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Development of Virtual Integrated Prototyping Simulation
Environment for Plasma Chamber Analysis and Design (VIP-SEPCAD)
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ABSTRACT

This paper describes a newly developed simulation environment for analysis and design of a plasma processing chamber
based on first principles including complicated physical and chemical interactions of plasma, fluid dynamics of neutrals,
and transport phenomena of particles. Capabilities of our simulator, named VIP-SEPCAD (Virtual Integrated Prototyping
Simulation Environment for Plasma Chamber Analysis and Design), are demonstrated through a two dimensional
simulation of an oxygen plasma chamber. VIP-SEPCAD can provide plasma properties such as spatiotemporal profiles
of plasma density and potential, electron temperature, ion flux and energy, etc. By coupling neutral and particle transport
models with a three moment plasma model, VIP-SEPCAD can also predict spatiotemporal profiles of chemically reactive

species and particles exist in plasma.
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Fig. 1. VIP-SEPCAD Modules.
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Table 1. Electron Impact Reactions in Oxygen Plasma

Table 2. Reactions among Ions and Neutrals

Momentum transfer
Rotational Excitation
Vibrational Excitation (v=1)
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Other Molecular Excitations
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Dissociative Excitation (14.0)
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Dissociative Attachment

Ion Pair Formation
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Other Atomic Excitations
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e+0,—~e+0,
e+0,~>e+0,(1)
e+0;~>e+0,(v=1)
e+0;>e+0y(v=2)
e+O;~e+0,(v=3)
e+0,>e+0,(v=4)
e+O>e+0,(a’ D)
e+05 e+02(b'2+g)
e+0,—e+0,*
e+0;—~e+20
e+0,—~e+0+0('D)
e+0—~e+20('D)
e+0—e+0+0('S)
e+0,—2e+0,"
e+0,~2e+0*+0
e+0y~>0+0"
e+0;—e+0"+0~
e+0 —e+0('D)
e+0 —e+0('S)
e+0 —e+0*

e+0 —2e+0*

=gt}

£ X electron impact reaction®l] €]} A
4E 2Hs A1) metastabled] Oy(a'Ay)7F 714 3e)
9] b4 A3 OCP)st Zo] oAt Fole

o] A2 5 ¥ photoresistE

shet A

217} 3}74‘4 Atstets SEAI o AR E419] metast-
able®= Q3+ AL & Zolg} 5T £ Ut}
Z&zutE o83 T4 01]/‘1 = sputtering, homo-

geneous/heterogeneous reaction &

T oA J2E 3

| Ze] BAE & e J}FJ%A o] P& &

Holut

(a) Plasma Potential (V)

(d) O," Number Density (#/cm?)

$3ol 93k} JAsA Bk, £ =R

(b) Electron Temperature (eV)

(e) OCP) Number Density (#/cm®)

0*+0,—~0,"+0 0;7+0,(a' A )—20+e

O~ +02_’02 +O O[+02(b12g+)—>202+e

0O +0™—0+e O_+02(a1Ag)—>O3+e

0 +0,—0,+0 O +0,(b'y > 0+0,+e

0O +0,—03+e 20+0; 02(3 Ag)+02
07+0,*>0+0, Ox(al2)+0—0,+0
02_+02+“‘)202 02(b12g+)+02_’202
e+0™—0+2e 02(b12g+)+02—>

20+ 02_>202 Oz‘f‘Oz(aIAg)
0(!8)+0—20 02(b12g+)+0—>0 + 0,
O(]S)+02_’O+02 02(b12g+)+0—’
0('D)}+0—20 0+0,(a'a,)
O('D)+0~> O('D+0;~

0+0,(aly) 0+0,(b'S,")

42 Fekze) Ao oo A3 i) b

o tigk Alglol S TS ATl AFE uhet
o) Bolxr Ao1S) ot A purices) 4%
2 Fig. 3] ep Belnle) 24, Bojzo} )
Fol 54 &2, 23} Brownian <59 9Jsled g
g W, Fg 42 eI EE0] FIIN 2gohe o
e Yol SJzhel SEStel A mPe o
el <] 7]°ﬂ upet Zeh=nt Y] i) 225
o) gl BENT epdch Bzl go) s

zse %ﬂ«l AAe} ol e5o] Halo] A=} 4
AF oz g HA At Sezrle] A9 Fg

(@l B rhe} 2o

a].zu]. JQH]_] tﬂy_u} 31)\1- =

7] Wl &35 ¥ JE]FE-2 plasma sheathol

7= A= Aol oste #g3h=
force™ Tl bulk plasma %

Fig. 3. Time-averaged Plasma Property Profiles in Oxygen Plasma Chamber.
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Fig. 4. Size Dependent Trapped Locations of Partcles in Oxygen Plasma Chamber.
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