12) 53] @ g x4 93l FNE FAE
~.
A =
(19) A A A 4 A 4 7] | A Y0 0 0
= A A= 2 ZA AN
%ﬁ 10 F/MNHE
2021 »4(33535(’3509 2021) WO 2021/172686 Al
e VI WIPOIPCT
(51 FASHE (74) W2 Ql: EFYlr|go]® (THE WAVE IP LAW
HOSF 3/06 (2006.01) HOIT 23/00 (2006.01) FIRM); 06194 A& A| 77 2Hd 2854 32 8%, Seoul
(21 FA=YAE. PCT/KR2020/013948 (KR).

o B AAT (Hxe] A7 e g 7hes B 579 =
(22) =A 2020 ¥ 10 ¥ 13 ¥ (13.10.2020) ) At)e] 152 9akel): AR, AG. AL, AM. AO, AT.
(25) 99 Sh=of AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ, CA, CH,
- ) . CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO, DZ, EC,
(26) T Aol EE, EG, ES, FI, GB, GD, GE. GH, GM. GT, HN, HR, HU,
(30) SHAARR: ID, IL, IN, IR, IS, IT, JO, IP, KE, KG, KH, KN, KP, KW,
10-2020-0022412 2020 ¥ 2 4 24 < (24.02.2020) KR KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME, MG, MK,
N 3 MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PA,
7D 24U<l: ojdsiels F45A (EM CORETECH PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC, SD,
INC.) [KR/KR]; 44919 £4FA] £ %S #4 SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ,

2EZ 50 106% 504-13, Ulsan (KR). 24F38}7] UA. UG. US. UZ VC. VN. WS. ZA. ZM. ZW

<9 (UNIST(ULSAN NATIONAL INSTITUTE OF o T ’
SCIENCE AND TECHNOLOGY)) [KR/KR]; 44919 & (84) AR (E=e] ZA7Ffle & 7bs e e T/ 9
AHA] &t Ak 2 E4 50, Ulsan (KR). W Aol B35S 9f3dle]): ARIPO (BW, GH, GM, KE,
w . . LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ, UG, ZM,
(72) 2 A A4 9 (JEONG, Sang Yeong); 44919 £-4HA] & ZW), &2k A o} (AM, AZ, BY, KG, KZ, RU, TJ, TM), -7

Tt A%S U2 EZ 50, Ulsan (KR). szliL (KIM,
Jin Gook); 44919 A &4 9%k F- U2 EZ 50,
Ulsan (KR).

& (AL, AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MK,
MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM, TR), OAPI

w0 2021/172686 A1 |0 0000 KRN0 O 0 0

(BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, KM, ML,
MR, NE, SN, TD, TG).

(54) Title: LOW-VOLTAGE PLASMA IONIZER
(G4 L A AAYG ZTF=A} o] 2ol A

(57) Abstract: A plasma ionizer according to embodiments of the present inven-
tion enables easy use and design of an electrode and can significantly improve
the performance of static charge elimination by using a slot electrode and various
configurations thereof. In addition, it is possible to implement a plasma ionizer
capable of igniting plasma without inert gases through various methods, for ex-
ample, methods using additional stimulation or materials.

[5:13]

30 —

Microwave Source

(57) SOFA: B drie] oS uhE Eepzrl o] ool el o,
SR (Slo) 4 9 ol) B v & ol $eed A5 folaA ol
BAT o, AA S H71 4 08 GPAZ F ek e, 744
Ao} RS ol g3 So thakel W& Fo) B4 VA Qo
Eepzel Hsptbe @ Behzvt o o1tol A TS 4= alvk.
(ohe % A%



WO 2021/1°722686 A1 | [0 00 00 00RO 0 OO

=70

—  FAFRALE A &} A (FoF #2172 (3))



PCT/KR2020/013948
gz} o] 9 1}o] 4

=
=

1

%49

J: A
A A 7] (0] .1}0] A ; Tonizer) & 3-7] ©] &L 0|83}

FARA, A T 5

7] & HoF
| 47 &

WO 2021/172686

[2]

—_
fite]

it

7 $A4E

Lol A el =

3ole

ol ]
ol @ 1fo] Al 8} HAAA] o] 210l 2|7} ek,

[3]

he A7

[
H

gl

d el a1

A

-
1) -

Lol A= A7 A
Rk

[e)

.=

L

7] 9]

K

—_
fite]

o
it
i

X
it

AP o] orfol Az ] of

[5]

AL

1

T

o}
H

22je3
2 7

hyi|

T

T

[¢]

AL A
ban 317be] Al 2 gho]

ezt Aol 7h

[e)

Z]-
H
2z
=

A 27 A E A

17} 744
o 2
747

EAYA T

[

=

=

=

=

k]

],

e}zan}
N

ol =)

A

=

=
*n

2l

=

)O

af

)

1 0]

T
T .

15+ WA, RF(Radio Frequency) "%, vfo] = 2 1}

o
&

T

XAof <]
Frequency)
7pE At

i

PaS

ol
G
~

4

s

[e)

LN

AN 7171 o7

=

=

e

1o 3E
o=

9 o]

A

RdsS s

ek

3}

[e)

=
T

o] &A
713 A

A Aol 3t

Ar, He, Ne, Xe
1

1

Lo



PCT/KR2020/013948

WO 2021/172686

9]

1

=]
7_<O

1, <3(Slot) A=

5]

&

ol A 2 A2 ek 24

 F7hE e Aol

O
-

v} 387}

71 A glol =

s

22

[10]

hzzn} o] Lol A B A F

Zled A4

-
ok =

7}

=0

B

o] galo] ZefzntE gAY

)

A2

T .

T

Al 3} mhEE R

A1

T
T .

Apolol] 5L A & w5

=]
=~

1, £ 3(Slot) A=

Sjol Aol o)

ezzr} of

o w2 =

L=
=



PCT/KR2020/013948

L F7HA Q] A Folu)

1

T

22

WO 2021/172686

[19]

s ol T o T
) " o . z iy Az 5
R a4 B T 8 A ) ~ > o
o= M W 8 L 8 P o
. ™ - ~ o = o o a o N
o P T X o N % 2 2 X 0
—_— < ~ _ e for ~ | e —_ ‘s
B Kx o5 s =
L e e e T - - R I S I N G
Wy Mg TN o B F T o, - 3 XTT o
K = 9% gWwdT - wIwsw 2 I N 25® I
T 3 ¥g mh®E 3 goge®T L Z 7 JTe
xR a o o4®T Y mWgux F9 m Yy g
o > oy o U —~ fn B opn B v E =y = " N =
=y —~ ~ W T q il M 2 Y e i NJ
H = i m= =3 = NJ mjJ 1}, o0 - —
o N =FES 0w og¥ewy O ow W0 2
T = S R 4r O i N &
Hp el Ho Hu < 3 N m}) = H = T o My i W) < W Y V ME
B o aPg v xXxIgsl Fow Fglog
Jo s T o . e i 5| =3 = — =
~ ﬂl.m14 @dl.,»ko,»kob,\] T s d 5
N o MModﬂaE1 ]oomcomoc._ld. < ~ <= M ° =9
oy T T T X STy T oy o ey R ) A I S
s < <R Lyt E D W m W ome Wk w o @ e W oy
KH o < WM M_Al " K 3 o ) M_Al 2 uy 2 uy < X° M m}J E o W M_Al E ‘B -
wr,mm I zoEEleiLiiLin_.o ) Bl w X Coalgiy
R A R A S i N N S NG Ty
] R ) R~ e o B = | K| K (s o S M m< 2~ 2 1
o) o © o o D K S T S 1T TR m m a m ] S <k
el ﬂ-.._ n 1o = M= n = & gb % g & m Guld Guld W ol 1 A 14 B
o i iﬂigﬂo iEﬁEﬁEyutdl.utdlwmoutiuiu_%
T N B at B ol = of K N o/ ol TK Mo TK Mo K S o T o T 2K ol ol mK ol LS s
ﬁdﬂ%%kmmﬁ%ﬂﬁm%%ﬁh%&%%mmm = Sop o X 3 = 4 g
=B o< T TN R YR Do B ® o 2o %o i
R W< o X W X X Mo By By T Y
TG RS B R S S S Y Y e L
=) ——— ) X ' o e~ ) o =) — N o _
S g9 o g d4 a4 9 a a4 & o 9o oo 09D

