat Yai, Songkhla 90112, Thailand
2Department of Physics, Faculty of Science, Prince of Songkla University, Hat Yai, Songkhla 90112, Thailand
3ThEP Center, CHE, 328 Si Ayutthaya Rd., Bangkok 10400, Thailand

Adjusting the pulse ac discharges for ultimate plasma control are manually done by the pulse-density-modulation (PDM),
which is a control sequence that adjusts its average output voltage synchronized with current of the series load. The plasma system
consists of voltage-source PDM inverter, a step-up transformer and corona discharge treater. The voltage source uses ac power supply of
1-50 kHz, 500 W and 15 kV to maintain a stable corona discharge in air at atmospheric pressure. Plasma generator usually receives
necessary energy through various ways. The most commonly used method is by applying an electric field to neutral gas for its energy
increase. Electric field can be generated by various voltage source such as ac-voltage, dc-voltage, pulse ac-voltage or pulse dc-voltage.
Since pulse ac discharges are used to generate plasma, which can be controlled by varied frequency or amplitude, or duty cycle.
Nonetheless, the PDM is more widely practiced regarding plasma control. The PDM inverter creates the square-wave ac-voltage state

and zero state to control average output voltage.

Plasma can be generated by supplying energy to a neutral
gas for its energy increase. When electrons or ion in the gas phase
receives sufficient energy and collide with the neutral atom and
molecules in gas, ionization or photoionization occur. The most
commonly used method of generating a low-temperature plasma is by
applying an electric field to the neutral gas. Electric field can be
generated by various voltage source such as ac-voltage, dc-voltage, pulse
ac-voltage or pulse dc-voltage. Since pulse ac discharges are used to
generate plasma with dielectric barrier discharge system (DBD), a power
of plasma can be controlled by varied frequency or amplitude, or duty

cycle. Yet another way to control a power of plasma can be done through *

varied number of pulse, which is applied to the electrodes in unit time,
though a frequency and amplitude of the pulse ac-voltage will be
unchanged. This technique is called a Pulse-Density-Modulated (PDM).

- 4

shows a power circuit configuration of

pulse power supply system with DBD reactor. The 1 —40 kHz 500 W
inverter consists of a single-phase voltage-source and full-bridge inverter
using four power MOSFET. Power MOSFET is rated at 500 V and 20 A. A
step-up transformer with ferrite core, is installed on the ac terminals of
the inverter to obtain a high voltage of 10-15 kV for DBD plasma
discharge. A circuit of gate drive using TLP250 which consists of a GaAlAs
light emitting diode and integrated photodetector separates low-voltage

.. part and high-voltage part as to protect a control circuit. The control
" circuit using ET-BASE ARM7024 which is board microcontroller ARM7

& 64PIN family uses microcontroller No.ADUC7024 from Analog Device.

\ ‘ The MCU can collect data maximum 41.78 MHz by using XTAL 32.768 KHz. |

\ DBD reactor consists of two plates of stainless steel which varies from 2

shows experimental waveforms of PDM
inverter system when using 200 V,. at 10 kHz of frequency. a)
corresponds to the case of maximum power operation at unity pulse
density by producing no zero-voltage state. b) indicates a half power
operation at a pulse density of 10/20 by having the PDM inverter create a
ten of square-wave ac-voltage state and ten of zero-voltage states.

J The power supply using PDM invertersystem generatesan
ac signal to drive the primary winding of a step-up high voltage and high
frequency transformer. It can generate 400 V,, of output voltage with
frequency in rang of 1-40 kHz, that can adjust its average output voltage
to control power output from 1/20 to maximum power. Nonetheless,
positive duty cycle decreases when the frequency increases. This
problem occurs from a bootstrap circuit signal which drives high-side
power MOSFET.

Hart,D.W.(2011). Power Electronics. Singapore : McGraw-Hill

shows a switching modes of the voltage-
source PDM inverter. The combination of the step-up transformer and the
DBD reactor is represented by an RLC series-resonant circuit. The PDM
can be operated in three modes; mode | and mode Il in (a) and (b)
together produce a square-wave ac-voltage state, whereas mode IlI
produces a zero-voltage state at its output terminals. shows
signals from the control circuit which is applied to power MOSFET. Signal
v, is applied to Q1 and Q4 to generate positive state and signal v; is
applied to Q2 and Q4 to generate negative state in signal v,. Thus, v, and
v together produce a square-wave ac-voltage state in signal v,. The PDM
frequency repeatedly runs and stops in accordance with a control

. sequence to adjust its average output voltage for control power output.

