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Abstract Plasma ozone is utilized in a variety of applications in the field of sterilization due to its high
sterilization performance. Dielectric materials used in DBD(dielectric barrier discharges) are mainly polymer,
quartz and ceramics. These dielectric layers have the advantage of limiting the amount of supplied electron
charge and allowing plasma to occur evenly on the surface of dielectric. Actually, the target or environment
for sterilization is often a complex structure, so research and academic study are needed by utilizing the
concept of space sterilization. In this study, the device is applied to generate DBD plasma at atmospheric
pressure for disinfection due to the effectiveness in producing radicals and ozone. The generator of plasma
ozone is a basic structure of dielectric barrier discharge by placing ceramic tube dielectrics and stainless
steel electrical conductors at regular intervals. Various applications can be developed based on the
proposed design method. Plasma ozone generation for space sterilization device is recognized as an
excellent sterilization device. Through the design and verification of the device, we intend to establish an
optimal design of the spatial sterilization device and provide the basis data for sterilization applications.
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Fig. 1. Tendency of ozone concentrations over time
in confined spaces
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Fig. 2. Various structures of DBD configuration
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Fig. 4. Plasma equivalent circuit through the
electrical model

Bepzotoielst HAgel gt 270l i A
o 27 4 (4), A G 2t
Tr

B (Sheath) = @

Jwey

= )

.] U‘)gp

J
E,(Plasma) = —

A71A, e, <00 |g,| > @ 22& 2ol &
ghzutol= QI7FEE A7)0l W, thRE o] H7)Ho]
#2990 A7kEt. ol ZE=uPEY Y Yol
ofst A7|1FORE MRt 7h4E 1, 7]A o]t w
£ ZH2uE AT 4 Yok AE Yulsty AFat
& FY(w < v,)0NAM9] ArE 4 (6) 2t

2
o Sowpe
T etV ©

m

Sehznto] waje] WE v WY P, A}
FA(D < v, e )NH A ()t 2k,

P 1

abs

1
=3 J7, )

de

Zatzuto] B0 G2 5132 S B Fig 4
oA Uehd BUIERoA9t o] Zk=utAg
R,=v,/w, C% EFZuIgEA L =1/u’, Cy7}
AR AZ=ET AAE C7t HER ddd 1RE

SfAEt. o, FAAQ SHEFE 4 (8)T 2tk
A
C=eph ®)
A71A, g2 AFY  FHE(Permittivity)

8.854>10™ *[F/m], k= 5449 84=~Dielectric
constant), AE §AA9 WA, t= FAmIE

Uehi

2.4 stEH|X| E20|H EEZEX|

ST EAS 9 Shnneln) Wegd o2
FHE FAZ YA FAAT, EALET] 27t
=A%) A AU 1/2 AER 27| o] 2913



2AHS] Yol Adidor 3E BES AMTRST A
o] gitH14]. E3h &2 g &0 & ErfolHq
AL 7Fsst 1[kW] A=7tA]9] Megs Tefo|Hoh=
o] &-8HcH14]. Fig. 501 Uehd Bie} Zo] stzHz
2] AvE EEZAE High-side®} Low-sided 2=
2709 2914 A B9l 2 AFAFE 1RAF
2 gglsto] W79 WHYHR HYE #HIAIH
SW1zt SW29] A9A F&o|A FEet HEEdS 2
1L o]F AQA| Atoof| Heo] FHrith

Main rectifier Half bridge series resonance convert ter

8] L2

AC vde
p w2
o < +
amx

Soft start SW.

High voltage output stage

£,

)
N1 ||éNZ 1Lt

output

sws aR2 D2

High frequency switching?

Fig. 5. Half bridge converter topology

Fig. 62 ShLueln] 43152 Uehin ga%st
Stk oz B AESHe] SEEAT oA WP
Sejsa)e Qg EE TeX g shuexo By
Ae) BAS ekt 2913 Aefol] BE 2% 2 o
Hol Q7 Agke 4] Q) Atk

nV;

VL = T* V() (9)

A9el] 2H&st= MU voltage-second BH £
e AEsta, A Ad 9 Akl digt #A4ES

elstd 4 (103 2o

nV; T
DT(T* Vm,,t): Vm,,t(jf (10)

