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CFD-ACE+ Plasma Tutorial

Plasma - 2D ICP Model

Base Case

Flow/Heat/Chem/Plasma/Magnet
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Aim of this tutorial oo
[ [ ———

= Numerical solution parameters 29!

= offd A S ANt HE

>

X O] |HIE 7|8t = of2fef 22 F7HHQl s ZiWo| 7ks L Ct.
@ Add Surface Deposition Mechanism
@ Specifying ICP Power
3 Non-Maxwellian EEDF (LUT)
@ Sheath Model for IED, IAD
® lon Momentum Equation, Improving Convergence
® Pulsed ICP
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ICP - Base Case T Zglo|
... Communication

pA

> SiM H8

= 2D Axisymmetric Domain (X552 ACE+0|A J&H CHE Q| =)

A 71
» Ci O|'§T':
o DAL= IS Z2 Ar, Ar+, Arr & MK}

4 step gas phase kineticse @& HE, O 7|(excitation) X THAX O|23t2 T4
29| ALt 0] 7| (excitation) A EHL| B0 7|(de-excitation)E T4

= Quasi-neutral plasma : MAt 2= 0|2 ol oz A

« 2 step gas phase kinetics& O]

. OFIA FM7|E

OEILO
= = R YT 3Y E= Aol HO[oA0M §H EF 2 BlS
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ICP - Base Case

Al
= HH ol &2 10mTorr

» Colil current = 10A, 0.4 MHz
("Why Low Frequency?” — 5page & 1)
Fixed mass inlet : Ar at 9.474 x 10-7 kg/s (35 sccm)

o
B0l 200mm HH2 7|
(@]

Argon Inlet

NN 7 21 0] 91 A
H Engineering &

... Communication

Ceramic . .
Dome ',Inductlve Coils

Pedestal

/ Wafer
7 Bias

__—> Dielectric

utlet
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ICP - Base Case === Engineering &

... Communication

< Why Low Frequency?

= Electron collision frequency with background gas, v (units = 1/s or Hz)

= rf driving frequency, f = w/2r (units of 1/s or Hz)

= Consider 2 different electron heating regimes — collisional and collisionless depending
on whether electron collisions with the background gas are numerous on the rf time
scale.

= Compare v and f : if v >> f, collisional heating occurs. For collisionless heating to be
significant, v << f should hold true and additionally electrons have to pass through
strong electric fields, not undergo collisions with neutrals and dissipate the gained
energy elsewhere.

» In our reactor, in much of the dome v << 6 MHz. So efficient collisional heating cannot
occur in higher frequencies (like 13.56 MHz excitation). Further there are no strong
electric fields for collisionless heating. Therefore, the coil excitation was chosen to be
low at 400 kHz, so v >> f in much of the dome and collisional heating can occur.

» v is a function of gas pressure. As pressure increases, v increases.

|
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Engineering &

... Communication

/

% Import Grid System into CFD-GUI
File — Open — Argon_10mTorr_10AmpCoilcurrent.DTF

caleg Centimeter[cm] B2 A H

File Edit View Units Tools Window Help

§ General Information
4

BUHE - ealaffdE P

&

Description: Argen_10mTerr_10AmpCoilcurrent
Total Boundaries: 168
Total Volumes: 23
Total Modes: 6129
Total Cells: 10937
Total Zones: 23 (0 Structured, 23 Unstructured, 0 Poly)

File Information

File Name: 1a_Training'\BaseCase\Argon_10mTorr_10AmpCoilcurrent.DTF
DTF Version: 7.8.6

Model Setup By: CFD-ACE-GUI V2013.3.0.10501

Scaling Information

Please verify your model scaling!
The current scaling factor for dlg simulation is 0.010000.

« The minimum and maximum dimensions for the entire model are;
= Kmin (m): 0 Kmax (m): 038
Grid Scale VisuaIScaIel s Hotationl Lighting Editorl Vemin (m):  341223E-019 Vmax(m):  0.206193
& Scale kntimeter [em] vI |0.01 Hem): 0 ~ 38 | Y(cm) 341223
-Close
‘AS 2 VYYYRe ae =B

CFD-ACE-GUIO| A DTF It OpendtALt, CFD-GUIC| Xt ATt File — PropertiesE &l

Model Properties — scaling information 29! 7t&
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||| [E—
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% Choose Physics Modules
PT(Problem Type)
> Flow, Heat, Chem, Plasma, Magnet 2& &4
Molvc] Bc| ic| sc| out| Run|
Modules
Mass and momentum, pressure correction IR—— >
Gas Temperature B o ||7 Heat Transfer (Heat:]|

I Turbulence (Turh)

Heavy species mass fractions, reaction rates S
> ||7 Chemistry/Mixing (Chem)|

I User Scalar (Scalar)

[~ Radiation (Rad)

[ Spray

[~ Macro Particle (MacP)

I Free Surfaces (WVOF)

[~ Two-Fluid {Fluid?)

I Cavitation (Cav)

[~ Stress

I Grid Deformation (Deform)
Electron Density and Temperature e > plasma |

I Electric (Electr)
Magnetic Fields, Coil Currents, ICP Power R IS ———— > ¥ Magnetic (Magnet) |

[ Kinetic

[ Semi Device
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ICP - Base Case T Zglo|
... Communication

% Setup - Model Options
MO(Model Options) pT ve| Be| ic] sc| out] Run |

= OB 2
> Share(E E mOdUIeO'“A-I o o o= A|-O) Simulation Description

. . Flow
o Title : ICP Ar plasma e | Title |ICP Ar Plasma

& Polar : Axisymmetric Plasma | Polar (Axisymmetric about X-axis)
& Time Dependence : Steady e
Adv

Transient Conditions

> F|OW Time Dependence

& Reference Pressure = 1.33 N/m? - ve| 8| ic| sc | out| Run]
(Units conversion 10 mTorr = 1.33 N/m?)

