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Abstract — The particle distribution in a capacitively coupled RF plasma reactor with Ar gas is
observed by the laser light scattering method. The plasma-generated particles form a cloud around
the plasma-sheath boundary and their distribution varies periodically with time. The generation
of particle cloud causes the self-bias voltage to decrease and the self-bias and the plasma potential
vary all with the same period. This indicates that the mobility of negative charges decreases as
a result of the electron accumulation on the particles. The emission spectrum is obtained from
the particle-contaminated plasma, and compared with the clean normal Ar plasma. The intensity
of Ar II lines which have the higher threshold energies than Ar I lines bocomes lower as a result
of the screening effect by the particle cloud.
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PD : photodetector; BD :beam dump; MC:
monochromator; MU : matching unit; RV : RF
filter and voltage devider; RC : recorder; RF:
RF power supply; M :mirror; L: #le]#}; F:
filter; A :aperture).
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Ar o]& #o] (514 nm, Spectra Physics)7} A3
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(10°)2 Fubabt7i(170%) el Si F7E 2AHE il
dtod Mie AFeh Al71%ke] A7)E FAskslal, 5 gtell
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Ak 5-2] et zul-sheath AW 9ol 4] 2] F-27}
AL BEHAE, A& 5o @Al uhebA Het
zute] Azl #e Frlg A WEsidoh izt
T &/dat wslrl Hefzulel nlA|
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sk, #Hlol A kgt A7)zt wlmEdct oAb T
W] ZepxeolzHE|o] whE ey HIlE B
sled], Carbonwto] ¢l& wie] A2l Ar Eet=
upof] oJ3t WpE M egdate) vl s)4e] corona

A g-sjo] o] o glck.
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g 2. #HelA AkE A7)t self-bias o] A3}
(gas : Ar; 0.3 mbar).

AFAHA A7) F28 Febzel-sheath 7 Aol 4
E slA 75 FE2 #EFE oG o S(powe-
red electrode)ol| 4] Wl A]7|7} wighc), o)9} e
#ep=vl-sheath Z AW ix} 75 $2= &
2l zu} bulkEZHE]2] o] FEe 2|3 momentum
Hkol] 7]8lsh= ©]-& drag force2} sheathwel] Zxj
e A 7|He) @yl 2fste] A8l

YA FehEephdel A & o] =(mobility)2] #
A} f-giell oEle] g-og AR, -FE(floating) A
NG FAFte], Ao e ol 3} AL 882 73
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X, AzbExel §FE modeling®t F 9 Y=
Ar)e} weldz gebdc), ])xks 2wel FHE S
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FHe] whibgin}y, Febze) bulke| 4i= sheathel] ¥
slod A =)y} A W] wFel, o] A
el gfzfe] 2%-& cohE el efste] AulE=d),
A zpel] vldte] Alafo] T o] -] HbEFA Q)= $-Fo
9]3le] momentume] HEE+: AR HeIA| I o]
%S o)L drag forcez} &hc}{8].
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vk gl=d], £3] self-bias A Hghel 4% 3
27 #E&E gl 228 2004, negative self-bias
Ao} Aol kgt Ml7|gte] AHEkE el sich
712 Adeloll A Ar Eebzule] self-bias gh-2
Az 7ol A Carbonhe] gl& uwie} dA et w=dl, Y=}
TEH A wE delA Akt Al7ighe] Aldk AAaE
HofFar glrh self-biase] Fane ofe] el whE

o o

offt by

Journal of the Korean Vacuum Society Vol. 3, No. 2, 1994



182 A%t - FUdF - WE

(a) c
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22| 3, Powered A=9$12) Ze}l=vn}-sheath 774
$4" 4 P HEe T4 A ()
geometry (MU : matching unit; RF : RF gene-
rator; BD : Beam dump; C : Camera with zoom
lens; M : Mirror; L : lens; Shaded area is vie-
wing angle), (b) 7] time, () 60% ¥, (d) 80%
F, (e) 1002 F.