% 20 thE

Eay
=

ARA R A, ]

1

ko)
-

[36]



PCT/KR2020/013948

WO 2021/172686

KeN
=

Fo] 4] Al ZH(Decay time)

D

of

L=
=

19a 2 & 19b= 5 6 2 & 139] A A4

-
U

[38]

=
M
B

i

&

W

=
M
B

i

&

W

HHe FH

A%

o9 ANE

Y

2} z2n} o] @ fo)

AL
=

p=1
R

Al e of]

Foz
SEES S SR

PAR
o] g-5to]

& X3l

=
e
o
o
il
5
d.}
5 9
il =
!

ol

Wi

—_
fite]

ol

A
ok

bobol 4

D

o|n) 7} o] e}

Al A gl

B HO
IR

b5ttt of
@_
7HA el &

o
s
T
T=

le
2
% 3ahet

A
)
Fo] A el el A,

-
o
T
3

TRALATEE

A 827 2ok 7

T
T=

b= AL ol

bl 74 £aEol 71 2717} 3

D

5

] 2] v A

(@)
L

-
[€)

T
T=

EAE
L o) A

Hel S 9

i

9]
Siek. el ziey, wel A el 7 P el 27 2 e

Sl o] & YEp gL

=y S
1. =2

3

Hel S 9

ir

= el

at
o

i

&

W

Z g} z=n} o] @ 1}o] #(Low Voltage Plasma Ionizer,

Al el ol] uhE A Q)

1 Al
=

[e)

[46]



WO 2021/172686 PCT/KR2020/013948

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

1000)= 37| ©] <

A 78k F o
A A Ao mHE o] 9 1}0] A (1000)= At FHU((30), A8 FF7](40), A =

1 71(50), 3 215(10) 2 A (Fan)(20)S £3+3k 4= gt}

79t 33 ¥ (Source Generator, 30)> Eefznt A Ao B agh A7 4 A&

Q/EE S BAA A = ok A T3 9(30)2 RFE(Radio Frequency),

n}o] 7 2 3H(Microwave) 2] A2~ A 7| (Source Generator)7} & 4~ AT}

A9 FF 7] (Power Amplifier)(40) A &5 B0)olA AAH AT D/EE=
ASHS Zefzvf Aol TS AHE A LS F3FEAZ 4 )k EH I
LAEEA] = kAR, 7] A TG AY FE7](40)E TH 9
AR 2A FE[E Q)

72 -l 7] (Power Divider)(50)F= % 3H= 3 %134-(10)7F 9] 32171 &

= A9, T X7 Zh 2t A S et AEe 4 vk

>
ol
ot
ol
»

>,
2
=

whebA] AE 7] (500 AEFE 5 gl

(Resonator Module)(10)+= A 3 A@O) 2 HE A H Ao /0=
Fhleto] HEA o= aa]rz‘j}ﬂ A ] =

Boyell o 3l Ay = = A7) o8l 7L Gl

A& o] 2 Z}(lonization) 3| & et=ntE WA et ), o] d

AH(Neutral), & 7] ©]<>(400) 2 Z Z}H(Electron)E Y. 5 X 315F= 7@ 9| v &

1T}, olst, Zefzute] F7] o] & Eefut o] 2(400) 22 W ste] A

o
2
—{E

O

o o
rUfU (o, mlo

1

Wrr

‘

%%Wﬁ%ﬁ

@42 F7 7| (Resonator) & X513 =5 Q)

U ZF 3317 FEshE €% 6lons s 552 ¥
2715 E&sh= 49, ol ol x1(1000)4 G
Aol Ao}, T 10yl ot = =5 =28 B9+

& FAR(10)o A A H Zg}2u) o] 2(400)S o) FA] Y] 7] ¢ et
J3t = ok W20yl of sl Ak vhgtel o &) 3

Zd= H Al 17P oFalf %] A vt *E}HL A= HW%M %;H, & Z13-(10) 2]

1} #Heto] = TE=6l= & 10 WA
12011*1 =] *Ml 31 A ‘PE}. Lﬁ&, Jﬁj(zo)t =1 Zéﬂ} *MLO— A3l 7 H

3
e
o~
[\ @]
2
o
:I:ﬂ
_’,
W
n
%0
s
b
o~
[\ @)
L S
L
s
:I:ﬂ

ok
P2
—{E
S 3
é
o
)
o,
)
il
o
1
=
o
f
o~
o)
9
[‘ o
&)
™
&
=
"o
g:
il
e,
035
ﬂd

1 EUdOU gt ARV E = Xﬂﬂ% T 3
2

A 10y} -4 3 el eel] #afo] At &=
2= = e A AA o 2 FAFA0E o A 08 EAE et
ol st M=, & 1 3-(10)7F 2] = &-3H(100)& FE sk A5 FX71(10)=



WO 2021/172686 PCT/KR2020/013948

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

6

T2 71(10)= F53(100) 2 F53100)°] A4 H A% =4 300)5 £3-8 4=
=3
FEIH(100)2 o] ko 2 gy = gk o] AW (S, FHRESHIY 1
& Aol ThH(S2) F Ho] WEFo 2 A Y= £3(105)% A3 o Uk
F(105)0l o 3l F<2H(100)2 AL A=101) B A2 A=F(102) 2=
9}4. ChAl e, Al A = 101) 2 A2 A=(102)2 E3(105)E& Abololl Fi A=
nh R A 4= ok Al A =(101) R A2 A=(102)9] A oli= Ak
S d10)ol A HAsH= AT o] st 149 vld 5= Utk & 20 A=
d%‘é(lm 102)9] o] 7} waQl AL o Al & E A5 T}
F(105)9] F(x)2 F 10 m WA ©F 200 Y 5= 2o, A ol = oF 100 i
9}04 ool &4 =+ =t}
Bk o] A, F4:9H(100)0] £35(105)°) 28 C8 3 F-AME oz iy
£ A2 Eof Ao, £35(105) 2 ool o3 W=+
7H(100)9] & Hi = of el W@ﬂﬂ %=k
A% A4 (300)= £5(105) 9ol Zef=nprt A E 25, A 352 30)7
o.] ;ﬂ%L 51:1 OJ(?)O) e} E—TH tﬂ—/\g }L‘ /\]E 1:'1/111:b ;ﬂ%‘r%
o4 ok A £x41(300>t AE FZ7]40) L= AE X 71(500=
& A FFA@B0)l AAE 5= )
A(300)= %:&(100) ol A At 3430yl tate] duH
= A Mol f A, FEIA00)H A4 B 2 AoRr dddE
E} AE ZAB00)= AL 5@ 27 EH T35 4
(1/6)°l ti3te] 50Qe] I HAE 7HAEE JI) W 2 vl A H M)
%= 4= 9l
T4 (100)L A1 HED L 12 THE2)9] & &
S 3(105)°l of 3l 7HHbE #] 8- #H| & ko] AL, A2 ¢
Bk e 5= ok
=4 3H100)9] F A=(101, 102) Aol o] F1E1 &32(105) el = A E
LA G0yl o8l B E T AlE WEE gkl o8l Eek=rh200)7 A E
CZEETH200)= F53H100)2] A HRHE2) ] A E 5= 9
Z22rH200)7) E3Fel = Sk En) o] 2-(400)2 A H B9 E‘?i(60)

i&

2

4>

LS = ok Al HHED S
(E2)-= &352(105)°1 <] 3f

N

ol ddte] AH7IE A AT 7 vk & 20l o AR A A3 o],
Eohz=nt o] 240009 A SH7F, At =2 | 3 (60) el A stet
Ajste]l AAVE F3H5000S = 3

TAR10)7F B2 F43(100)S ¥ 8F5= 7 -$-(Multi Slot 1-%), H579]
FHEI(100) A7 FE T FER100)F AEH R FAF TAHY
E=3L 0l UrOVH Brh A Y A & 2ATE Ao o
L2 A et Y8 S5 E 82 AEs Aty (hd S
©3& %%3} 4, o] Q1o A (1000)2] T4 2.4 F At F5U30), T

!

