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As the semiconductor industry moves to larger wafer sizes ($>$300mm)
effecient new plasma sources which are capable of maintaining process
uniformity at large scale will be needed. Helicon sources have been
proposed as a possible alternative to inductively coupled plasma sources,
due to high efficiency, and the power deposition not being limited to a skin
depth. Additionally, helicon plasmas operate at very low pressure, so
particulate contamination is minimal. In this paper, we present results
from a numerical study of a helicon source. The three dimensional hybrid
plasma equipment model(HPEM3D) has been extended to include a cold
plasma tensor conductivity in the electromagnetics(EM) module. A static
magnetic field is generated by a solenoid which surrounds the cylindrical
reactor geometry and is simulated by solving for the vector potential.
Transport of charged and neutral species is handled with a fluid
simulation. By varying parameters such as the static magnetic field
magnitude, reactor geometry, and coil configuration, we are able to modify
the power deposition profile. This in turn determines the downstream ion
and neutral flux uniformity. We find that for larger magnetic fields, the
power deposition penetratesmoredeeply into the bulk plasma.

Abstract
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Scehmatic of 3D Hybrid Plasma Equipment Model (HPEM-3D)
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! HPEM-3D combines modules which address different physics or different
timescales.
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Electric Field Module: Wave Equation
! The electric field module of the HPEM-3D is responsible for solving

the 3D frequency domain wave equation:

! The left hand side is replaced by: where
the first term is neglected.

! The finite difference form of the wave equation results in a large
matrix equation, which is solved using a generalized minimum
residual method.
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∇ × ∇ × = ∇ ∇ ⋅ − ∇E E Ea f 2

! The conductivity, , is the cold plasma tensor conductivity (see next
slide)

σ

!

!

!

The Helicon wavelength can be estimated by

If is small compared to reactor size, the numerical solution of the
wave equation is difficult, as the problem is less well conditioned.

The matrix problem is solved using the generalized minimum
residual method.
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Conductivity Tensor
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! The plasma current in the wave equation is handled by a cold plasma
tensor conductivity:

! The addition of the static magnetic field results in a larger, less well
conditioned matrix problem.

! If the static magnetic field is predominantly in the z-direction, the (3,3)
term of the tensor dominates
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Antenna Configuration

Gec98_Helicon6 University of Illinois
Optical and Discharge Physics

! Two different antenna configurations were used:

Nagoya Type III Double Ring (m=0)

! The Nagoya Type III is commonly used in laboratory Helicon plasmas,
where it has been shown to produce an m=1 mode under the right
conditions.

! The Double Ring configuration was tested here to see if using it would
result in am=0Heliconmode.
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! Antenna coil can either be the m=0 or
Nagoya Type III configuration
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Plasma Parameters
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!
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M=0 cases:

Pressure: 0.5mTorr
Total Power Deposition: 1200 Watts
StaticMagnetic Field: 0,600,900 Gauss
Gas: Argon
Reactor Height: 35 cm
Reactor Radius: 10 cm

Nagoya Type III cases:

Pressure: 0.5mTorr
Total Power Deposition: 600 Watts
StaticMagnetic Field: 0,300,600 Gauss
Gas: Argon
Reactor Height: 35 cm
Reactor Radius: 10 cm
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! With no magnetostatic field, the plasma is in purely inductive mode.

AR
3.08E+11
1.78777E+11
1.0377E+11
6.02327E+10
3.49617E+10
2.02933E+10
1.17791E+10
6.83713E+09
3.96858E+09
2.30354E+09
1.33707E+09
7.76097E+08
4.50481E+08
2.61479E+08
1.51774E+08
8.80964E+07
5.1135E+07
2.9681E+07
1.72282E+07
1E+07

E-MAG
31.1429
18.0662
10.4803
6.07968
3.52686
2.04595
1.18687
0.688511
0.399409
0.2317
0.13441
0.0779723
0.0452322
0.0262395
0.0152217
0.00883019
0.00512245
0.00297156
0.00172382
0.001

No Static Magnetic Field (B=0), Nagoya Type III Coil

Argon Ion Density (cm-3) Electric Field Total Magnitude
(Log V/cm)

! The power deposition is confined near the coil.
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! With no magnetostatic field, the plasma is in
purely inductive mode.

