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The Analysis of Light Emissions on Ar DC
Glow Discharge under the Atmosphere Pressure
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Abstract

We developed a one-dimensional Ar fluid model running in DC-type applied voltage with a sine and a pulse waveform
at the atmosphere pressure. We investigated the light emissions and efficiencies of Ao, A7a7mms Ag12nm aNA Aggenm from
the Ar excited particles. From the results, the light emission of Ay, and Ay, in the applied voltage with a sine

waveform were almost two times as in DC voltage type. The shorter the switching time of applied voltage was, the more
the light emissions of Ajyg,,, and Azy,, were. We discussed the power consumption and Joule heating by charged

particles.

7lstell A o] Ar A5 290 @4 14 FARD S S8te] AlEdelds Fdaltt Ar 7]AE el ¢ 7]5]

2HE EEHE YR AP N g0 At Aoranm LB Agggn) ] BLE AESFAT 21 A ARRIFE 2

& S B Masun @ Araren @ B0] A AU S Q7RIS wm AL 2vfel Tk BlE WEshs

ALk, WG] 290 ARl BETE Ay @ Ao, @ BECD O BokdE AS & 5 Al &
s

A
AFX = PR ok & I3 AR HYol BIAME =3t

i_,_'
r—>i—|—'
rorie

>

Key words : Ar plasmas, Atmosphere pressure, DC glow discharge, Fluid model, Light emission

. ME 71 AR 58 TIAAe] At ol

ol 7lweol ¥l &&%a AT, 2, 3] 2 o

ek 25 WA ek or whgol v 719k 229 d e Al 54L& siHsta Aofst]
=7 45 AGHE A, S Fl A= oy 2seAM e V25 WA
FAH = BdE FEstol 22 qHA R o 2 etH e E4she A7 v Hastd

* Dept. of Electrical and Control Engineering, Mokpo National University

% Acknowledgment

This work is financially supported by the Ministry Of Trade, Industry & Energy (MOTIE) through the fostering project
of Energy Valley Industry-University Convergence.

Manuscript received Sep. b, 2019; revised Sep. 18, 2019; accepted Sep. 24, 2019.

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by—nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction
in any medium provided the original work is properly cited.

(865)



116

=
>
k
s
)
rl

it
2 4
>

o o

oo 32

-
2 2

1 o Lo

>

B
ol
=
=2
v
R
2

f'?L:[oEéﬂlLl

o

| 719 AE=HH
Al ol A Ll
A &85l heHs, 7. W}E}H A

FANLE s Bl o7 0471%17\}
PAEel oa) A=

] H%} -é°7} A

©

0}

T

H

1T Mo M o (R Mo = ol rlo ofy

oz 1o
—E‘ o
LJ

|

=
1

T AT

o " e

o

o,
:T':‘N

o 1 2
ol
o
38
H
2

N

S e

=2,
=5
ol

~ 1T

gy
oo
‘I._I
-
o

SHEED

N Ed ol A

*

m (1S5 . metastable state), Ar, (1S, resonant level),
Ar buffer gasE #3le] A4kt o, o 7]
el o]&l WEE = FYUORE N oy, (Ars—Ar),
Argrnm (Ar(2P1o)=Ar(1S5)), Ag1onm (Ar(2Pig)—Ar(1Ss))
223 Aggenm (Ar(1S)—ArE A8 AH9, 101,
T3 100.0 [kHz]~1.0 [MHz]®] F714S 712 A}
Ay H AA0Y dAgs Avbste] dAHSt
o] Yol wE 7Y B FLe] WEEE HE
stk st P A=l o g Xd@i‘i T
sto] 229 WA tdFx

l

S
o]
H

o 2|
= o

. =2

LA A

B Aol A A
Felold BUS s)uste],
H+ Ar A5 VI 2 2%
o B mdeq 7 saga
P E I ISR
2 Agstel A7
AE ol A st 7

