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Governing Equation System in VicAddress
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Cog:,i;%"él;‘;aégon Boltzmann Eq. Maxwell’s Eq.
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Poisson’s Eq
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: induced B,E fields 1(1)
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gt:z gj by Kr Gas flow
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S I T I:> Etching, Deposition

[ Current damage ]<:I Schridinger Eq.
Heat transfer Eq. |:,'>[ Thermal damage }




SRR

O #HXTFEER
B ETIRRGETSE (WHSE)

particle number density <« [ (Boltzmann Eq.) dv
momentum balance <« / (Boltzmann Eq.) vdv

energy balance <« [ (Boltzmann Eq.) v*dv.
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on.(z, t)
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ane (z, 1) ane (z, 1)

= —Vie(z, t) + Die(z, t) 922
+{Ri(z, t) — R (z, HIne(z, t) — Ree(z, ne(z, t)np(z, t). (7.4)

For positive ions it is given by
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FEz ImEH _ —Vip(z t )—3"”(2 DD Lp(Z, )_np(z, D | Rz Onez, 1)

Jat 0z dz2
— Rie(z, t)ne(z, t)np(z, t) — Rii(z, t)ny(z, )np(z, t), (7.5)
and for negative ions it is given by
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ﬁ%? any(z, t) —Vin(z, £) ony(z, t) + Diulz, f)a ny(z, t)
ot 9z dz2
+ R (ZI t)"tl’(zl t) I Rff(zl t)n"(zl t)np(z, t) (7'6)
Poisson’s equation for the electric field E (z, ) and the space potential V (z, ) is
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FIGURE 7.2

Collision rates of the electron in pure oxygen as a function of DC-E/N.
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Poisson’s equation:
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Coulomb’s law in magnetics:
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It8A Ri(z, t) = Nkjex (—)
, 1) = Nkijexp W "= | Maxwelliang3#p
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TABLE 7.1

Low-Temperature Plasma Model and the Variable
Model Variable References
LFA E(r,t)/N Boeuf [4]
QTE < gp(r, t) > Graves [5]
RCT E :}f(r, £)/N for momentum Makabe [6]

ngf(r, t)/N for energy

Phase space  &/(r, t)/N Sommerer |7]
Particle ge(r, 1), (ep(r, 1)) Birdsall [8]
Hybrid — Kushner [9]

Circuit Vityor I(H) —




O st

B FEFHET  IPEPESFEFR , BIRRIZEN , TERAFITELREIFERS

22K ( RCT)fRES

B FEFSEFF , LBFERIEANE | ABFSFF  £FEEEIE. ABEFRSHBI

=

m LUESFSEAS , RIEsIETIESE | SKEIEMRGE

9
% (ne(z, tymVe(z, t))
ne(z, t)YmVye(z, t)

=eE(z, )n,(z, t) —
(Tm)

- nt‘(zr t)andg (ZI t)ai Vdf(zl t)r
Z

;)t (ﬂg(z t)em(z, t)) =gE(z. 1) (— ne(z, ) Vie(z, t) + Die ones t))

0z

B RIBEEETIELTE (2"1 Ruem(z, t) + Z R; j€j + R;sr)ne (z, t)
GINE 2k YAl

= i [(ne(Z; t)Vie(z,t) — Dpe e (2, )) Em(z, t)] .
0z 0z



O 3eiRiZELefR ( RCT)IRE

B RCTHEAZHRIREMSIRE | BRERD. BER. BZTHR

% (""(Z’ H ”) =@ 1) (— ne(z, £)Vie (2, 1) + Dpp 22! ))

2m
— (H Rnem(z, t) + Z Rfsf + R,,'E,’)HE(Z, t)

= i [(ne(zr t)Vie(z,t) — Dpe e t)) Em(z, t)] .
0z 0z

1 E(z, 1‘)37 = &m [e u(te)

2 2
3 ( 5 ez, t)) {Eef(z ) —E(z, 1)’} ne(z, ) D 2 e,
ot (Te) f

/

0
Ge(z, 1) = ne(z, ) Ve (z, ) Eefr (2, 1)* — DLe(z, H— (e HEg(, t)?)




FHESEAHNER

® i/ F15REY
ESS T EREELUE BRI

n BFRFEYEHRENTREREN  BFoSRER(FRES B0z
FEEATHRBSE , BFHEAET RIAIHESCII R EFEERYER | AT
FEEREFE MR (&R )

B RSERR , BHIEUNSESM
m R FARE
» FUHFERELE  RUEFRRESHEEEE D i TRIR
» RASEREHRCEERE | BAsEPR
= BLE, mERERTES SEFIVFFRERR
= R ITREX



IFHESFEFNIER

® fU = (452)

O S5REZEI (MCSs)

m EARESEE
. d? e
»  FIEDNGTE — () = . [E(r,t) +v x B(r, )],

dt?
 REESIKER D t+ A, FBUEIRER EKAFIZATRE] PR AR

= ACIERDE ¢ ARSI  FIRSISRETDIARAIE | FErEAAE , WHZIERL
FIEENEE

= SHFRE  Monte Carlo, —MgeitiETTi% | EFRENLEL ( E0ABEHER )
SKARRBEH ER BRI R



FHESEAHNIIER

® =AY (4¢R)
O S5REZEI (MCSs)

B T {RRHERYANE B A 245 4% AL
@ PESS PP
Onm Qexl Qex Q,lL . ) NQT(E)vAf > ‘Sr-

e
....
e
a
ae®®
....

ASTE)Z BRI
| uniform random number

*
0 g 1.0 At K

NQr(e)v

(b)

B A 2Ky, 4% A
AT &z ¥4 A
1 B ot A i Rk
0, ) = ( cos™ (1-2%), 21%,) st #¥4

collision point



FHESEAHNIIER

® fU = (452)

O S5REZEI (MCSs)

B filiEH ST RRIRE SO R B AR D T RN

p@) = % sind, RZDT
1
PO =5 1957

|

6
1
/Esinedézyr —  cosf =1-—2y,.
0

¢ 1
/ —dp =y, — ¢=2my.
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1
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effective ionization rate is given by

1 d
—n,(r, t 7.33
iAr; 1) dtn 7 £). 3]

Rop =
the drift velocity is obtained as
: (r(t)) (7.34)
v = — r ’ e
Tt

and the diffusion tensor is given by

2 # ((r(t) — (r(H)?). (7.35)
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FIGURE 7.6

Typical equivalent circuit of a capacitively coupled rf plasma with an external impedance match-
ing network.
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S Vv €0 Jv

divE(r) = glop(r). divB(r) = 0.
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flux of magnetic field ®(t),

dd(t)
dat

1 O = /B(r, t) - ndS.
S

U= /E(r, t)-dl = —i/B(r, t) - ndS .
dt Js

£

5 J
’ _ . et otE(r,t) + —B(r, t) = 0,
/S {IOtE(f‘, t) + BtB(r' t)} ndS = 0, ‘ I (r, t) at (r, t)
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[B(r) -dl = pol,

l iy = / (f(r, t) + &9 aE(,(;;' t)) - ndS,

/ B(r, t) - dl = po / {j(r, f)+san§;’ ) } - ndS.
S

l / B(r, t)-dl = / rotB(r, t) - ndS . Stokes’s theorem
S

]. 8 y /W
—r1otB(r, t) = j(r, t) + g =i t),
L0 at
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oB(r, t)
at

rotE(r, t) = —

1 OE(r, t
—rotB(r, t) = j(r, t) + & (7, )
140 ot

divE(r, t) = p(r)/&o
divB(r,t) = 0.
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