!



WO 2021/172686 PCT/KR2020/013948

[67]

[68]

[69]

[70]

[71]

[72]

[73]

7
3 A20)0] LA FH o] ATk FX7](10)3= FE(100) R olol A H A
T A (30002 £33 5= 9t}
At T3 UG0S AE

SAG0E &8l 552100y Eetznt A g

A2 (Y 2, vhel ARIHE FHD 4 T 5 30 A, A X A(300)7F A Sk
THAE0N #HH AdE Ao R VERSI o, Bk 2 Hl T A] o] of
¥ = A2 oY1, ¥ & Bl EASHA] = AT Ak T4 30)T
A& = A4(300)2] Ale 1 of A&3k A FE7](40) L/E= AH a7 (507} ¢
A3 5= .

FE3100) 2 W20)2 321 T Aol A Xy HA I yshA e =
=: O

Sl 25 e Aol he o

=& I100)> & ] A4S GRS HI axbshE §F o] T (S2)E
kel = 9l o3, A &3] = W 5 S1, 82 2472w L b 9
AGAE o5k Aoy, AT o] HE sl A& Akt A,
o R g st 4= Qi) 3ol A= A el Aol E s A E
W R(S2)yS 77t shA RE A SFRA T & 39] A Aol A £ 3H(100)> XY-1

B

H
H el fIAstm =2, S 2 @ H(S2) B XY HH Aol 9 x| gkt thA
whafl, 5 39 A Ao A FE3(100)9] HH(S]) E ©HHS2)S 5 XY HH

sto] 0% ()2 v X f T}, o] &F -2 A Al o] = & 4dell gHEFS] A H o] 9

W20)2 XY HH 7 HaP ek A1 HQ1), 2 XY HH 3 HPshar A1 Uq(Ql)ﬂr
nh R = HH Wl A2 HQ2)E X3S T thA] Fa, & 3004 Al
HQD #2009 A, A2 H(Q2)2 M0y st d 4
HQNHLZHE] A2 H(Q2)Y sHE-& &l Bolyrb S AT 5= 2
=4 32H(100)2 (2009 A1 HQD Aol 1A 4= v

5 4a A 5 4de= B g o] A A A oo rhE T4

zz
ﬂ
£
(S
2
rlo
2

AAF O B A E F & A el A vleh ZH R Bl S
% 4a WA & 4de] 7 A A B0l thEke] 73] Al {H(Decay time) S =4 3
Lo

wE¥100)9] AHASHE XY Gl thEk HARO1)(o] 8t
g 3to] Ar st 4= glv))el whE F4:3H(100; 100a, 100b, 100c,
100d)4 i%+%°l LA 49 ZHEEL2 Y Wk A ufak
SR L 5o R 4di= 2abE 0 =2 R sDel BAHe1)] 905,
6OE, 305 R 0=l AA A& =AIRTE & 4a W A] 5 4d o] A AT el ol A
H(S2)9] XY Fdoll thak FA02) (0l 8, A2 A7 o' g stel A d

T Uth)& EF 050t

Zh AA e Eoll A FE32h(100)0] 25 W EFo = shiioll = Al ds& 546
13+ CPM(Charged Plate Monitor) 7] (61)7} Wl X] = o] At} CPM %] (61)=



WO 2021/172686 PCT/KR2020/013948

[74]

[75]

[76]

[77]

[78]

[79]

[80]

8

o H&¥(100) 227 Zefz=nt ]*Q(400)°] LdehE ZHolEE 29T
t}h. CPM & =](61)T 74| Al {HDecay Time) =74 2 -3

L}o] A (1000)2] Al A A2 el 2ES 4= At} 4] A HDecay Time)

Kel

o

3o,

o] OUrOl 7<1(1000)°1W WA g o] 25 o] &3] CPM #=](61)9]
Z# ol E Aol Lo =2 QI7FE AT 7} A A E = A HE S48k ol o
2, Z27] A oF 10% o] st 2 Hol A wj7hx] o] A& iﬁﬂ T At
%52 % % 5b ZH7E 1 da W A] B 4de] 7 A Aol &l tste] 27
4RO E +1000V, -1000VE Q17HFSS w9 7H4] Al ZHE, 242 +100V,
-100ve] xSkl & wi7bA| o] A 1h EES EAGE 18 e ot
T42(100)2] A G CPM A (61 EHlo]Ex= 1] d T o] 4 H o]
At & o), &= 5% doll wE 4] Al {H(Decay Time)S =7 ¢F 12| o]t} A g
d= Fem WA 74 em HA Y 7 Ao, ofof] A E A eFe

%522 % 5bE Fxehd, A A o ® Al AARZHe1)o] 0= HH Zha] Al Zkol
7H 2ot 3 & 3(100) 9] A (S XY SFH 3 G 5 A 9 X5 A Aol 7}
A Aol 958 A& et = 9t}

TR R, %522 & 5bE A2 d7F &F 10 ecm WA 2F 20 ecmQ 74 -5, Al
ZAAZEHO1)°] 05, 905, 605, 30591 oA 2 Al A A 5o -4 4= 3l

53], 5= 5a9] Z7] Aol 41000V 49 d7F <F 10 cm W, 18] 31 5 5b2]
Z7] AAste] -1000Ve] A 5-= d7F F 20 em o, A1 A AFZHO D] 05
AN 7F & *W o Eof B3] A Aol HA 55t} A ol 2, It 529
35 d7F10 em W, A1 BAFO1)°] 051 A A o o] Zha] AJZHE oF 1.7 WA
1.8(3%, sec) &, A1 AALZHO1)°] 305, 60521 A A] o]l (k4] A1 7ko] oF 2.7 WA
2.8(sec)) ¢} Bl st w], oF 30% oA AAH AIZFS YeRIt) = 5b9] 7§ d7} 20
cm "], A1 AAFZ01D)°] 0520 A Ao o] 7] A7 oF 2.5(sec)ZE, L A]
A & (A AlgEo] oF 4(sec) A2 S ¥ vl e o], °F 40% 7 AH
Al ZHE YERd T
Sk, FE53(100)8] FHSDH2 059 Ao, S XY HH

a5HA M= 1], o] L 1}0] A (1000)2] A A Ao 7hA £33 5= 9o} 1
fr T st EA, Eefznprb b A o' fA kil 7 S o, Al
AFZHODO] 0% Wl £3(105)° AR Eefz=ntrt upgha) sheks= w2 o
?gk

o]

as

2 o Je S )y ox
o?.i 1‘0 N

—

o
N

3

1

N oY O of

4 w7 gl Aoz Ayt 4= glr)
5H =6 LHX] 5 0bE AFESHe] U E A A A o of] hE F23H100) 9]

1_

D'J_Xi,E6 HHLHH E}—E— NAM] 1 = E‘rzn} l Lol A o 4=
3R A O 5 EA|gE ARA| ot} 52 69 AL A] o] o) A £ H(100)
ANRO)C.ZRE A8 hihE o] A ¥ XY FH(XY-1HH) Aol A A ESHS
2% FEE FA8EAL01=05), @ R(S2)°0] XY-1 H ™l tlsto] 0oz 7}



WO 2021/172686 PCT/KR2020/013948

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

180°1| 7] ZAAMZFS- 7HAI 5 v x| E 4= At} & 6ol = A2 A A 02)0]

A A&l tfsto] 7H4] Al {H(Decay time)

L 7& Fxehd, %:%(100@4 A (S1
051 AAJel(5= 3)7}F = A ¥ o] ST} o] & ﬁP AAl ool thste], & T7at= Y3
whakol A vhef S R E A XL%(SDA AR O] 0% = i A ¥ 51, & Tbi=
XZ ol A nhehd SR A @ (82)9] A (02)0] 05 =2 Al x| ¥ o 9]