Shared _ [ Pressure

—
m Reference Pressure |1.33 | N/m”2

> Plasma
& Plasma Model : ICP

& Power control: Coil Current

Recall that electron density is obtained from quasi-neutrality
and the sheath is not mesh resolved.

pt [Mo]| vc | Bc| ic] sc| out| Run|

> Mag net SISl Magnetic Field Option5| = AC Single Frequency
Flow .
& Magnetic Option : AC Single Freq. | Ml S e
AC Single Frequency
¢ AC Freq.: 0.4 MHz Plasma
Field Frequency| |400000 | He
The magnetic vector potential is solved in the frequency domain Adv
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ICP - Base Case T Zglo|
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% Setup - Model Options

MO(Model Options)

» Advanced PT ve| e ic] sc| out| viz| Run |

¢ Gas Heat options are relevant

Shared g0
& Check Temperature Equation Flow | I Simple Flow Model
Chem
. [ Slip Walls
o Check lon Joule Heating Plasms _
Magost [ Slip Inlets
& Check Surface Heating (lon Impact) P Eiti
[ Fluid Type
Heat of recombination of ions and de-excitation of excited —

species at surfaces are always included by default as source
terms for the solution of temperature in the gas and in solids

[ Moving Solid (Specify Solid Motion under VC/Heat)
[ Heat Exchanger Model

Direct Simulation Monte Carlo Method (DSMC)
[~ DSMC

[~ Surface Sputtering
Plasma

Electron Energy Distribution Function

— Mazxwellian EEDF

Electron Contribution in Flow Pressure

[ Electron Pressure

Gas Heat
¥ Temperature Equation
[¥ Joule Heating by lon Current

I¥ Surface Heating by lon Impact
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ICP - Base Case

% Setup - Model Options
MO(Model Options)

» Chem

¢ Chemistry Media : Gas Phase

& Solve For : Species Mass Fractions

& Reaction Name : Argon

File Edit Database

ABSBHHES

& 0w E LT

|'*g' Volume Reactions j

= Argen_10mTorr_10AmpCo
+ PLASMA
Local
-1 ESI
+ CVD
-1 PLASMA
o)
Argonl
q%p Argonl_high_pn
‘g’ Argon_high_pre:
&6’ ArgonCrxygen5il
& ArNF3
%P Cor6_O2(sandia]
¥ CoF6_02.65s
¥ cra
q%p Chlorine

%8 Chlorine(E.Meek

&6’ Helium

Name Argen
Notes Cross sections are taken from JILA database, University o ado

Mechanism Type: |Finite-Rate (Species Approach in Gas Phase) - Multij Ac

Reaction Steps

Mo Equation Motes Apf nf
AR+E->AR++2E 12E-013 0
B2 AR+E->AR*+E 12E-014 0
53 AR*+E-»AR++2E 3E-013 01
4
[

=B Add B

Reaction Step Properties

Bl Step 1
Equation AR+E->AR++2E
Marme
Motes ref, JILA

Comrmne | mre

PTVC]BC]|C]SC]0ut]Run]

Shared

Flow

Plasma

Magnet
Adv

Reaction Name |PLASMA/Argon

AN 74 21 0] H 4
H Engineering &

... Communication

Solve For | — Species Mass Fractions

[¥ Gas Phase Reaction

L]
rgon

**g' Argon_hit
% Argon hial

Define...
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ICP - Base Case B 750
... Communication

Setup - Volume Conditions
VC(Volume Conditions) — Fluid @< (Plasma) 24 &4
VC {20 M= Volume 7|ENM |FX/X = =dO0ILt Source termE 28EE = UASLICL
» Properties (VC Setting Mode)

& Phys : Density — Ideal Gas Law

. . . . . pT| mo [vc] ec| ic| sc| out| R
We are not interested in modeling any discharge in the o [vcflbc | ic| sc| out] mun
Air outside the Dielectric, so Air is treated as a Solid VC Setting Mode

Properties — Fluid

Volume Mame | VC Type Blanked | €> Properties | Zone Key
—_ Material
[1 Ground Solid Ground
Diclectric Solid 3 761 Property Sources  —4 User Input
Bias Solid 4 764 :
Wafer Solid 5 767 - ~  Density
Plasma Fluid 7 844 Fluid —i |deal Gas Law
Air Solid 10 836 Therm
Chem
v P P MW,y
R-T
. . . . . Pl
& Fluid : Viscosity — Mix Sutherland’s Law =
Viscosity
AiT3/2 = —i Mix Sutherland's Law |
U= Xi Therm
B;+T
i t Chem
. M
Accurate if A & B are known il
Plasma
¢ Therm Phys - Specific Heat
Fluid — Mix JANNAF Method
Specific Heat : Mix JANAF Method

Chem [ Thermal Conductivity

Mix Kinetic Theory : Mix Kinetic Theory o

Plasma
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ICP - Base Case T Zglo|
... Communication

% Setup - Volume Conditions

VC(Volume Conditions)
» Properties (VC Setting Mode)

. .. . . . Phys iffusivi
& Chem : Mass Diffusivity = Multi-Component Diffusion —
Fluid |—l Multi-Component Diffusiorl
Thermo Diffusion, Conservation of Species 1 E# = % [Thermo Ditfusion