AR A% chehge, agke] B4 4] o
AskAE warert A9 wikstelrh =g, 4 P

9 +%+& RF #8]9] wiszle) nizlsigdc}. RF s}
28 §-XA|7) & gz} F2o] A= Al 4] RF
#9E ePE, dA RS WEWEeR Ui
Aol A Abbg e, 29 29 3o} self-biasv A
el Ar FepEele Ao oA Folsteinhol,

g A-2aks]=], A 3d A2 &, 1994

thA] o= Ax 9 X|zlo] Aviw #Ho| A Akgh 47)9]
Z7}et &7 zhaslgdch RE 319]2] Z7)e) a} & )=}
T59] 4w o529 Wl FEWeMe At
A ot Hyt =Zr]e] Frlet HEise] glewe)
Az}, o] & drag forces YA+ Z7)of vl s
[8], H=r} & Fefzvl FAY A 529 am-
bipolar diffusione®l] «]8}01] wk7dubskel RS x| A
Hel A ate}, e ggellx QAL A A
& e = u} sheathe] #AAH 2 F8-& o]
FiL gl RF #5917} 3ab7] Z7kste], o] 39
THLE MR dAe ol F 3 Sed o] drag
forceel] 2Jato] Fepz=wl bulke] Hhisrer o]F
&e] g} 2e]v}b sheath®] whiell o3led Ae)
FHo R T o] %EhA Hslal e “'E‘]‘v}“
Ao g siM=ic) dxpge] Heda} FAlo =

vk oAl AR Bo}7b L negative self-biasgk
Z7Feht obA] wafer RO ZHES] ~u{E] o]
A Eo] M2 )2} 752 o] A=) wbe)
2 87 +5844] RF 3915 A7) gaAgs
A5 dlelA ARt A71e) Ftahe HEER AU,
self-bias®] F7b= veht=] oodrh §iAF FE82 RF
9] T 7] WA Sv AgME, T4
ol e o] WstE ¥ ol=dl, 1™ 34 U’ 2ol
AL FAEZ U Ay A 75 F714 A
Wk elgich olel e gizl FEo F7]3H<q
Abe 3lol] $ulEle] negative self-bias AT A4
Agstdch 27 364, Z7ld] A5 A5 43
Qv dxb FE- A7ke] xdel nje} A3
FANEO]l aEH L, Azbe] AUt ThA] FAlHE-€)
A7N7E HAE] Fohste 274 EE HEee
& & 77} ok olet e Wzte "EeduE
2] FAd 2Jg z7]e] Wtz AdwE ¢l
=, s1xte] A 7ke] wE 27] Fotel 23} o)
drag force®] Wh7dupel ARl o] "lztal 24 ub
ko g o) gsta 1%k FAF A oA A2 9
Aol Al AdAste] ofx] %7€ ”‘JEHQ} F A3
AT Aol FEel Ao A% WEsE Heoz
AzrEc) olel & Mg 3 ‘113}04 F= AqE
Mie 4+t A 7]1%ke] angular dissymmetry ratio2] &
Aol 27k qjate) Hgar) FAe] ArpolrHLE 4).
28 4ol M= FAlel AR angular dissymmetry
ratio 248 13 gz} =)o Al sle} self-
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I8 4. )5 BA AL A HdEAr] 9} self-bias A
qt2) A¥sHgl® 1 0.3 mbar; gas:Ar; RF po-
wer : 120 W).
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ladsaasa
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LA Plasma potential © Floating potential ™  Sslf-bias voltage ]

28 5. AR ¥AAL ZeFEer 99} 5-F(floating)
A2, self-bias zste] APH3K(SHE 1 0.3 mbar;
gas © Ar; RF power : 120 W).

biasH 9] ¢] APHEHE ehl ot 27]o =} 59
Ao a}e} negative self-biase] zre] AlshAl 7HA4 %
o, sl=ke] A4t @) Al Zrbstd oy 18l 3(0)
o ]2} zro] glxpFo] wbubako 2 eyt Ae)of 4]
negative self-bias®] gt-& tiar £7}8ba, lxbe] 4
A7) d5 stk ofF, vhr] glze] AAel
A2kl Al o) 2} -2 WEe Fr)Y o2 v E g,
o] Azte <A} FE2| oscillatione] §)x}e] Hit=
712] A|Zbe]] w2 Fhe) oo whE Awf &2 W F)el]
25t Aoleke AR o]2A &k w3 YA 75
HA A Fehant 2¢le) WistE 1) 9t FU
pulsed 1743k 7}l &3S ARSsilR, A T
Eo| ¥ A7) A)2ts}e] negative self-bias?} Fol=
= 5t Eelznl 299 HAANE Y 5ol o}