%88 Fxahd, F53100H2] A (S ﬁA}ﬂ(eD# 05, ¥hH(S2)9]
AALZH02)> B 90591 AA] o 7} B A[E] o] 9l o] & g A Ao o] thslo], &
8ai= Y5 W ol A ulehE SHEEA éi(105)e F9b8hE 7 53(100) 9]
F S B 5 oL, b= XF Wkl A nlehE S n e A v (52)9]
AL (02)°] 9052 FALA Q)

922 S 0b ZF7F2 W 7a WA & 8b 52 AR tHE A2 %A}ﬂ(ez)e 7}A) =

o Eof] thate] 27] A E +1000V, -1000VE 21718190 & v o] 7+4

\_/ mlo

|1j _[N,
s
P
ey
o

j
b= s, thA 2 0 2 A2 BAF(02)0] Bl 25w 74
2o}, F4:¥H(100)2] B (S2) XY B ol thate] A 55
7} A ﬁ /KOLO] ‘l‘TﬁL AL 0 ﬂo]ﬂ 2~ o]u}
Ao, 592 E B oS Fashd d7b oF 10 em A 9F 30 cm 3 ¥ ol A,
AA(02)°] 755, 905, 01291 =AM 2 A A g ol - = 3l
E3], Al d Asel FHelA, 5 9a9] Z7] F7gte] +1000VS] A 4= d7} k12
] °F 30 cm®] W7 B8 8tar, = 9be] Z7] BAte] -1000Vel 7 §-3=

d7F °F 20 cm WA °F 30 cm @] HA7F Fel & 5
T8, F5-3100)2] T (S2)2 0% 23} 905 H] qko]l HAMZH02) o7, =
Y ol thate] Bl 2538 A WA E o, o] 2. 1o] A](1000)9] Al A A 5ol 7HE
T2 g dvk @A) AAH02)S SA5HE 7= 4o w905
1805 H Rl W & 7H4 =5l

1ol T St EA, RS DY BA O] 05281 A5 A de& Fovt
Zdtzntrt uhgh o] J && Whol 1 A 7| 7} ksl E AV A3hE THeAd o]
EASE R, GH(S2)& v AFaHA WX & A9 EefzntE Qb A o 72 {-X] 3
F A7 e AS E

Seloll= ﬁﬂ‘rzﬂ} o] 21}l Xi o o1 M, RF &etz=ntE AAAZ 49

>~

7] A= AdAlel o el ol AT ol ell, 2 W ol M = 3105
e FER00), 5 EF AF L A8l AT o) 8 8 AAE Folsta
A 2 4 vk A g kst o), &R A (10002 RS B EH(S2)]



WO 2021/172686 PCT/KR2020/013948

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

10

AAFZHOL, ez)e q_o]:o}ﬂ] ZA ko] w) X3k o 2 o] Q 1}o] #(1000)2] A A
_]

o] 3}, X 10 LHZI T 1262 A}ﬁo}ﬂ A A A] ol of] whE FZ:7H(100) H(20)2]
| ] of) w2 o] @ 1}0] 2] (1000) 8] A7 A 5ol Tate] A st} o] 3, A< gt
W8 T8y = W8-S Ay g Agst Ay 1hds] 3 5 9l

T 102 2ty o] A A A ool whE F43(100) 7 #(20)2] WA E EA g A
SHnE, %(20)01 75 OB F43(100)°] SH- (= el f1 A5
= (o]

131, 5 112 H20)°] ZF WF 2 & FEHI(100) 9] (= bl
Alelol et s34 2H(100)> X% W akoll A B9k ) Whi(s2)0
B 2258k A] WX ¥ o 1AL, 4:2k(100)00 = E2k2=rh200)7F A H o] 9lg
1
L1222 5 12bv= 72 2 10 E = 119] AAJdE(01=0%, 02=755%)°] o3}
7+2] A ZH(Decay time)S 46 18X ot} & 12a E & 12b5 F&E5HH,
#A(20)°] FZ3H100)e] Aol X w2 10) 7H4] Al ko] o] ZHA] e
AR Asol o S8 21s F1E = Ut ol= #20)2 A7), ThA] Ha
#A(20)2] A2 H(Q2)S &3l Eovbrbe vighe] M7 7} Fd itk 744 Sfell,
A0 Al HFQDHLERE 43 3= vhghe] A7]7F A2 MQ2) L= =ourhs
upgh o] A7 Bt} oFshr] wiiEoll, J<3(100)0] $(20)2] Ardol] =] 3t o
Z2+2rH200)7F vlEe] JES @ why] Q] Ao st 4= 9l
o]}, i 13 WA & 182 AL-g3lo] U A A o w}—e« o] Q1}o] A o] HE
£ F(Multi Slot) T-220f] #ste] Awd gt} o]3), A=k Ul &3 F&55] = Y82
A g Aerst A 1has] 3 5 gl
s FAes Aye 4 9l ol 8t
EeF=vh200)7F B | - By = .
132 2y o] v AA o e upE Eepxn) o] Qo] A

[u—
[u—

—|—‘ 00{‘

=% %‘_ ol =3} BlaLstel 54 o] ¥ 5=

= o 7=
3k Ao = E/ﬂ SEARAI R A, 27 o] FE e E3elE WE] &3 e d
o o] 31, = 14a ¥ I 14bi= &= 139 o] QoA & A5 L ol A vpehi
BHS Ao CAIS AP o)1, B 152 D B 15bE 2 g o] thE
A Aol o] W o] Qo] A & YZ HH o A viefi A S ot}

%132 F2EHd, o] 2 ubo] A (1000)= Ak 3-(30), A EH ¥l 71(50),
FTHR10) 2 #HQ0)S £33 5= 9l FHF10)= 2709 F43H100; 110,
12008 £33 5= 9lt) & 139 A 8FA] = kA vk A el A o 2 Aok
THAGOI A Ful71(50)2] Alelol] Ae F2E7]40)7F o A= 5= Ut

Ae B 7](50)= H 59 F43100) 2zl A E S Fulste] e 4=
ATh = 13904 A E Ful7](50)3= A4 EA4(310, 3200F Z-8f 271 9] F47(110
120) Zt2}ol] A= & Wnlsto] AEdd 4 o)

LS

T

l"@r(lo)% 270 2] F&T100) 0 B A1 FEuH110) D A2 F23H(120), 2
E(110, 120yl 12 % A% % A(300; 310, 32005 556};%# A

ald
A



WO 2021/172686 PCT/KR2020/013948

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

11

Al FE5F110)E 329 A1 AASIE-1, SIm-1; S1-1), 3 2] A1 @3 (S2-1)
2 EF(150-1)2 25T 50 ot A2 7 E3(120)-2 FF 2] A2 A (SIf-2,
S1m-2; S1-2), &+ 2] A2 v (82-2) D 3 (150-2)S 383 5= gk,

Al FHE53(110) B A2 T523(120)2 XYSF o)A vlete v A& npfER =
Hi X2 = Qlv) FEE(110, 12009 XYSH WA Ao v x| o] #ato] =, Tt
5162 Sk o] Al A et

A1

= N %! .
v E110)2 A= F 3 Al1-1 FHESI-1) R A2 (S Im-1)&
(120)2> A =2 H 33k A]2-1 A H(S1-2) E A|2-2

gt =
A (SIm-2)2 E35He 9= gl )

olu FZAE(110, 120)2] A (SIf-1, S1m-1, SIf-2, S1m-2)2 XY 3 ol
tiake] 0% o]/ 1805 W[ Rke] HAMZES 7HE 4= QQt). thA] 2, 54 3H(100) 2]
AW EL XYyHHI F gk G Aol YA AY, XYH W} 05 237} 1805
nRke] AALzbg 7hA 4= Qi) $HH, 74 3E5(110, 120)2] ©@(S2-1, S2-2) 5%
0% ©]/ 1805 v qhe] AAMZME 7HE 4= lrt o o2, ©RI(S2-1, 82-2) &
Ao shvhi= XY HA o) 3 g Jl 7} 0oz 7} 1800w vHe] HAMNS 7HE S
ATE = 130)+= 5 ©@H(S2-1, $2-2)°] B5 XY H ol thale] oF 605 2
ALY S 7HA = o 7F A o] Qi)