N\
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Switching modes in PDM

Cvorion Principle of PDM control.

Voltage (V)

Experimental waveform for a) full power b) pulse density 10/20 (f=10 kHz)

Fujita, H. and H. Akagi, Control and performance of a pulse-density-modulated series-resonant inverter for corona discharge processes. Industry
Applications, IEEE Transactions on, 1999. 35(3): p. 621-627.

115




116

vnavenaadInimsluzluuullmaes

(309 Inverter System for Plasma Discharge Tuau

The Proceedings of the 6" Conference on Science and Technology

for Youths: 2011



117

LBRLWLBAUIBLLBALLIAT BN UAIZENLURLILBALIEESLUREIINBNALOLE
LBBLBLRULAMIUUNIY sLuBLnLEl
(euLEUL  BMeisel) (eUnLRue) mezememes)

\J\df/\j)@ . }xer‘}u\r

P22 ALLUPSIAM TEULTE 9@ UNE 10 L14]
LUMLATIMUINEY LIBLN BAINYTERALNELURENELUBLLUNBNG My
PP LLEUPOIAI ULATE 0O - 2O UMEMEUAE

G UbeY JPC.\QQKJm@wﬁw@SJnmjmsmrtrESWWrCCPmRW»wﬁﬁrvﬁwah\m:rvmzm?@_ LILELELRIY]

MLy  BULBRLN

rm\vsﬁjmﬁa‘mﬁaﬁp\ﬂrcwc\@mwwm‘:.m_.nm_.r

YLABKUTIREMBIZENSYELBLRALLIIMMILLMUILLERET 3..\W?W3%rrﬁcmwrcwrCawwcnar_:rvcﬁr%

rm.cmaswwrcwrczwwcnacﬁrvcﬁr% SBELBEURAUIRSLRIALLWM

nuree REIM YAIZENEBIELBLRALIRIELURLIIBENALELE



118




119

OWTIHT dimwasiiivsanenisinm
msUsw{;mmsﬁnmnmas‘nmmTufaﬂWomwu
The & Conference on Science and Technology

1819 Qe 284 0w

218

syuudunesnasdmsunisaaysaliinvewardun
WA Ml
¢l v € 1t a a ¢
819138vEne Usedng ueds uay gvisun Jzadudna
MATNENG Aarivemans uvivetduasvaIunsung malng @wwan 90112
Email address: arlee.tam@gmail.com nsénsi 08-6748-0038

undnge: szuvdunesiweslfaiundsielndmiusruunsfansalivematan Tasmsdsuan
Iwilhszuu DC WU AC szuvBunedinesusznaudsgunsalansiisininids wifeuuastwihdndgauas
Aige waraARIUAN MAmUANA dy g RAmANTITNANE 1 - 40 kHz ednelifulsesiy
UOANANNGS 5zycy1m~7i"l,o'1’mmwﬁwaal,wmri’wﬁmxﬁiw'lﬁﬁ'unaal,w‘nﬁwé’aLﬁaa%‘lﬁﬁymwﬁmﬁauﬁnéqa
uaznszuags dygindnanazgnirelituusaindulgugivemiiouvatnirdndgauarauige
é"tynunmﬁlﬁmnwﬁamJawzﬁm']mmﬁnéwhﬁ"uvﬁaqamfwmwudwﬁnéumﬁwmﬁw dawalianTnasng
wanaule

ANdNARY: inverter system, plasma discharge, AC plasma discharge

Inverter System for plasma discharge

Arlee Tamman

Thesis advisor: Prajak Saeung and Yutthana Tirawanichakul

Department of Physics, Faculty of Science, Prince of Songkla University, Hatyai, Songkla, 90112
Email address: arlee.tam@gmail.com Tel. 08-6748-0038

Abstract: Inverter system is used to produce power supply for plasma discharge system by
switching DC to AC. It consists of power semiconductor switch devices, high voltage and high
frequency transformer, and control board. The control board generates a square wave frequency
in a rank of 1 - 40 kHz, which is transferred to power MOSFET drive circuit. The signals from power
MOSFET drive circuit will be applied to power MOSFET in order to produce square wave high
voltage and high current signals. These signals ultimately drive the primary winding of a step-up
high voltage and high frequency transformer. The transformer's output is equally high to or slightly
higher than breakdown of neutron gas, which can generate plasma.

