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A= 7IREe] U719k F7-d= 57440 A48 9 (floating electrode-dielectric barrier discharge, FE-DBD) A~
1S MEste] k2l 5448 FATE A st 919 =(powered electrode)S 733 FAFAARE
olytetrafluoroethylene (PTFE), polydiemethylsiloxane (PDMS), polyethylene terephthalate (PET)E AR8-5}0] Z&h=n}
SIS W) Euhzmte] FEHA A7) o) AR EE gl QU7RE Aol SRS SRR AL, HSte]
%4 W= PTFE < PDMS < PET 2.2 S7FsISitt. o= F3A19] E78) sl whe F54d-83<] wstz A4
T AL, AR 7]ke] ti71SE FE-DBD Z2trte] EAL fAdk sd=S Tk RradAel sk =)
QI7bE= ks Welshoms 2d8E 4 Qo gvsitt. §-A4= di71St FE-DBD A28 35 JHE wjet &
gfzmpr} g = glom g Eelut wlo)l (plasma medicine)oll 88 2 0= Z]cfgith.
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Abstract — An atmospheric pressure floating electrode-dielectric barrier discharge (FE-DBD) system having flexible
electrodes was developed and its plasma characteristics was investigated. Polytetrafluoroethylene (PTFE), polydiemeth-
ylsiloxane (PDMS), and polyethylene terephthalate (PET) were used as flexible dielectrics for flexible powered-elec-
trodes. The optical intensity and electron temperature of the atmospheric pressure FE-DBD plasma increased with the
voltage applied to the powered electrode, and increased in the order of PTFE < PDMS < PET at a fixed voltage. This
behavior was explained in terms of the change in the capacitance of the flexible dielectrics with the dielectric type and
voltage, implying that the plasma characteristics of an atmospheric pressure FE-DBD having flexible electrodes can be
controlled by modulating the flexible dielectrics for the flexible powered-electrode and the voltage applied to the pow-
ered electrode. Because an atmospheric pressure FE-DBD system can generate a plasma along the curvature of skins, it
is expected to have useful applications in plasma medicine.
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Zt=uk(plasma)ys -2 0 7 o] &38lE 7|A R Ao HA}
(electron), ©]-(ion), o}4] 0] 23}=|#] k2 FAIAR A
bk s ool wheh Aot Eeknte} o719 EekmE
Ao Xtk A9 Zek=n k= HEEA| 224F MEMS (microelectromechanical
systems) 224}, FaAte} -2 TheFst AR 23 ol 1FE )
(high aspect ratio) 7352 ¥7] 91l Wo] ARE-H AL JlTH1-6]. A
o Eehzrke Eepznl o] golskar P AR Rk X FAI A
B8] ARgo] Hg=Alo]ojA] Aol a7te| il Hatsiet. o7t
Zetzrh=E 21307 B kA kol AIAE F-50] A ek A
£370] 7Fsdto] FHA ST} b vhekeh ofellA o] &
w3 3t

Hol 71t Etzvlel A WA s = SF ST
(reactive oxygen species, ROS)Z} £+ &l 4~ F=(reactive nitrogen species,
RNS)S A Y, 2t A X 5 Foll 283k Al BarswA] o
718 Eetznks AES = 2 gl o] &3h= 49| Zukznt ]
Al (plasma medicine) woFol] -2 ¥l o] Rolx] 1 QlTi[7-11].
ROS= ¥WI9- B3] wlizell =] E4E7 fA vkeste] o=
FEE o] FE= 54 o] Qlo] M A, opn] Ak 2 7]
TARE &4 W ghajsto] A el &2 o]th10]. RNSE
A Aol T2o] F AR ETR] (cytokine) 2] FHAJ 3} Ad-f-obA
3E(fibrioblast)2] T241-& Frlato] A A5 sk 9Es ks
ZRog A rh10].

714 EetznkE Zet=n gl 483817 $leiM = &
Zp HAPA] A Aol A S-S A Fof UA] el AR =
=2 & 9le AL 071 Zekzrtolofof st ek wigj il
AR E = A2 7| EetrtE e E2k2rt A E(plasma jet) 2}
H-4) 7= WA (dielectric barrier discharge, DBD) Z2}=r}7} of
FAolt}.