DT)

o tit t tats ts  time

Fig. 6. Half bridge converter waveforms

Voltage

st B g x] EEE Ao thgk AlEE 0] National
Instruments®] MultiSim LiveE o]-&3}o] AAj7tog
ST EZZAE 180V, 25W HAE 7|Eo=
stoHE R o= Algdold AAsit. Fig. 72
AlEgold EEEA 9 AAE Uehd

Fig. 7. Simulation of half bridge topology

Fig. 82 3lZ B 2|2 EEZX]9] VA o] w2
AlEdeld E8ugE Uehdth

2.5 E2XOIRE WMY| 2&

£E DBD #¥E &3¢ ST=uieEubge 9%t
HF27](Reactor)9] TR Fig. 99 Uec} S84 &
GFoUAEH (AL, 0,)E °]- 833t dFauAlEte 9]
FAE&E 1IMHzZIA 9.2[V/m], 7144 Z=& 610
[MPal, AX¥E 18[GPal, @HEE&L 27[W/mK]L,
e 38[g/em?], T A= Alo]9] WA 7HAL 2[mm]
2 A SetRupd Ao AR HHYY
o] BAYsh= 22 DBD WAS AHEFoZA FE 5
Ao 2EASS 1ot AAHE HZES 755t
o] 2839}, Zet=uteE uhg7|9] YA A wE
AL Fig. 99 YERT 2170] 10[mm]Ql EFu|u



286 3St=83EE=2x] H13# HM3&

Aletels 9ol vixIskal STS30485-8 FZol Hix|
Sto] ZFSAtolol EStznteEo] WSS dAS)
ATt

10mm

40mm

Conductor

Dielectric

Fig. 9. Photo of plasma ozone generation reactor

STS304432 ERe Halanl, BHARS 55
29 57 3 HeHH9l ohide] P4E dFom
AT AFLL 740ln2mlolct,

3. ECtE0IRELY x| HaiZn

ARk EehzuteEo] WA ARe] AAY ] ot
47 AJIY AAA HEgact T2 R 5
18~30[m?183t W A2 9% FAEAS FAHL
o] whE A O] AARE ST

AiFEQl 5§ DBDY wHe7] &= A= Aol 9
= A st B T Y BHe Aol £33
g2 w2 fAE&S 2= FAAR =20 gled A
= Afoll 442 4 [mml ol A=l LFAUL

Z Al A
sP7F SHEIL AS3 FAAAellA ddtt 2=
Eetzopgdo] ARt WA FolA skl At
o stefuix|ote] FEof ofsf whe BFol A==
o, o] AAEL Aatolut LAY Fof 7as AA
she Hl AMETE EI uF LFA7EE 089
DBD 7] Wl A4 4o} 2715 sde=H 7|E
A7 AR g4 S/PTAES A3 AA 882
PN 5 Slt. ER2ERE TN SIS A2
oflA agbEigol o8] EetxmteEg WYATIE A
4 g #84F08 VOCs, NOx, CFCs, o5 5 &3

ABAE BE 0QUI AAT & e

A%el AA5Eo] et DBD SehEubAAAE
BRAY 3IV], 100kHlo] A9 F3710] 8 A4
o Zuke e 3kVI20VIH) 24 FRse A
Fehe BT BHE Sehxng Aok 9l
F35e 2450 ARl A7E 2EsH Txolth
Fig. 102 48 9% Sexnloze] Aegs 2
A whg71] ARYA AES e,

wer supply Reactor
3

Po
®

ik K

10. Configuration of the plasma ozone
generation module

K

Fig.

Fig. 112 Sehxnie s wuEe] 33499 29
o}ge debhn gtk 34 g gz ng
ol §3to] WEo] AA] TS Math vheht shgolct.
2L ToIA ek Blet o] 20(kHz, 31kV]
o Hn} AL AT 5 ek

v

Fig. 11. Applied voltage waveform provided for
space sterilizers

Fig. 112 Eet=nrddol] e S5 o+
Ul 9k A2 T 84 Afol9] 2[mm] 7HAA
Szt 124 WAHE 42 49 4 Ak
40[mm] A= x 2z004 FPEH 80Imm] X 2[mm]
o TIPS YE L itk

tlo



Fig. 12. Operational status of the plasma reactor
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Fig. 13. Thermal images of plasma ozone generation
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