Key words: inverter system, plasma discharge, AC plasma discharge
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bstract: Inverter system is used to produce power supply for plasma discharge system by switching DC to AC. It consists of
power semiconductor switching-devices, high voltage and high frequency transformer, and control board. The control board
generates a square wave frequency in a rank of 1 — 40 kHz, which is transferred to power MOSFET drive circuit. The signals from
power MOSFET drive circuit will be applied to power MOSFET in order to produce square wave high voltage and high current
signals. These signals ultimately drive the primary winding of a step-up high voltage and high frequency transformer. The
transformer's output is equally high to or slightly higher than breakdown of neutron gas, which can generate plasma.

ntroduction: Inverters are circuits that convert dc to ac and transfer
power from a dc source to an ac load. Inverters are used in
applications such as motor speed control, uninterruptible power
supply (UPS) and running ac application from dc source. A full-bridge
| converter is the basic circuit used to convert dc to ac which is
synthesized from the dc source by closing and opening the switches
to produce a square wave. The output voltage can be positive,
negative, or zero voltage, depending on which switches are opened.
The power MOSFET is a voltage-controlled device that can be turned
on and off by applying voltage to the gate. The on state is achieved
. when a gate-to-source voltage is higher than threshold voltage while
the off state is achieved by a voltage lower than threshold voltage.
The gate-to-source voltage (V,) can be produced by gate drive
circuit; it has two side of power MOSFET driver: low-side and high-
side driver. Low-side driver use TLP250 which is photocoupler.
Output from TLP250 is connected to the gate of low side power
MOSFET. A bootstrap circuit is used for driving a high-side power
MOSFET that uses two of MOSFETs, capacitor, diode and resister.

eveloped system: is equivalent circuit of inverter and

plasma discharge system that consists of 4 switching-device (power

MOSFET), load and dc power supply. When S, and S, are closed, +V,
is applied to the load whereas -V, is applied to the load when S,
and S, are closed. The low-side driver circuit shown in 2 2 uses
TLP250, which consists of a GaAlAs light emitting diode and
integrated photodetector. Signals from a control board is applied to
the light emitting diode, and output signal of TLP250 is connected to
the gate of power MOSFET. The hi ide driver shown in

consists of two driver MOSFETs, high voltage capacitor, diode and
resistor. When the control signal is high, two of MOSFETs are turned
on, causing the capacitor charge to V, through the diode. When it is
low, two of MOSFETs are turned off, allowing the charge of capacitor
to be transferred through the resistor and supplied to gate of power
MOSFET. Output signals from full-bridge converter drive a primary
winding of a step-up high voltage and high frequency transformer.

esults and Discussion: shows experimental waveforms of
driver circuits, output of power MOSFETs and dc-voltage under a
condition of a constant frequency and dc-input voltage. The
frequency is 10 kHz, input voltage is 70 V, output from bootstrap
circuit is up to 85 V for drive high side power MOSFET (V,, = 15 V),
and output from low-side driver that uses TLP250 to drive low side
power MOSFET is 15 V. shows output from full-bridge
converter that uses 200 V, and its frequency is 10kHz.

eferences: Hart,D.W.(2011). Power Electronics. Singapore : McGraw-Hill

Equivalent circuit of full-

< Low-side driver circuit.
bridge convertor.

Voltage (V)

Switch
control

Output signal from full-

High-side driver ci Driiee converer

Voltage (V)

0.0E+00 5.0€-05 1.0€-04 1.5€-04 2.0€-04 2.56-04 3.0e-04
20
Time (s)

—Vdec —Vout —High-sidedriver —Low-side driver

Output signals from driver circuits and power MOSFET.

onclusions: The power supply uses inverter system to generate an
ac signal to drive the primary winding of a step-up high voltage and
high frequency transformer that can generate 400 V,, of output
voltage with frequency in rang of 1-40 kHz. However, positive duty
cycle is decreased when the frequency is increased. This problem
occurs from a bootstrap circuit signal that drives high-side power
MOSFET.

Wanho, S., C. Jaeho, and K. Taewoong. Bidirectional Pulse Plasma Power Supply for Treatment of Air Pollution. in Power Electronics Specialists

Conference, 2006. PESC '06. 37th IEEE. 2006.
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