25
(a)
201
H Ar i
g 15
8, 488nm
z
2 mJ ] Arl
.“C_’ 603nm
- 1
[
o . 4 ; =3 ."“‘“—&
4500 5000 5500 6000 6500 7000 7500 8000
Wavelength[A]
(b)
204
Arl
603nm

Intensity {arb. unit}

15 Y
104 Arli
488nm
o 1Y
WAl

] v T T T
4500 5000 5500 6000 6500 7000 7500 8000
Wavelength [A]

37 6. () YU Ar Helzole] WEasER ()
HATE ¥ WEaHdes(¢gy 03
mbar; RF power : 40 W),

epliglcl. 2ol el AR self-biase] W 3le}
Fefzut 3909 W= YAsA HaFe glglen,
HAF TEHAA] Febzel M9l ARl e} a4
shadck Febzel H9le GAE ubex wwo g
3 Iz (AL, o)) B Fao oste] YAE
], Eahzel H9)9]) Rl e wHeEn Az
s gwege FHst g Adze #4s
ojv| e}, Febznl-sheath AW Aol HEE3h= g
A FEolEe] S8l H3ol oa Aljrew AT
oluf Wwleg o SHsH AN 55 o] FAEL,
wgh FAE oAl Eedle) $33 e A4 &
Aot ol FnE HaATe AE s oA "ok
Self-bias ]2} 7}a #AL2, powered ol )8}
o131 RF Astel ko] wbar] 5ot A5 mgas
SR Zhhel o3 HoE HoRed], oA
e S48 ol5= ghae] HH Al Aot} o
A3, izl 7B A2 7 v egdgdew 3
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& pubo] ope}, Fefzule] EAE gakg v
A9 ANEAR 2 AIEE ATl AAE F
o2 AztEEd, & Al £AE Mie Atst
A713ke dojgte zRe] AAdR Qrie] Hxe T
Eol FAH-olA 10'~10°/cm® Afelo| zh& 7hxch

Y2k FEo HAAN e FetEntE RE Y e
Aedr A3 sl 23 60 vieht ole
AAY Sz g ol WwEadEY ) v
slod Ar 1452 Aj7)7} Z71skgla Ar 1TSS A
7l Zhastsdch oAb FERES AEe o 23)
E 3 Fol7] 38t dxF TE Aot vz
A=Y = FANN SASIHCHRF: 40 W, 03
mbar). dloJete] ol & A=, Belzete A
«}7]2} relaxation Aol T3 modelo] HR3HA
s, F8ledzl RF Zeh=ele] WxE 10°~10Y/
cm® Ax9] 3k M corona equillibrium model[11]
2] A-§-o} 7F5 3}t corona modelel| A<, 74 Al 2]
FTE 29 AAAA Az} FEo ostednt T4
5o A" sy,

W, 3 o
N

Arte — Ar*+e
Ar+e — (Ar' )% +2e

Ar* : Ar atom in the electronic state ¢
(Ar™)*, : Ar ion in the electronic state &

9] whgEe] F2 o] g} o]9} e
A FE-9] radiative de-excitationol) 2jsle] ~HE
HAle] wEo] dojuiA sli=dl, 0.25torr o]k s}
Holl M= 7|AAe) Ar RAEHY FE 27 de-
excitation AEE FA1E F glom,

Ar*,- hd Ar*j+hv,-j

(Ar*)*, = (Ar* Y +hoy

ho;:i-j2 AAbH A=xpde]o] 2% photon
uhg-Sol ¥ AHERA vhE 7|9k 23]
ER F FIF ool MY STFoRREY v
7] IS,]‘—C‘