% l4as= o] Lol A& YZ B H sl x}eh= k(A o &=, X W, o] 8 1hetd]
YZ ¥ weFole} o o lrh)yol A uhehE SH o)A, & 14b= XY HH
A AFEHE WY o 2, 7 W, o]sf hes] Xy H i whakolg) 3t 4= i)l A
uhgbE AH Eo)th & 14a D ¥ 14bE 3 F e, Al 34 9110)9]

g

=
- 1
HH(S2-1) 2 A2 55312009 B (S2-2)-2, Al 1-2 A (S1m-1)7}F A2-2
A (S1m-2) 7k Al d)7F Al1-1 A (S1£-1D)3 A2-1 A (S1£-2) 7+
e](d2) B @55 AARA A v x4 = vk

%152 2 = 15bi= - o] thE A A dof] mhE o] . ufo] A & YZ S H e A
vkl A S ol Al T4 (110)2] Al ©@RI(S2-1) F A2 75-3H(120)2]
A2 T (82-2)2, Al 1-2 A (SIm-D) I A]2-2 - (S1m-2) He] Al d1)7} Al 1-1
AW ST A2-1 AR (S1£-2) 1Ee] A2)(d2)ef =5 AAX A w22 =
ATH TFA] e, 5 15a = 5 15b9F Eo] F F53(110, 120)0] YZ 3 H o] A
vhehs o) g ek o 2 HARR & v x| = 5 T

% 16a WA X 16ci= & g o] 27| th & A A oo & F &3] v A & XY
H ol A vle}E- T Lol T

% 16a WA & 16cS F23HH, 34535110, 120)2 =2+2vH200)7F A A #
A2 WHE2)H 7 BF @l A1 WHEDS E3H8a1, A2 YHE2)-E U Wk 169 A
X WaF Q/E= Y WEh e 8 A2 vl R 2w ) 5=l

%1620l 5 139 A o 9] BT EA H o] Qi) & 16a9] A A] o o
o3, F4FE(110, 12009 A1 HEDL M20)2] FA4A(CL)ol thate] o
WEHE 1604 &= XWah o= 2 Fof x| E 5= AT & 16be] A A] o<



WO 2021/172686 PCT/KR2020/013948

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

12

o3, F4FE(110, 12009 A1 HEDL M20)2] FA4A(CL)ol thate] o
RS 1604 X ah o= A & o) X E 4= AT 5 16| A A ool
o3, T IE(110, 12009] A1 WHED) H A2 E2)0] ZF A A (D) ol
AXS =S M X2 5= ) o], 54 3E(110, 120)9] Al THED-S H(20)<]
4Lyl thate] o Wk 16004 X ahH o8 A= whtf ol njx]d
AUTH

A Al o] whebA], FEIHE(110, 12009 DHA(S2-1, $2-2)-2 XY HH 7 H P gt
FH Aol AT 5= Qo

o] AFoll 4 AW 3k FETE(110, 12009 AW (S1) H/EE= v (S2)e] A& &
Hj x] o] k& A Ao Fof] tsto], o] 21}o] %] (1000)2] 4] 5o] A-3H/3 7 o gka=of
HAZE E5, & 16a WA = 16c9t 22 5 5HE(10009] XY HH o= vl
cheret x| 7k ther et 2o 2 489 4 9k & 16a WA & 16c0l] HE
T4 IHE(100)] XY HH O 2 dfghE vk v x| = &8s = 170 &
=& (100)°] 47091 A A o] R of e, B 4=2] 5 E3k(100)2] ol
glol Adgt x3o=w 484 ¢ 9ot

A% 4310, 32008 T3l 247l A2 H 53110, 120002 A9

1

= e
8 AR =2 A, 47 o] & ahe ek HE &3 T
182 % 179] o] Qo A & Ao A ufelE B 5 e o g

(F'%)

Wi
B
(o,
)
o
il

g
)

2>l
o,
0%
(g R
brt
©

(e O

s

1 , 0l 2 1}o] A(1000)= A ST &3H30), A= 8] 7](50),
TXAF10) 2 #M(Fan)(20)= 38 = A1, FZ2H10)= 4719 =45
% 7

3100 4749 747 3

H

Al FE433(110)2 71+
Al4 42140002 W
Aeia o= At 3519(30)
AAE 5= ot

A= 2a71(50)+= A S =4 (300)8 el A
=4 3H(110, 120, 130, 140yl A =& #-H) st

474 9] 3423110, 120, 130, 140) ZH2h- 4 (S1-1, S1-2, S1-3, S1-4; S1) &
A ) s AbshE Y (S2-1, S2-2, S2-3, $2-4; $2) & X33t 4= QT A7) 471 9
FEF(110, 120, 130, 140) Z42H2] AR E(S1) 1= T E(S2)2 05(°) o]
1805~ W Rke] A& 7HE 4= 9l

7He, Hrae el s E(110, 120, 130, 140)<> 212 A 5 33 38 sH A (S1-1,
S1f-2, S1f-3, S1f-d; SIHF} A4+ A (SIm-1, SIm-2, SIm-3, SIm-4; S1m)-S E 3}t
T ok A A (SIm)S sHE A SIHO) tiske] 4 AR E TR

3
2 Wl 71(50)9] Abolell M # F£7](40)7F U]

=



WO 2021/172686 PCT/KR2020/013948

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

13
W (S2)9] AAFZH02)E AT 4 AT} = 1790 = A2 A AFZH02)0] of ZF
7120 =2 9F 6058l ol & A oL, A2 HdAFZH02)-2 o of] $HA B A] e =T.

(@]
%182 A FxsHd, H4o 3431002 XY HH o & vl s ] 5429
H100)2] %ﬁvg—(sz 1, 82-2, 82-3, S2-4; §2)&, A & v} H = &k 49
2= 371103} 130)(1203F 140) 2] A A (S1m-1, SIm-3)(FE &= 34 A (S1f-1,
S1f-3))0] A = dhol] Whafol] Y x|et a5 vjx|d o= v} 7Hd, & é =(110,
130)2 M & v E = Al 453011003 A3 F353(130)9] 34 A (S1f-1,
31f3)o]XHL8ko§_/\1§_ Hi) Z0]) 9 X5t % 7:1/\}7\1 2= 9t} & L=,
TEIE(120, 140)2 A 2 vl 2= A2 355312003 A4 7 553140)9] 31
ARASI-2, SIf-4)0] Y WEF o = M 2 dit o] 9 x| et a5 HARE ol
A ool whabA, Bzl F43H100)2] W E(S2-1, $2-2, §2-3, $2-4; $2)2,

M2 v E o] FETH1103 130)(120 140)9] A 4 (SIm)(FEE=
onr AR (S1D)ol A 2 & kol At S i E 4= 3l

T FEA(100)2] TR E(S2)9] A2 ol ol FHA ¥ A %—?ﬂ, gk 4o

(1107} 130)8] A7 A (SIm)(FE= 3HF A (S16))2 A =2 whel] waol)
L, UhE g ] S (1207 140) 9] A (S Im)(FE = B
Slf))% M2 AL ek H A8z 5, ol L. uhel #1(1000)9] Al - A ol
2 7 UEE o] 343(100)9] B E(S2)e] AAM e BAl= A A S
T 3
F(10)7F ﬂéﬂ E3E T
= HE = A1 1(Q1) 2 xﬂ

b JP}

L
=

L
=

01' d':_(

PN D6 ox do
oo % Eg ) JW
09; _ll*}

m*ﬁ-‘%

o
)

o1 7 -oll &=, $M(20)& XY Hdx} HaPatar =2
g, vhghe 4] Al WQD e R E

2

Ol\)
gw
@)
R
Mo
FH

7] A2 H(Q2)e FHEH-S & Bojyri, F535(100)2 #(20)9] A1
H(Q1) Aol 9 1%‘? 9}4 F475(100)0] H20)2 Aol x5t EE
W25 0 A, R h(100) Aol 44 H = Fezrko0)el 1] A= neel