[¥ |Conservation of Species

Species Conservation = Stefan Maxwell

MObllIty = blanc Law Plasma - Species Conservation

Mobility

¢ E/M : Relative Pereability
PlasmaOil Al = Electric ConductivityZt 2|0] g
Mt 5& FLt=r, Coil Current angular frequency@t Plasma FLtE A 4510 Plasma

ConductivityS Al 4tet
Phys Electrical Conductivity

i ~ |sotropic
Therm

Electrical Conductivity (Resistivity)

Ch
i —i Constant
- sowp e Sigma |0.0001 ¥| 1/ohm-m
o=
19m + V— 1(1) Relative Permittivity
\L \ — Constant
Electron colli-freq coil current angular freq ! |
Relative Permeability
— Constant

Electron plasma-freq: w, =/ e’n,/gom, =
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ICP - Base Case

% Setup - Volume Conditions
VC(Volume Conditions)

» Properties (VC Setting Mode)

& Plasma : Electron Collision Frequency = Function o

f Te
“Function of Te" (X-sec HIO|E{7} Q= 2T UEH U3 ER)
> s9%0| 22 I MA} £40]| CHoff Q28 =L = US

Electron Diffusion Coefficient = Einstein’s Equation

lon Diffusion = From mobility (Einstein Eq.)

Phys - Electron Collision Frequency

AT — Function of Te
Therm
Chem

Electron Diffusion Coefficient

I—l Einstein's Equation |

lon Diffusion

| —i From mobility (Einstein Eq) |

Electron mobility : He = e/ my9,,

Electron diffusivity: D, = T.u,

Engineering &
Communication

|
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ICP - Base Case

% Setup - Volume Conditions

VC(Volume Conditions) — Coils 24 dH
» Properties (VC Setting Mode)
o Coils 28 & = Solid 282z HE
23t HOo|AM Pure Metals/Copper &4

# Phys : Density = 8960 kg/m?3

& Therm : Specific Heat = 385 J/kg-k
Thermal Conductivity — 385 W/m-K

¢ E/M : Electric Conductivity = 0 [1/ohm-m]

1l
—

Relative Permittivity
Permeability = 1

Zero electrical conductivity is specified for the
coil VCs to avoid numerical difficulties related to
skin effects

Coil current is specified in VC Setting Mode
Magnet later.

||| [E—
gineering &
... Communication

Name WC Type Blanked |Zone Key
3 Ground Solid
1  Chamberwall  Solid
(& cois Solid
#  Dielectric Solid 3 761
& B Solid 4 764
B wafer Solid 5 767
%  Plasma Fluid 7 244
& air Solid 10 856

pT| Mo Bc | ic| sc| out| viz| Run |
VC Setting Mode
i Properties
Properties — Solid

Material

Property Sources| — Import From Database

Solid Material Name| [Pure_Metals/Copper =] | Define...

Therm
E/M

— Constant

Rho| [2960

é kg/m*3

Phys

Specific Heat

— Constant
cp [385

— Constant

= kgk

Thermal Conductivity

K| [385 | wim-k

Phys

Electrical Cenductivity

~ |sotropic

Electrical Conductivity (Resistivity)

~i Const Conductivity
Sigma| o

— Constant

fr—
\u’a\ue”'l—‘ =

— Constant

\u’a\ue“'l_‘ =

g 1/ohm-m

Relative Permittivity

Relative Permeability
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ICP - Base Case 11

||| [E—
gineering &
... Communication
% Setup - Volume Conditions
VC(Volume Conditions) — Wafer 24 4% me e [dered e e
Groun Soli
> Properties (VC Setting Mode) 2 e
Dielectric Solid 3 761
¢ Phys: Density = 2650 kg/m3 5 35 solo : o
& Therm : Specific Heat — Constant and Cp = 840 J/Kg-K e e P
Thermal conductivity — Constant and K = 1 W/m-k
& E/M : Electrical Conductivity — Isotropic and Sigma = 0 1/ohm-m
Relative Permittivity — Constant = 4
Relative Permeability — Constant = 1
.. . Mame VC Type Blanked |Zone Key
VC(Volume Conditions) — Air B4 MH I G e
» Properties (VC Setting Mode) B owere oo -
Bias Solid 4 764
& Phys : Density = 1 kg/m3 e el : il
Air Solid 10 856

¢ Therm : Specific Heat — Constant and Cp = 1000 J/Kg-K
Thermal conductivity — Constant and K = 0.023 W/m-k
¢ E/M : Electrical Conductivity — Isotropic and Sigma = 0 1/ohm-m
Relative Permittivity — Constant = 1

Relative Permeability — Constant = 1

|
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ICP - Base Case === Engineering &

... Communication

% Setup - Volume Conditions

VC(Volume Conditions) — Bias B4 MH
» Properties

& Property Sources — Import from Data Base — ESI — Steel_AISI_1020 41EH

=]
X F HAIX|IZF A H =ols 2550 Ji fUEN FAteas 25 12 28E/M B)

Material
Property Sources |4 Import From Database |
T VC Type Blanked |zone key Solid Material Name |SteeI_AISI_‘IDZD

3 Ground Solid Argon_10mTorr_10AmpCoil
[0 chamberwal  Solid Phys . - Local
0 cois Solid K Density 4 Pure Metals
#  Dielectric solid 3 761 Fluid -

