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Introduction

Large area PECVD depositions (>1m?)
Application

Silicon deposition
Thin film solar cells
Flat displays
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Problems of large area plasma depositions

Homogeneity (... of layer thickness, structure)

Gas flow
Electrical parameters
Edge effects
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Problems of large area plasma reactors

RF circuit /connection

RF electrode-ground transition

Gas flow / pumping

. Powder formation
Contamination Substrate

Device quality
a) power =50 W b) power = 100 W L e L L

Inhomogeneity

11 9 7 5 3 1
Position from reactor edge (cm)

Powder formation

thickness ()
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Plasma reactor parameters and geometry

Capacitively coupled |
RF plasma reactor .}

>

Electrode gap 0.03 m ooz

Frequency 13.56 MHz

RF 200V,

Gas Argon
Pressure 1 mbar
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Simplified geometry

40mm

Corner

Grounded electrode

Homogeneous part

120mm
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Basic equations and boundary conditions

cloctron contimity: " +V-T, =k N; T, =-pnE-DVn

ion contimuty: %W-L =Kkt N; Li=punE—-DVn

clectron energy continuity; (HEE) is the enerpy density in €V -m” :

a(;'g) +V -Ew = _En 'E_KIEH:N; Ew = _gﬁn (HEE)JE_':_ ;DEV(HBE);

on
TI.,-E= pbnn(Ef +E},2)+ D, (%Ex + Q; EJ,].

Poisson's equation: VEV:—E(ni—ne); E=-VV
%
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Numerical procedures

Meshing: Quadrilateral mesh
Boundary mesh option
Optimizing (calculation time, memory...)

Solver: Spoole (time dependent)
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A simple case
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-0.04

Meshing

Mesh quality TR
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Meshing and convergence

Mesh

Convergence
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Investigated simplified geometries

(¢
Open geometry ¢%
<
*
7

Closed geometry
D=40mm 4. .
D=20mm ‘%
D=10mm g
Asymmetric
D=15mm

Symmetric
D=15mm

0.12m | 0.04m |
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First result

| Maximum of the
' ' electron density

+

Maximum of 1onisation rate

Experimental evidence
Powder formation

0.12m | 0.04m |
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Presence of a Double Layer?

Contour plot electron density ' |

Line plots

Potential n n

Space chasge dentity Cim']
T A— - . o . :
sl ‘
|
s |

Presence of a Double Layer
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Time dependent space charge density

Space charge density

1 x107°

' —— 1.4908e-4

RF voltage — Lasoces
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Double Layer and Sheath
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AD
L - Space charge density

t An other view....

Sheath

Space charge density _
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The symmetric case

Electron density Electrical potential Space charge density
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Fundamental role of corners

4|

Time=1.75e-4 Surface: Concentration, ne [maol/m
Contour: Electric potential [V]

0.015 §

High ionisation rate

0.014

Time=1.75e-4 Surface: Concentration, ne [mol,’m3i Arrow: Total flux, n
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Different role of concave and convex corners
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Role of the particle fluxes

Electron and 1on flux distribution

0.02

0.015

0.01

0.005

-0.005

-0.01

-0.015

0.04 0.045 005 0.055 0.06 0.065 0.07 0.075

Role of corners

Known problem from ion implantation
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Time=1.4907e-4 Surface: Concentration, ne [mal/m?]
Contour: Electric potential [V]

0.04
Influence of the reactor edge
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Corners are an important design element
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Important parameter:
Sheath thickness

Geometrical dimensions of the corner

Other design parameters which influence the plasma
Rounding of the corners
Material (Insulator...)

Spacing (dimensions)



Conclusion

Simplified geometries
Meshing

Convergence
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Insight in the physics of corners
Insight into the physics of RF reactors

Design of plasma edge
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