. 17th International Conference,on lon Sources
o October 15-20 2017
1
[4

GENEVA CERN - CICG - Geneva

Electromagnetic Fields and Antenna Impedance Analysis of an RF lon Source at HUST

Peng Zhao, Dezhi Chen, Dong L1, We1 Q1, Kangjun Xie and Chen Zuo
State Key Laboratory of Advanced Electromagnetic Engineering and Technology, Huazhong University of Science and Technology, Wuhan,430074, Hubei, China

E FilaM[Y_pir_m
. 1. DS +
L. Toqim+iElS T T T T T T T T
Lo B0 v +EN0 B
5. 150 %43
= ]

¢ Studying the RF characteristics of the source is necessary for understanding the
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basic physics in the RF 1on source. N L
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¢ Conventional EM simulations of the ICP sources usually exclude Faraday screen for
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simplifying analysis, which can not reflect the key features of the EM fields in the
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E field intensity (V/m)

source and the coupling configuration between the antenna and plasma.

€ The matching network plays a big role in the RF system for maximum power trans-
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mission to the driver. It 1s available to adjust matching by adjusting the circuit compo- 0 45 90 135 180 225 270 315 360
¢ (%)

nents and operating frequency.
(a) E field magnitude contour (b) E field distribution from the FS inner wall to driver center

¢ Improving the power absorbed by the plasma 1s a main concern of the RF system. region

Many studies have proposed good approaches to improve the power coupling efficien-

. i , . Figure 3. Electric field in the driver with FS with pl. (o = 5005 /m)
cy, one of which 1s the ferromagnetic enhancement (FRE) technique.

€ The E field adjacent to the slits 1s much stronger than elsewhere 1n the plasma vol-

THE SIMULATION MODEL

ume and 1t drops sharply away from the slits.
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Figure 1. Cross section views of the RF driver: (a) lateral view, (b) front view (z direction)
¢ Simulation tool: ANSYS HFSS @) gpr= 1003/m ()t 10008 im
¢ Solution type: Driven modal Figure 4. Magnetic field in the driver at different oy

¢ Excitation: Current, Icoil peak=20A /1 MHz

€ Material: FS & coil are assigned infinite electric conductors which have infinite 10

conductivity and zero skin depth; The plasma is defined as a homogeneous electric con- V.cos
. . . ~os _ _P
ducting medium with op/=10~2000 S/m. Rant = 7
p
¢ Boundary: A finite conductivity boundary 1s assigned on the conductor surfaces 1o Vy,sing
to simulate the surface losses on the FS and coils. ) Lant = ol
= p
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FIGURE 5. R, L., and 1, against the plasma conductivity

SUMMARY

€ Numerical simulations have been performed on the small RF 1on source at HUST
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through finite element analysis. A complete 3D model containing Faraday screen 1s em-
With FS w/o pl. ployed to exhibit the EM field inside the plasma chamber.
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| PAAS TR BN ¢ Clear physics 1images depict that the FS suppresses the capacitively axial electric
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field while the plasma enhances the inductively azimuthal electric field in the plasma
volume. Both of them benefit the inductive coupling between the RF antenna and plas-
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€ The antenna impedance analysis shows that the resistance and the RF power transfer
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d - ¢ fogd efficiency firstly rises as the plasma conductivity increases, and then drops due to the
G_ PR skin effect when the plasma conductivity reaches high values. This may be the reason
‘ ‘ Sl why the plasma density 1n many studies tends to saturate at high input power.
W/o FS with pl. With FS with pl. @ The plasma 1s considered as a homogeneous electric conducting medium 1n the anal-
Figure 2. E vector contours in the driver ysis, which 1s not true 1f considering the complex plasma dynamics, however, this meth-

¢ The FS suppresses ettectively the axial electric field in the discharge zone, theretore  od is helpful for understanding the basic physics in the source and providing support for

diminishes the capacitive coupling between the antenna and the plasma; the engineering design of the source, such as the matching network design. Further

¢ The existence of plasma intensifies the induced azimuthal electric field in the plas- work will be focused on finding the effective plasma conductivity for balancing the

ma chamber and further enhances the inductive coupling between the antenna and plas- simulation and experimental results .

ma.