Bias Solid 4 764 Therm = Esl

Wafer Solid 5 767 + Polymers kg/m*3

Plasma Fluid 7 844 EM + Dielectrics

E

Air Solid

=]

e Aluminum_Alloy

Magnesium_Alloy
Titanium_Alloy
Zinc_Alloy

1| | »
o, . =
VC(Volume Conditions) — Ground 4 &%
H Mame WC Type Blanked |Zone Key
> Propertles (@ Ground solid
. o o [ chamberwall Sclid
¢ Bias %Ao-l Jé'l?é-l I|_|-IO'|I|_|- %Oalol-}" xI_|%|;| @ cois solid
@  Dielectric solid 3 761
X ConductivityE 02 473 @ oies Solid 4 764
88 wafer Solid 5 767
Z  Plasma Fluid 7 844
Alr Solid 10 856

|
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ICP - Base Case

% Setup - Volume Conditions

VC(Volume Conditions) — Dielectric 2 &4

» Properties (VC Setting Mode)
¢ Phys: Density = 1000 kg/m3
& Therm : Specific Heat — Constant and Cp = 1000 J/Kg-K
Thermal conductivity — Constant and K = 1T W/m-k
& E/M : Electrical Conductivity — Isotropic: Sigma = 0 (1/ohm-m)
Relative Permittivity — Constant = 1

Relative Permeability — Constant = 1

VC(Volume Conditions) — Chamber Wall 24 &%

» Properties (VC Setting Mode)
& Phys : Density = 2650 kg/m3
& Therm : Specific Heat — Constant and Cp = 840 J/Kg-K
Thermal conductivity — Constant and K = 1.3 W/m-k
¢ E/M : Electrical Conductivity — Isotropic: Sigma = 0 (1/ohm-m)
Relative Permittivity — Constant = 4

Relative Permeability — Constant = 1

oo

Mame
Ground
Chamber_wall
Coils

VC Type

Solid
Solid
Solid

Blanked |Zone

||| [E—
gineering &
... Communication

Key

Dielectric

Solid

761

Bias
Wafer
Plasma
Air

Mame
Ground

Solid
Solid
Fluid
Solid

VC Type

Solid

i B I S %)

Blanked |Zone

764
767

836

Key

Chamber_wall

Solid

Coils
Dielectric
Bias
Wafer
Plasma
Air

Solid
Solid
Solid
Solid
Fluid
Solid

e B LI S

761
764
767

856
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ICP - Base Case O-0

||| E——
gineering &
... Communication
’ [ ] [ ]
% Setup - Volume Conditions
VC(Volume Conditions) — Coils Current 27
Mame VC Type Blanked |Zone Key
. 1 Groun oli
» Magnet (VC Setting Mode) - ghamgwu sole
Coils Solid ‘
VC Setting ModeO| A PropertiesE Magnet2 2 HZ4 oo o Dl
Wafer Solid 5 767
— Magnetic Field Source &3 Plasma Fluid 7 211
Ajr Solid 10 856

& Magnet : Electric Current — AC Source — Current (Real) = 10 A

pT | Mo ] 8c | ic| sc| out| Run|
WC Setting Mode

| |+ Magnetic Field Source

Magnet
e Electro Magnetic Source

Electric Current

[ Specify Current Density
Field Frequency |400000 Hz

Current({Real] A
Current{lmaginary) |0 | A
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Engineering &

... Communication

Setup - Mixtures in Database .

Database — Mixture &7 Fle Edt View Units o i
BEE - oM |

Active Mixtures & Species...

» Tool — Database...
B Parametric Input...
X Mixtures BAZA & Z=7|=H0|M AHSELICL - MOD File..

CFD-GUI Z=MEt Tool — Database... A EH

(Database Manager0{|A| Chemical species, mixtures, surface reactions, volume reactions 0| 2| &)

+ Database Manager — Mixtures 00| & 22
(Mixture H2|E 2|¢t Mixture 20|02 £ Database &0| HAE)

8 Database Manager: Gas
File Edit Database Units

e R A N 14 &

Gas |; )1% EF % 1 i i
i File Edit Database Units File Edit Database Units

elect Database — _ . =

&A% I & W 1 -

] Gas - ya i

Liquid I[)p, Mixtures :I I% ( |:> £ New Folder - . ok

Solid Import :|

+[Argon_10mTorr_10AmpCoilcurrent Import Chemkin |

£ Species + Local Export

5?3:5 Bulk Species - ESI I

6329 Surface Species + AlGaN -0 Close

% Surface Site @ + AlGaN

«2+ Gas Mixing Rules

@ Argon_10mTorr_10AmpCoilcurrent 41 &
@ File |50l A1 New A& or New OtO| 2 MEH

(MZ2 mixtureS HEZ & QT = Database® 0| HAE L|CL)
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ICP - Base Case T Z2lo]ol
... Communication

% Setup - Mixtures in Database

Database — Inlet Mixture &%

» Tool — Database Manager — Mixtures

@ Name ZHOf| Inlet & &

(3F Boundary Condition 278 Al 7&) »ﬁ;" f ng e L
L me X
@ Available SpeciesOfl A ARS 1 EH " [ Name [imie |

. - MNotes
Mass Fraction: 1 88 & Add HE 22

Available Species Species in Mixture

A I = Argon_10mTorr_10AmpCoilcurn = Species Mass Fraction
® Apply &[ar]
& AR

5?}, AR+
AE
Local
-1 ESI

£ ACTHI4 " Concentration
£ Appuct  Flow Rate (SCCM)

ﬁ AL " Flow Rate (SLM)
ALCL3

£ ALN 1
L ALNP

£y ALNHZ I:I
£ AR2+ <3 Remove

Ly asz2

£ AsH

£ AsH2

£y AsH3 1 |
‘l 5?3 BCL2 ‘ L’ﬂ Total Mass: 1

Apply | Beset
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ICP - Base Case