No Static Magnetic Field (B=0), Nagoya Type III Coil

Argon Ion Density (cm
-3
) Electric Field Total Magnitude

(Log V/cm)
Total Power Deposition

(Log Watt/cm
-3
)
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1.98313E+10

Top view:
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No Static Magnetic Field (B=0), Nagoya Type III Coil

Argon Ion Density (cm
-3
) Electric Field Total Magnitude

(Log V/cm)
Total Power Deposition

(Log Watt/cm
-3
)
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Top view: ! With no magnetostatic field, the plasma is in
purely inductive mode.
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! With the addition of a magnetostatic field, power deposition extends
downstream away from the coils.

Static Magnetic Field (B=300 G), Nagoya Type III Coil

Argon Ion Density (cm-3) Electric Field Total Magnitude
(Log V/cm)

AR
1.02E+12
5.55891E+11
3.02956E+11
1.65108E+11
8.99825E+10
4.90397E+10
2.67262E+10
1.45655E+10
7.93809E+09
4.32619E+09
2.35773E+09
1.28494E+09
7.00283E+08
3.81648E+08
2.07995E+08
1.13355E+08
6.17777E+07
3.36683E+07
1.83489E+07
1E+07

E-MAG
39.0762
22.3992
12.8396
7.35993
4.21885
2.41832
1.38623
0.794612
0.455486
0.261093
0.149664
0.08579
0.0491764
0.0281889
0.0161584
0.00926229
0.00530932
0.0030434
0.00174453
0.001
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Static Magnetic Field (B=300 G), Nagoya Type III Coil

Argon Ion Density (cm
-3
) Electric Field Total Magnitude

(Log V/cm)
Total Power Deposition

(Log Watt/cm
-3
)

!

!

With the addition of a magnetostatic field, power
deposition extends downstream from the coils.

Power deposition near the theta component of the
coils is reduced.

Top view:

-10 0 10 20
Radius (cm)

0

5

10

15

20

25

30

35

H
ei

gh
t(

cm
)

38.4563
18.0913
8.51082
4.00382
1.88355
0.886092
0.416851
0.196103
0.0922541
0.0433998
0.0204169
0.0096049
0.00451851
0.00212568
0.001

-10 0 10 20
Radius (cm)

0

5

10

15

20

25

30

35

H
ei

gh
t(

cm
)

2.04281E+11
1.90663E+11
1.77044E+11
1.63425E+11
1.49806E+11
1.36188E+11
1.22569E+11
1.0895E+11
9.53313E+10
8.17125E+10
6.80938E+10
5.4475E+10
4.08563E+10
2.72375E+10
1.36188E+10

-10 0 10 20
Radius (cm)

0

5

10

15

20

25

30

35

H
ei

gh
t(

cm
)

0.00293063
0.00165699
0.000936872
0.000529712
0.000299502
0.00016934
9.57459E-05
5.41352E-05
3.06084E-05
1.73061E-05
9.78498E-06
5.53248E-06
3.1281E-06
1.76864E-06
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Static Magnetic Field (B=300 G), Nagoya Type III Coil

Argon Ion Density (cm
-3
) Electric Field Total Magnitude

(Log V/cm)
Total Power Deposition

(Log Watt/cm
-3
)
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!

!

With the addition of a magnetostatic field, power
deposition extends downstream from the coils.

The addition of a Bz magnetic field results in the
power deposition mostly being near the z
component of the coil.

Top view:
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! With the addition of a magnetostatic field, power deposition extends
downstream away from the coils.

