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| ABSTRACT |

i fi-'f*”Drelectrrc barrrer drscharges (DBDs) in oxygen and air are well establrshed for the productron of large quantities
conof ozone and are mare recently be ng pplled to-a wider. range of plasmaohemlcal processes. Here,
the application of DBDs for ozone synthesrs the non-thermal oxidation of volatile organic compounds (VOCs) in
air, the generatron of lncoherent (V)UV radratlon and surface processmg (etchmg, ashmg) is presented

. Q ~ The mam pla"_maphysmal inust ""::vtl}dnven DBDs (transrent frlamented non-thermal -
At plasmas at atmospheric pressure) are"descrlbed ’and a srmple plasmachemrcal reaction pathway
- forozone synthesis are is glven e ‘

® Experimental results on thedegr,adation of VOCs (2-propanol, trichloroethylene,
carbon tetrachloride), as well as byproduct formation is presented for stand-alone DBD treatment,
as Well as for simultaneous (V)UV illumination of the discharge. lllumination of the discharge with
(VIUV can change the plasmachemistry by enhanced formation of certain species of radicals
- and thereby change byproduct formation - but also can change the discharge physics, known
as the Joshi effect. '

®  Asan example for generation ofrexoit’ed dimers.and exiplexes for the production of incoherent UV
~ light, experimental results on a XeBr* excimer UV light source are presented. Effects of the total
and partial pressure of a Xe/Br2 system, the gap spacing and the applied driving frequency on the

UV radiant efflcrency are shown

e For the apphcatlon of DBDs for surface processmg, expenmental results of photoresist ashing on
- Si wafers usrng DBDs in oxygen are shown functlon of gas pressure gap spacmg and applied
frequenoy
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~ Materials:

' Gé‘p distahce:
o Gas pressure:

~ Applied voltages:-

| Discharge characteristics:

:metalic-electrode,

(plate, mesh,
paste, electrolytes)

dlelectnc

(glass, quartz, ceramic).

1-10 mm

‘ atmospherlc

(but also from 50 to 3000 Torr)

1 - 100 kV sinusoidal

(1Hzto<1MHz) -

steep-rising (ns/kV)

transient (1's to 100's of ns) .
non-thermal

_microdischarge formatlon

(filamentation) -
large area dlscharge

- kA/cm discharge curreht density

electron temperature 1 ~.10's eV
(mean electron temperature
in air typically 3 - 5 eV)

plasma density 10"3- 10" cm®

LA-UR-98-xxx




1018

jui]

1017

2
N/O, - 80/20
N5/Op/H,0 - 79/19.5/1.5
Ar/O, - 80/20
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: -3
ozone concentration [cm ]

» D ®@ 0O

energy density [J cm"3]

, ""'~'3":__,'Herzberg system e SR e B e e e e e R
e % 2= e +02(A3>;+)‘ (O¢°P)or) *»-’OCD)~+ 0,(X°Zy) + M —= Oy('A) + M
©] (A3Z+) "_>O('P)v+0( Py et e Wi el e 5"7X1034cm68 forM=0,
L B o s e 51x1034cm s forM=N,

but also O scavangmg by N, O format:oh
Sx~.103v‘4 cm s : for M Ar
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BWyy, and

+ radical

O(°P), O,(ab), O H, F, Cletc.) + O,

byproducts + radical + O,

= SRELERCO; % Hy0 (+ HClof HF)

- generally: kg oy >>‘k03

Idea:

“increase atomic oxygen concentration by

‘photolysis of (unutilized) ozone

Hartley band
Og+hv 2L o, ('a) + O('D)

2.57 W,y / 1.97 Wy
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e 1.0
XeBr system sl .‘ B> X
' ] X I 282 nm
Xe' +Br S ‘ -
Xe* + Br _ .
XC+BI'*~ ~— i
X ; = [_
— c’n g,
o B’ 205 -
5 | 5 !
o g
—\z k C>A B>A
X\Z \Azn ‘ -  300nm 320 nm
oAy Emm=—ern] 0.0 Lt 1 T
I L ‘ i 240 260 280 300 320 340
0
. r[A] “ wavelength [nm]

X Absorption of O,
) : S A A k _ in the Schumann-Runge (S-R)
e +Br,+M—Br, + M
" Br,, +M—=Br+Br +M.

intensity [a. u.]
Kl|lT|l11]1r1er\

S-R continuum

T

intensity [a. u.]
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- Xe"+Br + M—=XeBrr+M J
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UV Efficiency of XeBr* (B-X, C-A, B-A)
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Exemplary results of the application of dielectric barrier discharges (DBDs) for the generation of ozone, flue gas treatment"
i the generatron of mcoherent (VIUV llght and the ashmg of-a photoresistare. presented In all applications it is shown that

2 cntlcal feature of the DBD.i is to produce non- equrlrbrlum plasmas at atmospherlc presure The optimization of each system

e is rndlcated by changlng parameters Irke energy" ensrty, gas mrxture and pressure gap spacrng and frequency
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