% Setup - Mixtures in Database

Database — Initial Condition Mixture &%

» Tool — Database Manager — Mixtures

@ Name 2t0f| init 22
@ Available SpeciesO|A] ARS M EH

Mass Fraction : 0.99999 &8 = Add H
® Available SpeciesO|A] AR*ZS A1 EH

Mass Fraction : 1e-05 & & Add HE

@ Apply 28

PeSYE 82 FNT

Engineering &
Communication

ek | & X

Name

Notes

Available Species Species in Mixture

= Argon_10mTerr_10AmpCoilcurr Species Mass Fraction
& AR AR 0.99999
& v &5 AR+ 1e-005
5?}, AR+
At Input

Local

6?6 ACTHI4 " Concentration
£ AppucT " Flow Rate (SCCM)
&AL " Flow Rate (SLM)
A ALcLs
& ALN 0.99999
£ ALNP
£ ALNH2
£ AR2+ <9 Remove
& as2
£y ASH
&y AsH2
£ ASH3 1] I

‘l zb BCL2 | ﬁ Total Mass: 1

Reset
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ICP - Base Case

% Setup - Boundary Condition

BC(Boundary Conditions) — Inlet 474
» General (BC Setting Mode)

|/ Boundary Namel BC Type |BC SubType |Blanked |Q General |Zone |Ke_',r
[1 Ground-External Wall Mo Sheath Model Ground-Ex...
D Ground-Solid Interface Ground-5o...
—> TS Inlet 7
22 Outlet Outlet 7
(3 solid-Plasma Interface Solid-Plas...
[0 Symmetry Syrmmetry Symmetry

Boundary &=0{A inlet 41E4
& Flow : Temperature = 300 K
Mass-Flow Rate per Patch — Mdot = 9.474E-007

NN 7 21 0] 91 A
H Engineering &

... Communication

PT|MO|VCIC| sc| out| Run |

r BC Setting Mode

— General

r BC Type

— Inlet

(External Face on Fluid Yolume)

Flow

SubType — Fix Mass. (Normal)

Chem
Plasma | Pressure
Magnet ~ Constant
o
Reference Pressure I‘I?»E'r—
r Temperature
~ Constant
T [300

r Mass-Flow Rate per Patch

— Constant (Inflow: +v

Mdot (per radian |9.4T4E—Dﬁ?
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ICP - Base Case T Z2lo]ol
... Communication

% Setup - Boundary Condition

BC(Boundary Conditions) — Inlet &7

pT}MO}VC BC\ICISC}OutWRuM

» General (BC Setting Mode) PEERTY s
~ General
BC Type
S0 it AE
BOU ndary % — Oﬂ A-I Inlet = (External Face on Fluid Volume)
’ Chem . MIXtur’eS QEO‘HA-I |n|et A-i E—||.I Flow Mixture Definition — Constant
Ch
— Mixture Name |in|et F Define...
Plasma
— = Argon_10mTorr_10AmpCoilcurrent =
IMage T8 initial
i
= Local
[$ BD_mixture
I BD_02
[ BD_outlet
¥ Chlorine =
[E inlet_H
[# inlet_NH3
It my_mixture
= ESI -
Flow
& Plasma : Thermal Flux Balance o Plasma
em

Electron Temperature
Magnet = Thermal Flux Balance

Fixed Gradient
Fixed Te

& Magnet : Extrapolation FIoW Magnet

Chem SubType
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ICP - Base Case

% Setup - Boundary Condition

BC(Boundary Conditions) — Outlet &7
» General (BC Setting Mode)

f Boundary Mame BC Type BC SubType Blanket
1 Ground-Solid Interface
E- Inlet Inlet
— T
2 Ssolid-Plasma Interface
3 Symmetry Symmetry
Wafer-Bias Interface

Boundary &=0{A Outlet &4
& Flow : Temperature = 300 K
Pressure = 0
¢ Chem : Initial

& Plasma : Thermal Flux Balance

& Magnet : Extrapolation

HEE 77 0] M
H Engineering &

... Communication

PT]MO]VCVR]IC]SC]Out]V\z]Run]

BC Setting Mode

— General

BC Type
— Qutlet

(External Face on Fluid Velume)

.
SubType — Fixed Pressure

Plasma

Chem
Pressure
Plasma
Magnet — Constant
P o =] nme2
Reference Pressure |1.33 N/m#2
Backflow Temperature
— Censtant
T |300 =| Kk
Flow Mixture Definition — Constant
Mixture Name |initial
Plasma
Magnet
Flow

h

Electron Temperature

=i Thermal Flux Balance

Magnet

Flow SubType — Extrapolation

Chem

Plasma
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ICP - Base Case ===Zi;if§n'g%w

... Communication

% Setup - Boundary Condition

BC(Boundary Conditions) — Air-Block 74
» General (BC Setting Mode)

/' Boundary Name |BC Type BC SubType Blanked |
—> | Air-Block Wall Mo Sheath Model
[ ChamberWall-Air  Interface { PT] MO] VC IC] 5 ] OUt] Ru”]
31 ChamberWall-Bl... Wall Mo Sheath Model { BC Setting Mode
A Coils Interface { ~ (General
1 Dielectric-Bias Interface [
BC Type
1 Ground-External Wall Mo Sheath Model { Wi
e - a
(External Face on Sclid Volume)
S H Heat SubT —i |sothermal
Boundary &=0{A{ Air-Block 41&4 e
Temperature
— BC Type Wall Aé'g %I'O|_I —i Constant
T (300 = K

& Heat : Isothermal Temperature = 300 K

SubType | — Fixed Pot. (Cart)

* Magnet . FlXed Potentlal Z-Direction Magnetic Potential(Real)
~ Constant
Az (Real) =0 Az{Real) ¥| V-s/m
AZ (|mag|nary) = O Z-Direction Magnetic Potential(lmaginary)
~ Constant