Static Magnetic Field (B=600 G), Nagoya Type III Coil

Argon Ion Density (cm
-3

) Electric Field Total Magnitude
(Log V/cm)

E-MAG
39.1143
22.4199
12.8508
7.36597
4.22209
2.42006
1.38715
0.795101
0.455744
0.261227
0.149733
0.0858252
0.0491941
0.0281975
0.0161625
0.00926419
0.00531014
0.00304371
0.00174462
0.001

AR
1.02667E+12
5.59332E+11
3.04727E+11
1.66016E+11
9.04465E+10
4.92756E+10
2.68456E+10
1.46256E+10
7.96808E+09
4.34105E+09
2.36502E+09
1.28847E+09
7.01966E+08
3.82434E+08
2.08352E+08
1.13511E+08
6.18413E+07
3.36914E+07
1.83552E+07
1E+07
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!

!

With the addition of a magnetostatic field,
power deposition extends downstream
away from the coils.

Enhanced power deposition near z-
component of the coils.

Static Magnetic Field (B=600 G), Nagoya Type III Coil

Argon Ion Density (cm
-3
) Electric Field Total Magnitude

(Log V/cm)
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Top view:
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Static Magnetic Field (B=600 G), Nagoya Type III Coil

Argon Ion Density (cm
-3
) Electric Field Total

Magnitude
(Log V/cm)

Total Power Deposition
(Log Watt/cm

-3
)
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!

!

With the addition of a magnetostatic field, power
deposition extends downstream from the coils.

The addition of a Bz magnetic field results in the
power deposition mostly being near the z
component of the coil.

Top view:
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No Static Magnetic Field (B=0), M=0 Coil

Argon Ion Density (cm-3) Electric Field Total Magnitude (Log
V/cm)

! With no magnetostatic field, the plasma is in purely inductive mode.

5.84667E+11
3.28109E+11
1.84132E+11
1.03333E+11
5.79894E+10
3.25431E+10
1.82629E+10
1.02489E+10
5.7516E+09
3.22774E+09
1.81138E+09
1.01653E+09
5.70466E+08
3.2014E+08
1.79659E+08
1.00823E+08
5.65809E+07
3.17526E+07
1.78193E+07
1E+07

38.581
22.1302
12.694
7.2813
4.17658
2.3957
1.37418
0.788237
0.452135
0.259347
0.148762
0.0853305
0.0489459
0.0280756
0.0161042
0.00923745
0.00529864
0.00303932
0.00174336
0.001
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No Static Magnetic Field (B=0), M=0 Coil

Argon Ion Density (cm
-3

) Electric Field Total Magnitude
(Log V/cm)

Total Power Deposition
(Log Watt/cm

-3
)

! With no magnetostatic field, the plasma is in
purely inductive mode.

Top view:
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Static Magnetic Field: B=600 G, M=0 Coil

Argon Ion Density (cm
-3

) Electric Field Total Magnitude
(Log V/cm)

! The addition of the magnetic field (B
z
=600G), the electrons tend to

follow the magnetic field lines, and the heating region becomes
elongated down the z-axis.
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1E+07
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0.0350151
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Static Magnetic Field: B=600 G, M=0 Coil

Argon Ion Density (cm
-3

) Electric Field Total Magnitude
(Log V/cm)

! The addition of the magnetic field (B
z
=600G), the

electrons tend to follow the magnetic field lines,
and the heating region becomes elongated down
the z-axis.

Total Power Deposition
(Log Watt/cm

-3
)

Top view:
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Static Magnetic Field: B=900 G, M=0 Coil

Argon Ion Density (cm
-3

) Electric Field Total Magnitude
(Log V/cm)

! As the magnetic field increases from 600 Gauss to 900 Gauss, the
electric field penetration increases.
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Static Magnetic Field: B=900 G, M=0 Coil

Argon Ion Density (cm
-3

) Electric Field Total Magnitude
(Log V/cm)

! As the magnetic field increases from 600 Gauss
to 900 Gauss, the electric field penetration
increases.

Total Power Deposition
(Log Watt/cm
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)

Top view:
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