Ze}Au) A E[12-14]= =Z(nozzle)o] D ¥H-3-7]of] 1j-9- w2
LE® 7|AE FYste] 5443 (capacitively coupled) B2 0.2
Zetzntks ste] EAalshs W2 o] Fepzamto|t) Fehnt A
E= ket 7kAE AMEE o Qlo] Euknte] 5EHA] wstE &
Ag 7 la, 255 Fa 7IAE HEE Y] Wil 84F &Y
A(flux)7h ok 28 Eek e FARE = 0] F mm H %
X He] o] il FiL vhge] $F- 7hT} ARg-E ofof gt

DBD "4][14-1712 7 /0] A5} A2 38 D
Zo]t}. DBDY] 3 & =l W (alternating current, AC) B
A~ (pulse) FENC] IH1E A7FsHA A= AIL Q= Aol
H3k(charge)’} 25|31 o] $ 2d=2] F/do] vHA™ F-dAel =
A=A M7t EEHA A= Afolo)] Eutkznpr) AT 53]
DBD= 395 I7BHA] & AT QA 172 tiAstel =
Eefznprt @geke] o] & = DBD (floating electrode-
DBD, FE-DBD)[18-20]2}1Z ¥t} FE-DBD= ti7] 52 37|12 %
o] 7ksste] 27k T4 §lo] I oA Eefzuprt
AJetar Zepznt il WA S ekt Al Ee vlsiA €-53] STt

QUA| T -] Pt} A x| 5ol ZEf=nt 7S 483817 S8l
A T mm g E0] =4 WA o] opd vl A HL- HF
ZulE WA AL 517] wliZell DBD Ze=wlrt a5 ot}
sk, theket S-S Ad QIA 1] gl Eit Y A A5 E
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91841 DBD A= QUA| 3471 Hofjgh A Fo] 2 H=s {A
= (flexible electrode)S ©]-83 DBD 7|gto] & @&}t 12v}
A F7H] Bi1E DBDS Eekznt wt]al 3-8-ellA il d=E o]
$3 DBDE: Bt vk A9 gl

2 AFelAE 2R A W AARAEE S8 7 FUS
upel Fefzept AT ¢ T FAAS 716k g7l
Zefznp AARLS VP, FANSE A shE A1) S5
of W& Foh=nt SA-& 245t ti71$ DBD Al A" FE-
DBD %4]o] H 55 A|&sto] Zufzuprt gl 2 wEHES
sttt Eefnt 54 02 RNSSF ROSE 33814 M7| & vl wst
&1a1, 0] & o]&-alo] A2 % (electron temperature) = F1Fsto] A
= Hwaict.

2.4 ¥

Fig. 1@ & A7olA AR frdd = 719ke] 7)<t FE-
DBD A]2~El9] 72k ot} FE-DBD:= 347} Q17}E &= vl H =
(powered electrode)¥} ] 5-3 t Al ¥ F7-%1 = (floating electrode)
O & FAESL o] w] = 1A TR} vl FALSE Hj1] )77}
AREE QT TS AT Bokel] wmEt e e
917 = (flexible electrode)®] ¥ =5 717 ¥ (flexible cover), &5
SE(foil), T34 (flexible dielectric) =M 2 ASE X E &
o] 9lom, o] M=ol WAL 50 x 50 mm? AT FAAHE 39
A=l o do] 3w W S B Ho R WAlskA|
2L RiEE o = sk A1 A8k flske] AREE Y=,
5 mm 7] 2] 13t polydiemethylsiloxane (PDMS)E A}-&-3}-31 T},
5 A o] 23 TEl(Cu)E AFREIY o1 F7171 0.08

mmel FAEA 2 TR 5 AR sk, FARAAE Eot

=
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Fig. 1. (a) Schematic of the atmospheric pressure FE-DBD system
having a flexible electrode. (b) Photograph of the FE-DBD
plasma operating in room air.
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3171 $1sto] RS ARSBIGATE. -7 9] ol ukE Skt
£ 2o & mhetalr] 935197 0.1 mm F7112] polytetrafluoroethylene
(PTFE), polyethylene terephthalate (PET), PDMSE 22} -3
A2 AR, ol F T HE Al F-Aeigict.

Zetznks WAL 7)7] 918t 59 AV @] (power generator)i=
w4 Sdel Akl o, 25 kHzO] AC 2~E o] &ato] sk
6~15 kV7HA] 2438kl eh Mt - T2 M (high voltage
probe)7} A2HE @ A F 5 3 (oscilloscope, Tektronix, TDS3034)%
o] g-sto] St

Fig. () & ATFolA AFEH F-Ad5 718k t)7] <) FE-
DBD FA|& o]&-3to] gt Zehznte] AA Apxloltt, F-H-4d=
o] R Ag vt S E & Rl T A |
g Zetzrp b IS B o ATk

Zehzrks o 7iaE FSlekA] & ] 4] 3719 o]
gato] WsISlt). frdsh kel d=3 3] Alo]ellx] TAE = &
ghz=ntke] FEHA A7) 9 2hr]Z(radical)S] A4 271+ optical
emission spectroscopy(OES, GetSpec, 2048TEC)S AR50 At