3} o] Vi,

S E

il

o o

(N

flo £ o
2
ok

2 ox

e

94

N
Jm
o

L

2
4
of
2,
>
2

>

>

O
-

of

o r?.i
> Am opx

(866)

j.inst.Korean.electr.electron.eng.Vol.23,No.3,865 ~872,September 2019

aN;
ot

ol
=19 1

ox J

oN,

I,=WN,—D—" 2
: 79T o

=

=

& 33

A7IA je= 2 AFdA 7 o] HAet o]
ZYAHe, Ar, Ar), 6F° T4 YA,
A" (3), Ar"(Ar 2Pio.excitation state), Arm (Ar
1S5 . metastable state), Ar,"(Ar 1S, resonant level),
2 Ar {7t~ e 225 S 745t
kel WE N;, 4R 5 13 4A] olF
Wi, &AHAIe Dy 18] an dxpe] viey FE
YApEe] shebAgtel & WA A Sie

Al%kat S et
Aol Q7%= vheheERet
al7] 98l dak A BEA

1% WA (45)2 s

o]
H

N

N

~

—1—’

fOowE B e

|

S5}

aq,

(e - M)
ox

(S)

—IeE— Y H. - R,
k

alk Tp)
ND Ble

e

>

fr

%

e

N
I

o

—
frt
il
o,
[e]
ol
2

1l
h

o o © 9 =
M
@)
<
j —

i
>~
>
N o

o r
Q‘L
M

o
fru
=
)

2%1ﬂ<%o



The Analysis of Light Emissions on Ar DC Glow Discharge under the Atmosphere Pressure

Ao, WA ARVl dk A=d7FUo), ¥
AAF (L) At
eS d
Ip - 7 0 (]j(Af) . Ij(ArT) ]1 )dI (6)
dV,
ID_ qd—tg (7)
B AT Ield 7 AR FEWSH 2
sEAE & 1o HeEtlgler, & 20 Al gee]
R 242 ey

1
I >
| |
M. Cg R
T V
=

(b) equivalent Circuit
Fig. 1. A schematic diagram for (a) DC discharge model
and (b) equivalent circuit.
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Table 1. Present reaction model and coefficients in Ar glow

dischargel10].
E LA 7IHe ety 3 HIEM SE8E 3 BEAF
No. Reaction coel_f{fail?ent
Electron Impact
El | Ar te - Ar +e calculation
E2 | Ar +e - Any te calculation
E3 | Ar +e - Ar’ te calculation
E4 | Ar +e - An’ te calculation
B | Ar +e - Ar + 2 calculation
E6 | A +e - Ar + e calculation
E7 | A’ +e - Ar + 2 calculation
E8 | An,’ +e - Ar + 2 calculation
Charge Transfer
oA e oAy eae | g -
Neutral Reaction
Nl | Ar, +2Ar  — Ap() o+ Ar 1.0x10™
N2 | A’ + 2Ar - An(1) +Ar 1.0x10*
N3 | Ar, + 2Ar - A3+ Ar 30x10*
N4 | Ar’ + 2Ar - A3  +Ar 30x10%
N5 | A+ Ar - Ap'(D) o+ Ar 40x10™
Penning Ionization
Pl | An'(D)  +Ar'() — An' +2A+e 50x101°
P2 | Ay +AR'B) - An +2Ate 50x10™
P3| A'®  +AR'®) — Ar +2Ar+e 50x10
P4 | An'(1)  +Ary - A’ +Ar+e 6.0x10
P5 | An'(l)  +Ar - An +Ar+e 6.0x10™
P6 | An'()  +An,’ - An +Ar+e 6.0x10™
P7 | A3 +Ary - A’ +Ar+e 6.0x10
P8 | An'3)  +Ar - A’ +Ar+e 6.0x10
P9 | An'(D)  +An,’ - An +Ar+e 6.0x10™
P10 | Ar, +Ary, — Ar +Ar+e 50x10"
PIl | Ar, +Ar — Ar +Ar+e 50x10™
P12 | An, +Ary’ - Ar +Arte 50x10™
P13 | Ar’ +Ar,” — Ar +Ar+e 50x10"
Pl4 | Ar’ +Ar,” - Ar +Ar+e 50x101°
P15 | An,’ +Arn,” Ar +Ar+e 50x10"
Ion-Electron Recombination
n | A ‘e - An, + Lox10™
2 | A +e+tAr Ar +Ar+Ar 31x107%
I3 | A’ +e — Ar +An,” 85x107
Radiation
RI | A’ e - 2Ar +hy 2.33x10f
R2 | A’ (3) e — 2Ar +h 313x10°
R3 | Any - Any, +ho 1.89x107
R4 | An, - Ar’ +h 5.46x10°
RS | Ar’ — Ar +h 5.0x10"
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