Az(lmaginary) j ¥| V-s/m
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ICP - Base Case B 7 20| 24

Engineering &

... Communication

% Setup - Boundary Condition

BC(Boundary Conditions) — ChamberWall-Block 7’8
» General (BC Setting Mode)

/ Boundary Name BC Type BC SubType Ela
% Air-Block Wall MNo Sheath Model
O ChamberWall-Air Interface
mm gl ©  ChamberWall-Block  Wall No Sheath Model e | o] ve[ Bc] | sc | o] Runl
3 Coils Interface BC Setting Mode
[0 Dielectric-Bias Interface ~ General
[0  Ground-External Wall Mo Sheath Model BC Type
— Wall
(External Face on Sclid Volume)
Heat
Boundary -5 0{ Al ChamberWall-Block 1 &4 SubType —Isothermal
Temperature
— BC Type Wall AE-ig gl'ol_l —i Constant
T (300 = K

& Heat : Isothermal Temperature = 300 K

SubType [ Fred Po. (o]
* Magnet . FlXed Potentlal Z-Direction Magnetic Potential(Real)

— Constant
Az (Real) = 0

Az(Real) | V-s5/m
Az (imaginary) = 0

Z-Direction Magnetic Potential(lmaginary)

~ Constant

Az(lmaginary) j ¥| V-s/m

KWENC CAE solutions provider
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ICP - Base Case ===Z,‘;if§n'g%w

... Communication

% Setup - Boundary Condition

BC(Boundary Conditions) — Wafer-Plasma 78

» General (BC Setting Mode)

MName BC Type BC SubType Elan BC Type
3  Ground-Solid Interface No Sheath Model ~i Interface
3 Ground-External wall Mo Sheath Model (Fluid-Solid Interface)
- S}Ir_nmEtr}l S}Iml_rnEtr}l Special Feature (Interface Splitting)
3 solid-Plasma Interface Mo Sheath Model -
(1 Dielectric-Bias Interface No Sheath Model SPSE Tt
3 chamberwall-Air Interface Mo Sheath Model
3 Chamberwall-Block wall No Sheath Model _FIoW - Gas Phase
3 coils Interface Mo Sheath Model ﬁ SubType
P . . . : -Chem
g| Wafer-Dielectric Interface Mo Sheath Model p|— Surf React Name ,m Define...
£ i f asma
ESI -
—» Magnet
=] PLASMA
Outlet Outlet _
Inlet Inlet ArgonOxyg
2] air-Block Wall Mo Sheath Model B A3
P CoFE_metal
RP Cor6_02 8.
P core 02
P CoF6 Si_etc
—_ - &P cors_sioze
Boundary &= 0{A Wafer-PlasmaEt W
21— f

— BC TypeOf|A] interface(fluid-solid) A7 =0l

& Flow : No Slip

KWENC CAE solutions provider



ICP - Base Case

% Setup - Boundary Condition

BC(Boundary Conditions) — Wafer-Plasma 2%

» General (BC Setting Mode)

& Chem : Surface Reaction — ESI — Plasma = Argon

(HALZE =ol&

[== e

B 7 210|
Engineering &
HER

Communication

2|5 M Tools — Database — Surface Reactions — Argon 2+Ql)

|| Fle Edit Database

|
EREN

LS W RY

o |

& $ !W hv E:S éo R__‘é: H“E Surface Reactions

EICEIE Y-S

# Argon_10mTerr_10AmpCoilcurrent
[+ Local
d

=1 PLASMA

%]

- B ArgonOiygenSilane_Si02c
2P A3

P CoF6_metal_wall

5P C2F6_02_8step_dep
P CoF6_02_Bstep_wal
5P C2F6_Si_etch(Sandia)
-B® CoF6_Si02etch(Sandia)
5P Cra

B2 Chlorine(E.Meeks)
E Chlorine_Chamber
E Chlorine_Window
u M2_high_pressure
E Mitrogen

B2 Owgen

-3 sFe 02

- E SurfReact

Name Argon

Notes
Mechanism Type: |Finite-Rate (Species Approach in Gas Phase) - Multij Units: ISI j
.1 Surface Site
=1 ESI
: cvD
PLASMA
“ Bulk Species Surface Species Species
ACTH14
4% C(g) A ApDucT
|85 GAASE) & AL
©| 43 GANG) R £ ALCL3 R
[ Reaction Steps
No Equation Motes Type | Apf nf (Ea/R)f | Apb nb

(5C) 1

B2 AR*->AR

¢ Plasma : Sub Type = No Sheath Model
Electron Temperature = Thermal Flux Balance
¢ Magnet : Extrapolation

|
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ICP - Base Case

% Setup - Boundary Condition

BC(Boundary Conditions) — Solid-Plasma ‘278

» General (BC Setting Mode)

Mame BC Type BC SubType Bla
Ground-Solid Interface Mo Sheath Model
Ground-External Wall Mo Sheath Model
Symmetry Symmetry

CooOEooD

Mgl Solid-Plasma  Interface  NoSheathModel
Dielectric-Bias Interface Mo Sheath Model
ChamberWall-Air Interface Mo Sheath Model
Chamberwall-Block Wall Mo Sheath Model
Coils Interface Mo Sheath Model