3. du} ¥ nF

Fig. 2= W71} FE-DBDE] S H =8 93t F-A-/- A7k
Z}Z} PTFE, PDMS, PET Y o 39| A =ol] Q17Fek= Hetel uh&
Eet=nte] OES A Edo|t), 7|A1E whE F4shA] ¢al oY)
Zol 4] wbgE Zek=ehk= 300 nm$ 450 nm Ato] 8] dgellA] A
) Z(radical) ] Z(peak)”} EFI™ 777 nm$} 845 nm Ao 2]
el A AbA 2z 9 27} UERGTH21,22]. AbA 7AE w2
Tk 93 Eefzrirl DA EH 1Y) Zell vbedEll(ground
state)N| A ST El (excited state) = 2] ol X]|7}F ] w2 A4
ZFAbAETE E B2 S AT 4 QU o] & <13t OES
2HEG A A 9139 A7 |7F Ak 9318 A7 EE ) 3714
A5 (PTFE, PDMS, PET) 25 A ¢o] 71843 OES &~
HEH | 37 7|7t F7FekH o1& 22 o] HEskA st
71 fIste] o8] FARHAE ARHE o A grZo] veh k=
sphellA] Fgtel] b OES 2~HER 2] 33 Al7|E v walSith.

Fig. 3 Fig. 29] OES 2~FEHAN 71 A7|7F 2 HA 93
3l 359 nm 32| I3 AI71E AU FAFHA ] FH-el wet
vebd 7giZo|t} -2 2 PTFE, PDMS, PETE AFEES

B 991 Sl Q7R Asto] Sl wEbA 313 Al717F
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Fig. 3. Optical intensity of the atmospheric pressure FE-DBD plasma
as a function of voltage applied to the powered electrode. The
flexible dielectrics for the powered electrode were PTFE,
PDMS, and PET, respectively.

H) 523 Bl &2 S7ekeinh 3 Agto] A u) ¥4 A7)
PTFE < PDMS < PET £ 0% 7| %t}. DBD A|AHle A Zah=nt
A71E A1 2] #7382 (capacitance)oll Bl E|gthar deA 31O
[18,23], FA12] FHEE 2 (1)) o] At

C= 80k’% (1)

A71A e FFY S (permittivity)E 8.85 x 10712 F/mo] 3L ki=
A2 A<= (dielectric constant)©]T}F. A9} t= -] 2] W23}
TR B ATtollME= 242 2500 mm?$} 0.1 mmSith. PTEE, PDMS,
PETY] 314 7t2t 2.1, 2.5, 3.3 ©|1], o]= %8| AlA+% PTFE,
PDMS, PETS] ZH88-2 217} 465, 553, 730 pF o3It} wEhA
Zgto] 44E w| FE-DBD Z2F=vle] OES ~#HEY 1= A7)
FJAFE sk FARAAY FH 0] EFF AP oM, 5
HAgego] 7174 & PETOIA H=2] A717F 71 Zic.

DBD Z&}z=n| Al 2EelA] o3 delo] gheld=te] Q7= I}
AAFE Tk A E5E3el 28l FA Fdel A4
7} 25 31 S(negative) 917} B/} o] g sk A2 W =g
¥ (memory voltage)o 2t LA lom {42 F3d-8-o]
55 Bl FAE = e ofo] FrsttH24]. el 4
AAp= gF-olA] Q7FE= Aol glste] FA == A7178<14 7

v 10000 S
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Fig. 2. OES spectra of the atmospheric pressure FE-DBD plasmas having flexible dielectrics of (a) PTFE, (b) PDMS, and (c) PET. The volt-

age applied to the powered electrode was varied from 6 to 15 kV.
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&]o] tf7] F2 71A19 FTEstal F=3 71A7E 0171, e, o]
she]o] Eef=ur} B

Aol AR A= 7 ]‘ﬂko/] th7]%+ FE-DBDeIA A%l
*3}7\“}# ) ATE T8k FARTAA Y Sk el H =
I7bE= ol whet Zek=nt ‘1]7]7]' debslar ol 7 A-pollA
A7t oA 2pol7} Qlaa SJul et dntkz| o & H2te] ouA]=
AR5 (electron temperature) = WER ™, A2 57t S45 7]
A FAF F2 Aol AL = ofUA|7} A7) wiitel 71A19] @2
b S7vekar = Qe &S] /o] wolklntar ¢ A Qlvk
[25,26]. Ao} ETF=utol A LRk 0 & o] B3 (Langmuir
probe)2 o]gste] A2 LE A4 S 2eu 7 &
Zroll M= YARE FEF7F 7] wiiel] o] B o83 A

