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St B
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A 3 & ZEp=vtol] Tt

ol g T4 YAV} A HOZ 7t (quasi-neutral state) FEIE
A A AFL Hole FHE BT HAA U= 10°~107 em?,

f

T B9 EH=nEA ASEH0 AFY s5°
S A& LA T= el E glow dischargegtal gt} [7]
Iutq o2 Fet=ul= electro-magnetic field (DC, RF, microwaves) 38}
71| Aol oste] &33tE 7]A] Akl ofste] WA
H  7)A EAe] HEAEFE = excitation® relaxation, ionizationd}
recombination 02 YAFI ZHet=vt FEE FASHH ALY oy X%}
A2 Fotzvty 540 AAHY Y dxe oyx]d mE dE3F <
ZZt=rt FElE 28 140 HEWHATH[S]
ZetzrtE HAA717] 913 electro-magnetic field stollA HASE H

Aol B olUA WE o 2oz HAR[7]

4

W= FeX = Eek B2 2 (el )
71X W : Energy of particle
E : Electric field
e : Electron charge
m : Particle mass

t : Collision free time

JHEZ electric field stollA ASE © YA AGE = YA A
o] Ao wHHlEetA Hol HArE o]2RY v F B oUAE ZA H
gAY TEVE 1Ed o HAe] AeEHe Ay AS A AR #4
of AEHwE AUA9 Zole FH eV X7}t Hed AAZE ALY oY

oy
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A7} 10 eV oY W= HgAdFEC] Bol dojuAl Hol HAe F&
UAE FAolY o] HAIGsA o] WA (glow discharge)? low
pressure arc FEjo|A o] WE A9} gase] AUAE EW 1 15%
Zo]l Welstth[9] a2 ™oelA dHe] 10 Torr ©]4Y W+ mean free path7}
A Hol AAe =9k 7IAY 2=7F A9 ZA HW olg FEHje =
gt=2utE  equilibrium plasma F+ 112 EZ=7E (high temperature
plasma)gtal o). HbA F#Ho] ZHAFhe] melt YAE2 mean free path”t
S7FsHAl Hof Aol e AR dA AFAA B2 AUAE A Ho
AApe] 2=7F 71A9] 2R AR A Hed ol#d dH e FErzvl

Rl =
£ nonequilibrium plasma =+ #& Z#+2w"} (low temperature plasma)eh

(M)
4
-
s
[o
=)
o,
f

A==
=
£ & excitation T+ ionization A]

Zotzut AEoA YAELS excitation?}t relaxation, ionizationa}
recombination 0] A& O Z JoJUA ol A o3 HEE FA
St AE A HFEY] VAl TS FASIEE [AAY "xe; Fol2 9]
U= ZA HEZ random motiond] &gt 2+7}8] charge flux~ t53 2

714 je : Electron flux
ji : lon flux
ne : Electron density

n; : lon density
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¢, : Mean velocity of electron

¢; : Mean velocity of ion

Fotzrt oA A= ol 2ol Hlste] 2rrb wal Aol ol Ht

H

E% B cEY BQ 222 7t BT A 5ol subatrated} S o
A FA87E FolA Ho] Fopznt AEjel] Bt S (negative
potential) S FA3tA =Ho] MRS fluxE JASHA HEZ & ji7F ZolA
+ steady stateo] Z=ESA Hed®Hl oW FAEH= potential S  floting
potential (Vgol2}al W ©]= poisson’s equation®} Bohm sheath criterion
o 2}ste,[7]

kT, m;

Vy= Vi =79 log L3, - 4)

o714 Vo= plasma potentialZ4 glow discharge®] glowing 2
potential®] i1 system®] oJ® FE BT 9] potential®]th. Plasma potential
(Vp)oll Al floating potential (V)E W3S}¥ = Fi&3 sheath regionolgl 3t=

o A7 e A 2=7F Hol AU og ofFe FEog Ho| v o]X
ANXe o]2EL FHEPtA THO=E JHEHAAA L HAAtes FHAA
gt=2u} bulk®Z 7}HE T Sheath F71= AALS] mean free pathell & &3}
714 tg o] Aol wet St