Boundary &=0{A Solid-Plasma &f

— BC TypeOll A interface(fluid-solid) &7 =t¢l

¢ Flow : No Slip

& Chem : Surface Reaction — ESI — Plasma = Argon

¢ Plasma : Sub Type = No Sheath Model

Electron Temperature = Thermal Flux Balance

& Magnet : Extrapolation

|| | [E——
gineering &
... Communication

PT]MO]VCVR]lc} sc| out| viz| Run |

BC Setting Mode

— General

BC Type
— Interface
(Fluid-Solid Interface)
Split Selected Interfaces

FIOW - Gag phase
Heat

Plasma

SubType —i Surface Reaction

Surface Reaction Name |PI_ASMA/Argon Q Define

Magnet Active Area Factor | =

I Monitor Deposition/Etch Rate

Flow
Heat

Plasma
SubType — Mo Sheath Model

Electron Temperature

— Thermal Flux Balance

¥ Z2l=0 Hr29o| B E HEMHO|A Surface Reaction HF{L|E2 X| ™8| Z=0{0f gtL|C},

KWENC CAE solutions provider



ICP - Base Case B 750
... Communication

Setup - Boundary Condition

BC(Boundary Conditions) — Ground-external &8
» General (BC Setting Mode)

Mame BC Type BC SubType Blar pT| Mo | ve wR | 1c| sc| out] viz] Run |
[0 Ground-Solid Interface Mo Sheath Model BC Setting Mode
- Ground-External ; Mo Sheath Model e eral
@ Symmetry Symmetry
3 solid-Plasma Interface Mo Sheath Model BC Type
(3 Dielectric-Bias Interface Mo Sheath Model Wl
3 chamberwall-Air Interface Mo Sheath Model (B 22 o SElie Vallry
(3 chamberwall-Block Wall Mo Sheath Model B
A coils Interface Mo Sheath Model Magnet
Temperature
— Constant
T [300 =| K
Boundary &=0{X Ground-external & ot cell

- BC TypeoﬂA_I Wa” AE*XC-)l if?_' I~ Sclid Cell at wall

Wall Heat Source

I~ Wall Heat Source

& Heat : Isothermal — Temperature T = 300 K

& Magnet : Extrapolation
SubType — Extrapolation

KWENC CAE solutions provider



ICP - Base Case === Engineering &

... Communication

% Setup - Initial Condition
p1| Mo | ve | e [1c] sc| out| Run |

|C Option (For whele simulation, Apply button not applicable)

» IC Option Initial Condition
Initial Condition : User Specified IC Applied [ =i For All Volumes |

IC Applied : For All Volumes

Temperature
Flow —i Constant
& Shared : Temperature T = 300 K Chem T‘
Plasma |BDD j K
¢ Flow:U=V=P=0 a—
¢ Chem : MiXture Name = Inltlal Shared_ X-Direction Velocity
¢ Plasma : Electron Temperature Te = 1 eV — — Constant =
u o =| m/s
H Plasma =
¢ Magnet : Vector Potential — Az (Real) = 0 e I T—
Az (imaginary) = 0 —i Constant
(imaginary) e =
Pressure
—~ Constant
Po 2| nme2
Reference Pressure |‘.33 N/mA2

Shared - Mixture Specification

Fli
i Mixture Name |initial F Define...
. :
= Argon_10mTorr_1l0AmpCoilcurrent
Plasma I
Magnet 1 inlet
= Local
T BD_mixture
B R
Shared  Electron Temperature
Flow — Constant
Chem —
Te |1 o | eV
Magnet

|
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ICP - Base Case O-0

HEE Engineering &
... Communication
7/
% Setup - Solver Controls
» SC Option
pT| mo | ve | Be | |c out | Run |
& lter — Shared — Max. iterations = 20000 | |_ter | | Shared
. Spatial
Convergence Crit. = 1E-06 | Max. iterations [20000 | ~
Solvers
Relax |C|:un~.rerger1ce Crit. |1E—DD6| j
Limits Min. Residual [1E-018 |
Adv
Chemistry (Species Mass Fractions)
W Cut Diffusion |[(Chern)
Acceleration |0 j

[ CFL Relaxation

[ Species Conservation Enforced

& Adv — Cut Diffusion(Chem) MEH = 0

Cut Diffusion at inlet to ensure the incoming species flux

KWENC CAE solutions provider



ICP - Base Case === Engineering &

... Communication

% Setup - Solver Controls

pT| mo | ve| Be | 1c [SC] out | Run |

> SC OptIOﬂ Iter Inertial Relaxation
Spatial
Ltla Velocities :

Solvers

P Correction [ _I_ 1 :
. Relax Lirnits

Acke Temperature : 0.05

Inertial: Generally light except flow

=mEr =
Linear: very heavy on lons (0.001-0.01) R
lon (+) Species T S =
lon (-) Species mm: :

Meutral Species : .001

Ik I A I
il vl ] ]l ]

Mag. Vec. Pot 1001

Linear Relaxation

Pressure [ | : m
DL T —— : m
Viscosity 1] : m
Ternperature [_| | : m
= | pe] [ | I |

lon (+) Species : 0.01

lon (-) Species =1l |o.01

1
L 1 1

Meutral Species :

X lons transport rate (due to drift) is much faster than neutrals.
X Electron density is from quasi-neutrality (depending on ion solution).
* Numerically, this requires the linear relaxation on ions very heavy

|
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ICP - Base Case

% Setup — Request Outputs

» Out Option

¢ Out — Graphic

pT| Mo | vc| Bc| ic| sc [out] Run |

General

Restart

Summaries

Monitar
Point

Monitar
Plane

User Access
Control

Adv

Qutput Controls

Write Graphic Qutput Te — DTF
[ Override General Output Controls
Output By —

Interval Options —

Shared

¥ Density

I¥ Static Temperature

[V Total Temperature

v Electrical Conductivity
[ Relative Permeability

[ Relative Permittivity

Flow

¥ Velocity Vector

¥ Velocity Magnitude
[ Static Pressure

[V Total Pressure

[~ Laminar Viscosity
[~ Mach Number

[ Vorticity

[¥ Stream Function

Gas-Chemistry

¥ Species Mass Fractions
¥ Species Mole Fractions
[ Reaction Rate

[ Species Flux

¥ Species Diffusivity

[ Species Therm Diff

[ Deposition Rate

¥ Mumber Density

I lon Mobility

[ Species Residual

Plasma

¥ Electron Density

¥ Electron Temperature
v Electron Mobility

¥ Ambipolar Field

||| [E—
gineering &
... Communication

Magnetic

I+ Magnetic Vector Potential (4)