AL AL BrlsaltH27). 719 Sehxulo A= 8BS o)
3 AHA A FHo] opd 1A W oE AR E AlLts)
= dl, Boltzmann plot W] 322 o]t} Boltzmann plot ¥
HAA] SHUE o] &3 AT AR WO R, FepntelA
WEE= 4] A ER F WA F oUR] xlo|E 2= F ol
o] 2<o=R)e] A|H A71E o 3te] AAFLES At

o]t}H27,28]. 5, Eetzntoll A of7]E o] 4] olUA] F9Z=HH

314 ]Lixl & Hojxlo] WhEah= Yo 3 A7) E o] &3
o g ageha S o % MR EE Al 213t Boltzmann
plot 2] (2)% &3l F=th.

Ml E;
1n(1%) = C 5))
A7 A2t lk, 247} 249) eliA] 9 kellA] 3k elluA] &9 i
Hold v WEw= 9] 3 A7jolok. A= oluA] 9] kellA
ofux] &9 iz o|E w o] &-E (transition probability), g, = I
UX] 28] kellA <] %71” 7 &2 (statistical weightyo T, o] 25 A, 9k
BA 7V gaz vImET71$917 4 (National Institute of Standards
and Technology, NIST)Oﬂ A ﬂ]*] 3k aks ARESFITH29,30]. B
o171¢ ”H iz F9, k= B2 A5R(1.38 x 107 J/K), T
AALE, o= 2ot

Fig. 4= t7]¢} FE-DBDS] 3] A=-& T3k 5247
Z¥z} PTFE, PDMS, PET o wf of 2] X gtella] Bt Zef=rte]
Boltzmann plot©] T}. Boltzmann plot=>- FE-DBD & 2}2w}2] OES
2SI ERof| A Aaire| sdsh= 317.7, 340.8, 345.1, 359.4, 367.6,
377.6, 383.0, 393.0, 397.7, 404.7, 431.9, 441.3 nm ¥-42] 3|35

R A g Felent 435
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Fig. 5. Electron temperature of the atmospheric pressure FE-DBD
plasma as a function of voltage applied to the powered elec-
trode. The flexible dielectrics for the powered electrode were
PTFE, PDMS, and PET, respectively.

wjato] 4 @ Atkslo] Airt. Fig 4] FAIAS] 787 ]
ARLEE A& F e, BE % A 2] &7 A% (regression
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Fig. 5= th7]¢} FE-DBD 3] A =9] 4421412 2] 519S
o sk A=l QI7Fsk= Kkl W Eopzme] AR EE Ve
Wt} 37H4] 49121 2 (PTFE, PET, PDMS) 2% A 4o 6 kvl 4]
15 kV7EA] S71shel] et AR S7} 1 eV F-2ollA] 3~5% =
v AISHAl 18I ol W=he] 28t T tha 2l 7}
9)71%= A% DBD Al 4Bl 612 kv HqFo 2 A s Zapzn)=
B Al AR T} 1~2 eV A Eo| 2 Aol whE AR =l W
37} wln|shehs Bare} v]5eahh30-32]. 3H, Hgto) el et
Ze}znte] MARLEE PTFE < PDMS < PET %202 7514 o] =
Fig. 3014 UFERA OES A= E 9] A 9359 nm)2] 417] W
3k eAlelh ek 5, 27 AgtelA 1‘4171 ¢} FE-DBD Ze}=u}e] 2

AT FYHAEE AR FAFAA S FH 80 45
S7FslSint. FH4eo] AdTE ‘?'ﬂLE] Agto] B 37 FAE o]
A7)Ae] A7)7F 57}3]{_ Roz A QrH31,33] Wk 3¢
AEE A= & xﬁﬂ,] Zxggko] 22 Zglznlo] A
Sl ‘7P°}°ﬂ4 ol f11= 7]ute] t)71%k FE-DBDeIA
T AZE LA ER= 8-S A 9 TF9 A Zof| 01 7F= Ak
280 2 Zelxnl EAL WSk 5 9leS ou|dit.
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o t 15 H r
- iy - t - T,
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5L ¢ okv ¥y sk« 9kv £y sF « okv ¥
12kv i 12KV el | 12kV 18t 1
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Fig. 4. Boltzmann plots of the atmospheric pressure FE-DBD plasmas having flexible dielectrics of (a) PTFE, (b) PDMS, and (c) PET. The
voltage applied to the powered electrode was varied from 6 to 15 kV.
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