&

Ad A

wy ot lo
> or

By=GN° [QE/m)”* fE)o"AE) dE

o’ 71A A S] SEelRe) E9) ouiA g zte A
2 A6 23t v;9] photono] ¥W&9 cross section

FEAFEsA, A 39 25, 1994

N 7|2k SEo] He
G : geometric constant
AE): AR oA #-32 g

2 Jvehfelzich 7 A9 cross section® A3 =
Zrol il A# %< geometric constant+ 23 aperture,
dl= 5o BatAle] Ao st A=}, Ak
A8 F-218191 7] W Foll wolel= vin 7He3ict
dA gt FAIEI o] 3hgo] T3] 27] wi,
1A Arel dEE oy By AWER A A
719} Wsh= 2A EEDF(HA} oA E3 )9
W3tE ovlalA ok ¥ 6o Ao A S
znlol wlwsled & uf, Ar [A159| Frlel Ar 11419
acg #Als] B ot oloh 2ol e, iAo R
Ar I1(488 nm), Ar I(603 nm)2] ¥ A-2 T A|stgich
FES WA MY el @A 23 Az}
F2 vz Abde] e gloh wEA A7)st
W e BES AR WS MY F& F-Fe] T
AL ol 5 siuble] Frh iRbrE XA whes
HEHL Ar [4o] Frista Ar [[Ale] F1EA 5
=], olAL AelqA] 23 Hx}e) Fag v)sA
Ak Ar 1149 3% Ar A v)sle] b9b2 78 o
Y7} Eoi{11] 47024 : Ar 1A : 1456V, 4806 A :
Ar T4 :35eV). $53WY o] FZd] ofsled b
A= 22 ARps o] 28], o 7| H A 71e3dhA| e}
A WS HE e siAT-Eol & 2 Al
ate] 22k =] ARsb gt Az, Ar 1149
7k, Ar A9 FrbaAde] velhd e Halrh

=

4.4 B

Ze}=uolo] :%% Diamond-like Carbon ulehe
27 A FEAC] T2k YxlY Aare
ek o] Ak f-3o] o8l A" A o] o
Kol watolu}, 2sE|3of ¢8| materiald AF
W Aeg 3odAw, el by BA4EL s}
A ¥ Ar Fehzvle] 9o w ubakato] Ak abSo
s Y7} A& o 2 Ay, AR 5 3]3S Mie
Akt angular dissymetry2] Ao 98 o 5 g
oo, Eeb=vl-sheath®] A2 iz} 753
Aol F2 FEHAUk U 52 FA4A] negative
self-bias #gte] AletA 7tAastgdar, RF 5199 #



RF &34% Zapzvl B4 A4 jatesde] Eetant B4 v|Ae 4%

sol ®AY $E) WHE MolFgltdl, 53] RF
$97h AR Fohehote W, A% FEo) W
Moze) o)Fe] BEHU U7 FEYAA Feh

zu} 298] 7hagke] 7} fast-scanning Lang-
muir F3el 93t FA =G} Fek=ob 99} ne-
gative self-bias®] 7FA& AN Q)= Fwdle] My
Holl oJgk AS3} ub-gx Wwoge] M sFe
et FASE ol Fxe e AF At 4w™
ok 32k TE9 EE= sdAke] HHE A27], negative
self-bias, Fetzrbdelel 25 Fd3 F712 #HE
sl ol TEW A slAke] x|EH ) Aol
213 #Z7)9] Wste] ohE o] drag force] F7tel
A3 Zew Bk 2 FEHAAL Ar E=)
zo} g eyds ko] whE s ege] w)
s glevl, RF E2t2ot Ao 4 wha A #3
7198 she arelu#] 22pdAHES] sl ARt A
F Gl 2% ol A] vt Ar &2 A7) s
Zatglct A TES] AL ed9deR H4E
¥ oohet Eepxel 24S WA, A AEA
St Alg e ddE vjAe] wa e, oAk YA
Lo Wistel] wE Eefxel A9 HEAAEE A
ez &% 3 e A e Fglo] gt
22| Azt & 4 ek
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