AFe Fx3)ske] o] 2 uhol #1(1000)8] A A 5S H A 3et 5 gk
o] Aol A 1=, o] 2. 1}0] A(1000)7F HE] &3 F2d u] 27] Ei= 474 9]
100y E3Fati= AL oAl & sto] At e, 31 (10)7}F E3sh=
9l %ﬁJJr(lOOH iz ool 3HAH B A e =t
E19a ™ 219+ R 6P €5 A=) R = 13(dE &5
A Oﬂ%fﬂl thate] ZF4) Al 7H(Decay time)S A4 3}o] H]ﬂ;}zaﬁz 1t} % 19a
E 742 353(100)3 CPM & A|(61)2] Zd|ol E ko] kA (d)ol
FO = 747 20W, 40W O] HH & T3kl v o] 7.%4 Al RHE

J
& b

r_>4_
Tg

Z7] AA<SEo] +1000V, IOOOV‘?:}_ ) ¥5 e
= =S



WO 2021/172686 PCT/KR2020/013948

[124]

[125]

[126]

[127]

[128]

[129]

[130]

14

EXE e A4S *Bﬁoﬁ, l—f—%‘ Ol HeE TS TR Ay

% Dd_, o] . 1}o] A (1000)] T4 F A %%%(30), s A 300)

Znk200)7F A E o = =

2=7(100)2] & wHitol] nj x|

ok 4= Q) ;DJ_OH Sl EHA = kAR A B %(30)4 ﬂ*

1(300)2] Alolell A& FZ7] Qs Y o AAE 5 9

A 22 2K700)° < E—%(P)% PE}UJ_ P 2270002 G el A A=t

oh SHA &2K700)2] A w2 F x| E o] 9lar, s &2H700)9] BF ¢

H(100)9] = E}Zﬂ}(zoo)ﬂ g 9] = 9 2 ) mjéo]

ZH700)°] F=(P)S 715 X SR o =2 vkl

ol <] 3l Ea‘rxﬂ}(zoom b o Qdth o] A5, ol 2 7| A 59
Z1A7F glol & Eek=nh200)E A 3e 5 9= o] "ol

5218 A2, F5I(100)2 £E(105)S Alolol FaL M2 nhEH = Al

A=101) 2 A2 A=(102) 283} o], 753(100)-> A1 A =(101) 2

xﬂz A =(102) ZHzho] £53(105)7} 9173 aL, éi(lOS)oﬂ oafl 7l o] Sli= ¢

SNE,

>4

i

)

éﬂ

T
Fw
UU —E

R
N

fir
=
i
N

&

B oox
i n;

M 2 E& o s
e Ho
3 b
rlr
uy
iz
o
-
i) F
QL
z f

o.>L

= A
(E2)0) FE ¥ o] 9l B43(800)S v] E3Fe 4= vt B2 =(800)-&
:LEHJ]»O]E(Graphlte)% S = Sl o] &f o], A7 3_5571' l»_—'i%
(o]

2stol= ol A5E AT BOA a4 5
=22 1H200)2] A7 A $4(Self Ignition) & 7H3HA] & 4~ 9

olef o], o] A Ao mp=H, F7F2] QI X}J(ﬂ%, A= syol
Eﬁ/‘j %7\1£ o]_Q.;} /] q_o‘tﬁL H]—HJ 0 E¢H zzl/H 7] ;q] Oj\o]E %a]-zm}
A3}t 7hs gk Hebxnl ol vkl A (100005 73S 5 9

ol ol A = - kg of upghA gk A A of of] T dho] A oﬁ A eI AI T,
2 Al sk EA o] AA] of o) dA X ol s, AR ol A A gRekE
W o] @ X & Hlofo] glo] Tl o] &ahi= V] iobell A B4k %A &
7HE 2pell o 8l Th kgt A A A7} 75 g A2 ZEolal, o] el §F P A ES

4

l Al
g e VA AMgelu H e 2 R E A o= o ¢H5101X4*1% ot

Aol



PCT/KR2020/013948

15

T4

YN T =

=

=

e}zan}

5T
=

WO 2021/172686

S T ~
ﬂ _  — O_E o —_
e i X T 0 A
- ) = % Nooom Mﬁ 4 N
] A = W B o )
0 (s ! — gl ofp T
N 5 o . T+ 'Y ~ 0 ) o .
< 5RO R I . HT
i — _,C T X - F = ﬂw._ UEH —_— —_ L
o O e vpE o oENos g X BX
cy O ik By Nao g L g2 By
o vvm fuy | h T 2] 3 X0 o)) Hw re “1_M| O uw 2 M_oﬂ
I S @ osHg Ty = og 2 TF
;00 1_.0 :.L ‘;b ﬂ, =) ‘#Iw_ﬂ ,I.Vl X XO ﬂ ‘.__ﬁl VA 0 E#E ©
2o 0 o hi A R S K N e S s
X m_x - JmlL mﬂ fite] dl \Wrw_ L:O N Lo} \Wrw_ _/C N

W B VI oo WL 4T
T Bes = © clw o wmE N mwr
e SER o M= T = 2Y R ewms R
£ z=Z L <3 ST®m BT 4 L ztzis
Ao XL X MR % Qoo AN T
T Bg Y9 Tl o mwa K T % gxzis
= % o} T B o} T A XN o N m m o e B
T = e mw_m = o < > o Mﬂ ol %0 U]L o} %0 oW ol B ‘ﬂx_u o]
s AR T PEO o Zmw LN ow gy 2N
o - ‘B Lf ‘_lwwL ﬂ o) i_n N Oxﬁ w X i_n = Elﬂ ,i N o T X
o o R BN T 2 %@ o wf R O
MWE L EEFIR TEE Tg 8 e Bom g PR
o b X S RO CCIE IR R L T oy 0 oY
o B ~ 5 T it it o UGS n A A B e _
o N e ok o]/ ) T qr D T m o~ Hn hoE = o X
ol ~o I —_ . ~o - > = NES 3
A e o L ) -l T U R S T
) WO = o]/ — ol G0 4r o> X KA ) = A — = B — O = - = = = = Q= r HML
%%%ﬂﬂ%ﬂ% iy %%W%%ﬂ%%ﬂﬂ%ﬂﬂaﬂ%ﬁ4§r4 1%%%
N B R A A A A A
Ho R0 M- R ROWPHTRT RDPDVPVHYTDDOYWDOFTRT DM PG R D

N o = w <)

o0 o0 o0 o0 o0

IN IN IN IN IN

o) o) o) o) o)

[7‘<
[7‘<
[7‘<
[7‘<
[7‘<



PCT/KR2020/013948

16

gzzn} o] @ Lol 4.

AL

=] -
1., =

],

5

2}

]
“

|

[}

WO 2021/172686
)

Q_—rL

3|

[

A1

T
T .