I+ Magnetic Field Vector (B)

¥ Induced Electric Field Vector (E_tot)
I¥ Total Electric Field

I¥ Induction Power

¥ Eddy Current (J_eddy)

KWENC CAE solutions provider



ICP - Base Case T Zglo|
... Communication

% Setup — Request Outputs

» Out Option

& Out — Summaries

PT| Mo | vc|ec| | sC [Qut] Viz| Run |
General

Output Controls

Restart [~ Owverride General Output Controls

Graphi
[Summars | e

Interval Options —

Monitor
Point
|D-Key Maps Output
Monitor R P
Plane [ Write ID-Key Maps

User Access

Control Force and Mement Summary (Flow)

T [ Force and Moment Summary

Mass Balance Summary (Flow)

[ Mass Balance Summary

Energy Balance Summary (Heat)
[+ Energy Balance Summary

[ Menitor Energy Imbalance

Grouping — Individual

Gas-Chemnistry
[ Species Summary

Surface Reaction Surnmary

[ Surface Reaction Summary

|
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ICP - Base Case

% Setup — Request Outputs

» Out Option

& Out — Monitor Point(=& TCHY| 88)

DUE ZOIE YK M B golsinxt s BLE Ha Me

PT]MO]UC]BC]IC]SCRunI

ﬂ Monitor Point Definition

Eestaik ¥ Monitor Points —i User Input

Graphi
[EHULE bpecify Menitor Points [,

Summaries ) . - - - )
(Mote: Monitor Point output will be written every iteration.)

Eomi Shared

Total Points |1
X cm |‘r’,cm |

| 1 1

KWENC CAE solutions provider

Shared
W Density (RHO)

[ Location

Flow

[ X-Direction Velocity(U)
[ Y-Direction Velocity(V)
[~ Z-Direction Velocity (W)
| Static Pressure(P)

[+ Total Pressure(P_total)

Heat Transfer

Iv Static Temp.(T)

[v Static Enthalpy(H)

[v¥ Thermal Cond.(COND)
v Specific Heat(Cp)

Gas-Chemistry

[v¥ Mass Fractions

B 7 210|

Engineering &

... Communication

Plasma
¥ Electron Temp.(Te)

[¥ Electron Density(Me)

Magnetic

[~ Rel. Permeability

[ Rel. Permittivity

v Conductivity

¥ Magnetic Vector Potential
[¥ Magnetic Field

¥ Total Magnetic Field

W Electric Field

Iv Power Dissipation

[v Edecy Current




ICP - Base Case T Z2lo]ol
... Communication

% Setup - Run the Simulation

» Run Option

& Run — Submit to Solver

pT| mo | ve| 8c| ic] sc| out [Run]

Parallel Run Controls

[ Parallel Run
Precision
Precision — Double Precision (Default)
Run and Menitor -
User Shared Library |IibU5erAce.DLL Bl:;z(x/-\/wse.

EH Submit to Solver

7 Monitor Plots Plot ¢!

<[z Parametric Run with SimManiager

cfs] Optimization Run with /Ei/mManager

P View Residual .~ 7

B View Output ...
% View Solver Job ...

Q, Plot Monitor Point ...

3, Plot Monitor Plane ...

3 Plot Boundary Integral ...

KWENC CAE solutions provider
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... Communication

/

% Results — Plasma Density & Gas and Electron Temperature

N_e - 1/m**3
8.738E+17

R

8E+17
TE+17
GE+17
S5E+17
4E+17
3E+17
2E+17

1E+17

1E+15

//) 3 : \‘.\ \\

0 W/{/? i"\%

sy g i

Iy W
Electron density?t &= HIE

(& MM n, ~10" cm3E D{HCHD 7H)
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ICP - Base Case T Zglo|
... Communication

/

% Results — Power Density

J_eddy - A/m2
2.21E+04
2.2E+0

2E+04
1.8E+04
1.6E+04
1.4E+04
1.2E+04
1E+04
8000
6000
4000
2000

Power_dissipation - W/m3
3.525E+05
3.5E+05
3E+05
2.5E+05
2E+05
1.5E+05

1E+05

SE+04-

o T 2N MH =0 7H7H2 SYOM fFF A FA2o| M T& 4
& Peak power density ~ 0.35 W/cc
# Plasma skin depth = 5.31x105*ne%>=1.7 cm (using ne=1011cm3)
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ICP - Base Case

» Results — Summaries

Electron Energy Loss (Volumetric Reaction) [Watt]

0.51680E+03

Total E-Energy Loss (W) : 0.51680E4+03

ICP Power Absorbed by Electrons [Watt]

0,.TOTS3E+03

Total ICP 0.T7TOTS3E+03

Plasma

Power (Watts):

Heat Release (Volumetric Beaction) to Gas [Watt]

0.26623E+01

Total Gas Heating P (W) : 0.26623E401

Flazma

||| [E—
gineering &
... Communication

Electron energy loss = 517 Watt

ICP power absorbed = 708 Watt

Heat generation in gas
= 3 Watt — just through chemical reaction

X §80 YEI EHE O NE L= text file — modelname.OUT
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