ST
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Zetzrkes 1 A4 Wi mEl ECR (electron cyclotron resonance), RF,
DC, microwave Zg}Zrhso]l oy T3 Fgt=el @AW} Z2H WL
A PFAA EFAAA wet paralleldF  remoteF 0 Z  YHT. RF
remote$} parallel PECVD @ e o] &<l xto]& £ 50 et F4
HUOX remote FEjE WS A2E Uo] Holgown dtubo A 2A

o] golstrhe galo] Atk

3 5. RF remote &3} parallel <] H]al.

Remote type Parallel type
Plasma density High (~10"%cm™) | Low (10"°~10""em™)
Plasma control Easy Difficult
Composition control Easy Difficult
Impurity content Low High
Deposition rate Low High
Surface damage Little Much
Hydrogen content Low High
Deposition temperature Low Low
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3te FF REgY =+ homogeneous reaction?} heterogeneous
Uz & ded AAY Bee 71800A 38t ‘ﬂ%ol dojdt
i S/AZE Z1kell FAR § 3hs) nke

o I¥FA S92 homogeneous reaction®] &/d3} 9

Lﬂxlﬂ heterogeneous reactiond] A3} JdUAHRT mERZ £TE FHo=w
heterogeneous reaction®] 4402 Jojdth AP w3 7|A|o] BH &

bol HlsiA 4= el & W dojytr] 4% homogeneous reaction® =

o
a
&
=}
o
o

]:]
S&E =242 W§ porous StEE dojupA e Ao| v AT
Fetzrt 8553 g A4S ddeid g3 2o

@ Free convection®|4 forced convectionol] 2]sle] =Al W F99
mass transfer boundary layer 29| ¥H-&-7]A| 9] A&

Q =L AdYAE 7 dApele] Hlgd FEol o &4d3tE o]0
ooz ¥4

@ EA WA Y29 ¥-g 7|A 4t
@ BAAsE gololy FuZ, FHke AAAE, 94 2 Ex =2A|
EHOR FF

® F&" vgE] 1 ik 9 kg

® 2A xHo=EHE w3 HAH=Y g

@ Bulk 71AZ9] ¥H-& AAHE9] o]F

°olF HHg2 FAlY dojum HAAE FolA &Fxt /Mg =9 o=
A e & oo FA9 ol it FEAESEIF AujEH. & oy A

E 7R AR} F=Eo o3& HE8-7])A| 7} excitation, ionization, dissociation
A4S 53 g za ojlgez EaF=d ol23 34S primary reaction

Jgta st} E o] 3t primary reaction®l 9j3] &4dstE gt o]
U o]2o] oA ¥Egsle] BES ZIAE gEtHoR dAsE HEE WA

71 #3& secondary reaction (3 7) ©|gta st AAZE o] HHo] F
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3t 6. Typical primary reaction and rate constants in plasma.

Rate const.
Process 3

(cm*/molecule - s)
Impact ionization A+e” — A++2e 1070~10™"
Excitation Ave — A 10°~107"°
Dissociation AB+e” — A+B+e” | 10°~107"
Dissociative attachment AB+e” — A+B 10""~107"
Dissociative recombination AB+e” — A+B 107
Dissociative ionization AB+e” — A™+B+2e’

it 7. Typical secondary reactions in plasma.

Associative detachment A+B — AB+e
Abstraction A+BC — AB+C
Atom-atom collision A+B — A'+B+e”
lon—-neutral collision A+BC — AB'+C
Radical—-neutral collision A +BC — AB +C
Penning effect A+B — A+B'+e
Electron transfer A+B — A™+B”
Charge transfer A+B" — A'+B
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