Apolol) 3L A = v

o}
w oo

fite]
NN R
RO X0 B



PCT/KR2020/013948

WO 2021/172686

1/16

1000

(@]
Fl =l
[ — 3
<l
Mo
|
._IA
= .
Ty L
- I3
Pl
A
~
I
Klo o
o oLg
=l
i
5l
i
Ho ey
31 e
[l

500

122 9999
® D

01
102
105

1



WO 2021/172686

[5=3]

2/16

30 —

Microwave Source

20 —T

100a —

<4mu
=

PCT/KR2020/013948




WO 2021/172686

Y AU

100d

3/16

PCT/KR2020/013948



WO 2021/172686
4/16
L=5a]
+1000V Decay Time
(sec)
8
7 -
6 S
5 P /,/’ T’/’ -
A Ry
//,//,’/‘
) ;///
2 -
1
0
10cm 20cm 30cm
6¢l——0° -—-30° ——60° ——90°
T4(d) E4(c) T4(b) T4(a)
L=5b]
-1000V Decay Time
(sec)
6
L
L
5 P
T
4 /// -
F7
3 7
7
=z 7
2 -
e
1
0
10cm 20cm 30cm
01— ——0° -—-30° ——60° ——090°
T4(d)  Z4(c) T4(b) T4(a)

PCT/KR2020/013948



WO 2021/172686 PCT/KR2020/013948

5/16
[5-6]
30 —— Microwave Source
300
10 S1
100 0%/ XY-1
ST e e AN/ /_ )
/ N /
/ N /
/ < 7 /
/ . /
/ . /
/ /
/ /
/ < /
/ /
h
20 ~—t Z
Y '
X
[%=7a]
W
10/09
61 St ' '




WO 2021/172686
6/16

100f 90°

[5=9a]
+1000V Decay Time
(sec)
7
6
5
4 T
/’/’ ///
3 ————— - // —
2 Z— —_—
1
0
10cm 20cm 30cm
02 ——0° -———75° ——90°

PCT/KR2020/013948



WO 2021/172686

7/16

—1000V Decay Time

10cm

20cm 30cm

02 — —0° ———75" ——90°

20 — ]

PCT/KR2020/013948



PCT/KR2020/013948

WO 2021/172686
8/16
[%=11]
20 —]
L w
X Y
100
[2=12a]
+1000V Decay
see)  COne Slot / 20W /61=0"/ 62=75%
6
5 P
4 e
3 _ -
0 gl
1
0
10cm 20cm 30cm
11 ——— E10




WO 2021/172686 PCT/KR2020/013948
9/16

512b]
-1000V Decay
(sec) (One Slot / 20W /61=0°/ 62=75"
6
5
4 e
3 - I
5 — -
1
0
10cm 20cm 30cm
E11 ——— %10




WO 2021/172686 PCT/KR2020/013948

10/16
[5=13]
30 — Microwave Source
50 —
310 320
110
100
120
120
110 _
310 S2-2
300 S2-1 S1m-2
320 V \ 105-2
105-1
S1m-1 /// 60° /,/____° W
Q h
20 Ve f// /// Z
151 8 & S1f-2 Y
St Q2 '
X
S1im-1 Sim-2
S1-1 S1-2



PCT/KR2020/013948

WO 2021/172686

11/16

[5=14a]




WO 2021/172686 PCT/KR2020/013948
12/16

5 15b]
S2-1 S2-2

E1

5= 16b]

E1—%




WO 2021/172686 PCT/KR2020/013948
13/16

5 16¢]

[517]
30— Microwave Source
50 —
100
§2-3
S1m-3---
1-3
S1f-3--——-- \




WO 2021/172686 PCT/KR2020/013948
14/16
[%218]
140
/—/%
Sim-4 S1f-4
|
|
| XY—1
I
o T _/7
| ' |
| ’ |
| L |
| Y :
S1m-3-———— ————— ~_ N e : S1f-1
130 ! = { 110
$14-3 i o A == S1m-1
| Jo |
| A |
| , |
| , |
l , |
l , |
I b |
| z Y
110 |
120 |
100 130 | X
S1-2 §1m-2
140 Y
120
[%19a]
Decay Time(+1000 V / d=30cm)
(sec)
10
5
0
20W 40W
— 6 — 113




WO 2021/172686 PCT/KR2020/013948
15/16

5-19b]
Decay Time(-1000 V / d=30cm)
(sec)
4
2 —————————————————
0
20W 40W
— 6 — E13
[5=20]
320
Microwave
Source
200 300—7
(\
—— BT 7] K l +~—100
105
P
g T= I
g
7007




WO 2021/172686
16/16

[521]
Bl 400
N/
30
/ 30\0 _
Microwave —
Source
101—1"
1 T~102
/
800<

260\ 2

PCT/KR2020/013948



INTERNATIONAL SEARCH REPORT

International application No.

PCT/KR2020/013948

A. CLASSIFICATION OF SUBJECT MATTER
HO5F 3/06(2006.01)i; HO1T 23/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HOS5H 1/46(2006.01)

Minimum documentation searched (classification system followed by classification symbols)

HOSF 3/06(2006.01); BO1J 19/08(2006.01); HO1T 23/00(2006.01); HO5F 3/04(2006.01); HOSH 1/24(2006.01);

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Korean utility models and applications for utility models: [PC as above
Japanese utility models and applications for utility models: IPC as above

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKOMPASS (KIPO internal) & keywords: ©] 2.1}0] A (ionizer), &3 (slot), A 7] % (electric field), = &= P} ©]-2(plasma ion)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

KR 10-2008-0012254 A (HUGLE ELECTRONICS INC.) 11 February 2008 (2008-02-11)

Y See paragraphs [0020]-[0028] and figure 1. 1-3,6,7

4.5

KR 10-2010-0015978 A (FORSCHUNGSVERBUND BERLIN E.V.) 12 February 2010 (2010-02-12)

Y See paragraphs [0031]-[0033] and figure 1. 1-3,6,7
KR 10-2009-0003266 A (FISA CORPORATION) 09 January 2009 (2009-01-09)

Y See figures 5-8. 3
WO 2007-006298 A2 (JE PLASMACONSULT GMBH et al.} 18 January 2007 (2007-01-18)

Y See claims 1 and 12 and figure 1. 6
US 7241428 B2 (CHIU, Kin-Chung Ray) 10 July 2007 (2007-07-10)

A See entire document. 1-7

D Further documents are listed in the continuation of Box C.

See patent family annex.

*  Special categories of cited documents:
«A” document defining the general state of the art which is not considered
to be of particular relevance
“p”  document cited by the applicant in the international application

«g» earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

«0” document referring to an oral disclosure, use, exhibition or other
means

«p>” document published prior to the international filing date but later than
the priority date claimed

wr

D&

wyr

g

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

27 January 2021

Date of mailing of the international search report

27 January 2021

Name and mailing address of the ISA/KR

Korean Intellectual Property Office
Government Complex-Daejeon Building 4, 189 Cheongsa-
ro, Seo-gu, Daejeon 35208

Facsimile No. +82-42-481-8578

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/KR2020/013948

Patent document

Publication date

Patent family member(s)

Publication date

cited in search report (day/month/year) (day/month/year)
KR 10-2008-0012254 A 11 February 2008 CN 101180779 A 14 May 2008
CN 101180779 B 09 November 2011
JP 2008-126280 Al 25 December 2008
JP 3913266 B2 09 May 2007
KR 10-1045037 Bl 30 June 2011
us 2009-0034145 Al 05 February 2009
WO 2006-126280 Al 30 November 2006
KR 10-2010-0015978 A 12 February 2010 AT 521217 T 15 September 2011
DE 102007020419 A1l 06 November 2008
EP 2143306 Al 13 January 2010
EP 2143306 Bl 17 August 2011
JP 2010-525534 A 22 July 2010
JP 5683262 B2 11 March 2015
KR 10-1555385 Bl 23 September 2015
us 2010-0171425 Al 08 July 2010
uUs 8339047 B2 25 December 2012
WO 2008-131997 Al 06 November 2008
KR 10-2009-0003266 A 09 January 2009 us 2009-0027825 Al 29 January 2009
us 7965487 B2 21 June 2011
WO 2007-102191 Al 13 September 2007
WO 2007-006298 A2 18 Janmary 2007 AT 530051 T 15 November 2011
DE 102005032890 Al 18 January 2007
DE 102005032890 B4 29 January 2009
EP 1902599 A2 26 March 2008
EP 1902599 B1 19 October 2011
JP 2009-501409 A 15 January 2009
JP 5404039 B2 29 January 2014
KR 10-1303711  B1 04 September 2013
KR 10-2008-0037026 A 29 April 2008
us 2009-0122941 Al 14 May 2009
WO 2007-006298 A3 02 August 2007
uUs 7241428 B2 10 July 2007 AT 344531 T 15 November 2006
AU 2001-49429 Al 07 November 2001
CN 100337301 C 12 September 2007
CN 100437885 C 26 November 2008
CN 100700404 B 18 August 2010
CN 1436359 A 13 August 2003
CN 1700403 A 23 November 2005
CN 1700404 A 23 November 2005
DE 60124239 T2 14 June 2007
EP 1277223 A2 22 January 2003
EP 1277223 Bl 02 November 2006
HK 1079898 Al 27 February 2009
HK 1079899 Al 03 December 2010
JP 2003-532257 A 28 October 2003
KR 10-0549251 Bl 03 February 2006
KR 10-2003-0014389 A 17 February 2003
™ 1232480 B 11 May 2005
uUs 2003-0206838 Al 06 November 2003
US 2005-0100487 Al 12 May 2005

