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Governing Equation System in VicAddress

Governing Equations

CD#;%?;?;;O“ Boltzmann Eq. Maxwell’s Eq.
Conservation Poisson’s Eq. Voltage
of Particles n-E field <: Vit

electrons neutrals
Gas-Phase p.n-ions (radicals)

e+A .@ Faraday’s Law Current
AT B QO(e) Momentum induced B,E fields <::] I(1)
Kj Relaxation
A+AB M :
electrons p,n-ions

ejected-particles

Ampere’s Law : Antenna

Energy Relaxation J-induced B fields P(t)
Interface S
(surface) Navi
avier-Stokes Eq.
Y (e, 0) <3 Feed Gas
St(e, 6) Pw Kr Gas flow
MUIGRY B Boundary Condition (Reactor;, wall, wafer, ...)
"-I)g £

Feature profile

Surface evolution Eq. >
q Etching, Deposition

{ Current damage ]<::I Schrodinger Eq.
Heat transfer Eq. l::>[ Thermal damage ]
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particle number density < / (Boltzmann Eq.) dv
momentum balance « f (Boltzmann Eq.) vdv

energy balance <« / (Boltzmann Eq.) v*dv.
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2
a”f(z: t] — —L’:jg{z tlaﬂf[zr f) + DL,E(Z f]a HE(zf t)

SR at ’ 0z ’ 0z
+ {RI {z: t] - Rli [z'r f}}ﬂf{zr f) - Rﬁ? [zf t)HE' I:zr f}ﬂp {zﬂ' f) (?4)

For positive ions it is given by

o anp(z, t) anp( t) P np(z,t)
IEE~ o = —Vap(z, ) =L~ + Dip (2, =27 + Ri(z, ez, 1)

— Rie(z, t)ne(z, tny(z, t) — Rei(z, Hny(z, Hiny(z, 1), (7.5)

and for negative ions it is given by

2
ﬁ%—? dny(z, t) __ dny(z, t) d°ny(z, t)
N 9% Vin(z, t) 92 + Din(z, t) 922
+ Rﬂ' {z.r f}ni‘(zr t] - Rr:' {z.r t]ﬂ”(zﬂ' t]"p{zx f) (?ﬁ)

Poisson’s equation for the electric field E(z, t) and the space potential V(z, t) is

FEi7 IE(z, 1) _ PV, H _ e
0z 0z2

{ p[:"- t) — n.(z, t) — ny(z, t)}. (7.7)
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Collision rates of the electron in pure oxygen as a function of DC-E /N.
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Poisson’s equation:

li{rE 6,2 1)) + 18Eg(r B,z,t) OE.(r,0,zt)
ro r at dz
B 10 aV 192V 82V
T o \Uar ) T T a2

e
= —(np — e — 1y);
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Coulomb’s law in magnetics:

19a

__{ B,) 1 EIBB dB.

_|_
rog | dz

A NFE TR RE 2455 34E

Ampere’s law:
18B. B,
r

a0 az
Mol dz ar
19 1 0B,
Far B =750
Faraday's law:
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It8A Ri(z, t) = Nk-exp(—)
T @ "= | Maxwellian> %o

A REERTCEETELRE

Abtﬁf’g{}‘-&—
a (3 9 (z, 1) B BBiD /= 5 an.(z, )\ 3
ﬁ(i"f(z’ f 0z 9e(z ) = 3 (ng{z, Vi (z, 1) — Die— - ) KT,

=eE(z 1) (_"E (z, )Vie(z, ) + Dy, E'"ea(z, t))

A

£
— &in,(z, t) Nkjexp (_kT ('z t))
£ ’

&
— g2, (2, t)Nksexp (_kT (ﬁz t])
e ¥’

—Y ejnelz, f)Nk;-exp(—kTZ t)), (7.15)
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TABLE 7.1

Low-Temperature Plasma Model and the Variable
Model Variable References
LFA E(r, £)/N Boeuf [4]
QTE = E,_, b)) = Graves [5]
RCT f{r t)/N for momentum Makabe [6]

EE irl[r t)/N for energy

Phase space &, {r ty/N Sommerer [7]
Particle ge(r, t), (ep(r, 1)) Birdsall [8]
Hybrid — Kushner [9]
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=¢eE(z, )n.(z, t) — e (Z, ”{T?E (z 1)

9
— ne(z, )M Vye(z, ﬂE Vie(z, 1),
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E (HE"{Z: f}Em (Z, f)) —

(z, t) (_ ne(z, ) Ve (z, t) + Dy, orte (2, f})
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Qm Qexl Qerz Q/:‘

Ao NQr(e)vAt > &.

=l ———— ———————— T -| collision probability
AR IRA:

. | uniform random number

0 & 1.0 At <

NQr(s)v’

(b)

R A 2y, 48 A
BT kx4 4
1% 5 A o 2K
(6. @) = (cos ' (1-2%,), 21%,) ﬂd‘ #h :*gJ 4] ﬁ)‘zﬁ

collision point
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sinfdofd ¢

po,¢) = -

p(0) = %sin 0, KA

1 PO, $)dodg = pa©)do ps (@),
PO =50 195

T 27
l /0 pe(6)dd =1 and /0 py(P)dp = 1.

Q
1
—sinfdf =y, — cost) =1—2y,. o e singdo 1
/0 ’ Py (0)d0 f po(@)ig = 2SO0 _ L i ban,
0 4 2
[ z
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effective ionization rate is given by

1 d
Rg = M, 7.33
0 e (1, 1) dt . 1), (7.33)

the drift velocity is obtained as
00 = - (r(t) 739
T " ‘

and the diffusion tensor is given by

= li <(}‘(f) — (f(f)))2> . (7.35)
2 dt
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F(r) e r
Y E(r) = )
q " A eor? r
2 _ € .
l MM = = | it

/E(r) -ndS = i,
€0

l fE(r)»ndS:fdivE(r)dV: lf,:o(r)cl‘ﬁ.f.
S v €0 Jv

1
divE(r) = %p(r). divB(r) = 0.
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flux of magnetic field ®(t),

_do(
T dt

1 O = /B(r, t) - nds.
5

u =/E(r,t)«di’= —ifﬂ(r,f)-ﬂds.
dt Jg

B d
— . — otE(r, t —B(r, t) = 0,
/S{mtE(r, t) + atB(r, t)} ndS = 0, ‘ rotE(r, t) + o (r, t)
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fB(f) -dl = pol,
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5

l f B(r, t)-dl = f rotB(r, t) - ndS . Stokes’s theorem
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1
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rotE(r, t) = — o
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[L0 ot

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