Form PCT/ISA/210 (patent family annex) (July 2019)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/KR2020/013948
. Patf‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
us 2006-0013747 Al 19 January 2006
us 6576202 Bl 10 June 2003
us 6967007 B2 22 November 2005
us 6998027 B2 14 February 2006
WO 01-82329 A2 01 November 2001
WO 01-82329 A3 07 February 2002

Form PCT/ISA/210 (patent family annex) (July 2019)



Z A Z AR I A =4 ZUH 5
PCT/KR2020/013948
A. W] o] &3l 7| B F(FA 5 EFAPC))
HOSF 3/06(2006.01)i; HO1T 23/00(2006.01)i
B. ZAE Hof
AL FH AL A(TA S 75 71 A)
HOSF 3/06(2006.01); BO1J 19/08(2006.01); HO1T 23/00(2006.01); HOSF 3/04(2006.01); HOSH 1/24(2006.01);
HOS5H 1/46(2006.01)
AL 7] ofel Hahe A o] 9o ¥
e SAEAMTE B S F YA LA E . AL H kgl dhel 71 A " IPC
HEFHAGAGFTE D GEITNAE2TH: ZALE H T Fol 7| A% IPC
T A ZAL o] &5 A4l o]l Ho] 2 (H] o] E] W o] 2~ 9] A F A Mo F s A1)
eKOMPASS(53] % W5 A A28 & 7] 9] = o] .1} 0] A (ionizer), &3 (slot), A 7] (electric field), = &F=1} o]
(plasma ion)
C. iRl
J}e L] * gty 2w AN 3 A el 714 ol e
KR 10-2008-0012254 A (2 A& E 29 A 7122 7] 7}o] AF) 2008.02.11
Y w2} [0020]-[0028] & W 1 Fx 1-3.6,7
A 45
KR 10-2010-0015978 A (Xg2HEZ2E = W24 o ¥.) 2010.02.12
Y ek [0031]-[0033] B = 1 F =, 1-3,6,7
KR 10-2009-0003266 A (3] A} 32 2] 0] A1) 2009.01.09
Y S 5.8 A 3
WO 2007-006298 A2 (JE PLASMACONSULT GMBH ) 2007.01.18
v A7e) 1,122 =l 1 2z 6
US 7241428 B2 (KIN-CHUNG RAY CHIU) 2007.07.10
A A A 3 Az 1-7

[J57 28l el zel 71 A= of Ay, g Eslo] 9 HA 2 BxaAA L

*ed wale 51

e padl gt T FAEAY £ A o FolE Ao, S04 E3)
e X ghov] o] 727k 5 ek o] 22 o] s3tr] ¢l3 <l

DR ] F ol A - il

B SAsddun X7 S0 pElo] P . AY Al o HE wge)
ol5el ge A= A5 EE AR o] Qi A0 Bk,

“L” ‘?”/\\j_:ﬂ _T_Zo]»oﬂ 9] =4 5 -2 Oli- 13 FH vk ILs Al o E 1 &) o7
7HQ‘£15ETL:E]_EEE '—T_:;? '%'_}1_01 /\)\T_’“\f_\i-OHo“\'_’§4 ]O]'L]'o]o ] ‘C‘TLJ‘L]'
anwa Zgehs 49w 1 zgto] Flabel Al Ag e A4S 2

oo ; ge Aol gl e g B}
0" TF A, A A V)R g ek g B
P A o) Fol FAHY O} ZAZA oA AR HR & TALASSIATA] Kok v
wAH AL A SEY T A AL T A EE Y
20213014279 (27.01.2021) 20213014279 (27.01.2021)

ISA/KR®] B3 2 352 AAr

= 535

(35208) th A F A AT PALZ 189, 4% (F4H%E, AR AA

A Ah
N~ W5 +82-42-481-8578 AshH 5. +82-42-481-8131

A& PCTASA210 (- H A £-4]) (2019 79)




TAZAR A A EYUHT
HE S 4% B2 PCT/KR2020/013948
oAb F719 Ulg 52 F719

KR 10-2008-0012254 A 2008/02/11 CN 101180779 A 2008/05/14
CN 101180779 B 2011/11/09

JP 2008-126280 Al 2008/12/25

JP 3913266 B2 2007/05/09

KR 10-1045037 B1 2011/06/30

US 2009-0034145 A1 2009/02/05

WO 2006-126280 Al 2006/11/30

KR 10-2010-0015978 A 2010/02/12 AT 521217 T 2011/09/15
DE 102007020419 Al 2008/11/06

EP 2143306 Al 2010/01/13

EP 2143306 B1 2011/08/17

JP 2010-525534 A 2010/07/22

JP 5683262 B2 2015/03/11

KR 10-1555385 B1 2015/09/23

US 2010-0171425 Al 2010/07/08

US 8339047 B2 2012/12/25

WO 2008-131997 Al 2008/11/06

KR 10-2009-0003266 A 2009/01/09 US 2009-0027825 Al 2009/01/29
US 7965487 B2 2011/06/21

WO 2007-102191 Al 2007/09/13

WO 2007-006298 A2 2007/01/18 AT 530051 T 2011/11/15
DE 102005032890 Al 2007/01/18

DE 102005032890 B4 2009/01/29

EP 1902599 A2 2008/03/26

EP 1902599 B1 2011/10/19

JP  2009-501409 A 2009/01/15

JP 5404039 B2 2014/01/29

KR 10-1303711 B1 2013/09/04

KR 10-2008-0037026 A 2008/04/29

US 2009-0122941 A1 2009/05/14

WO 2007-006298 A3 2007/08/02

US 7241428 B2 2007/07/10 AT 344531 T 2006/11/15
AU 2001-49429 Al 2001/11/07

CN 100337301 C 2007/09/12

CN 100437885 C 2008/11/26

CN 100700404 B 2010/08/18

CN 1436359 A 2003/08/13

CN 1700403 A 2005/11/23

CN 1700404 A 2005/11/23

DE 60124239 T2 2007/06/14

EP 1277223 A2 2003/01/22

EP 1277223 Bl 2006/11/02

HK 1079898 Al 2009/02/27

HK 1079899 Al 2010/12/03

JP 2003-532257 A 2003/10/28

KR 10-0549251 B1 2006/02/03

KR 10-2003-0014389 A 2003/02/17

TW 1232480 B 2005/05/11

US 2003-0206838 Al 2003/11/06

A& PCTASA210 (5531 F=718-2) (201941 7¢)




2 A Z AR A ER e
g5 o) B Fr
B PCT/KR2020/013948
A ZAF K 3L A] of] & - o a -
i%l;} ;ﬂ;‘ 1A 27 5T 27
US 2005-0100487 A1l 2005/05/12
US 2006-0013747 Al 2006/01/19
US 6576202 B1 2003/06/10
US 6967007 B2 2005/11/22
US 6998027 B2 2006/02/14
WO 01-82329 A2 2001/11/01
WO 01-82329 A3 2002/02/07

A& PCTASA210 (5531 F=718-2) (201941 7¢)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - wo-search-report
	Page 36 - wo-search-report
	Page 37 - wo-search-report
	Page 38 - wo-search-report
	Page 39 - wo-search-report
	Page 40 - wo-search-report

