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Electrical Variable Capacitor based on Symmetrical Switch Structure for RF
Plasma System
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Abstract

This study introduces a new topology to decrease the voltage stress experienced by a 1356 MHz electrical
variable capacitor (EVC) circuit with an asymmetrical switch structure applied to the impedance matching
circuit of a radio frequency (RF) plasma system. The method adopts a symmetrical switch structure instead of
an asymmetrical one in each of the capacitor's leg in the EVC circuit. The proposed topology successfully
reduces voltage stress in the EVC circuit due to the symmetrical charging and discharging mode. This topology
can also be applied to the impedance matching circuit of a high-power and high-frequency RF etching system.
The target features of the proposed circuit topology are investigated via simulation and experiment. Voltage
stress on the switch of the EVC circuit is successfully reduced by more than 40%.
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Fig. 1. Block diagram of RF plasma system.

RF generator Load

Electrical variable capacitor circuit
Fig. 2. RF plasma circuit with EVC using multi leg
asymmetrical switch structure.
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Fig. 3. Ideal case and real case of EVC circuit. (left : ideal
case, right : real case)
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Fig. 4. RF plasma circuit with EVC using one leg
asymmetrical switch structure.
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Fig. 5. Two types of EVC circuit. (left :
right : proposed circuit)
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Fig. 6. Equivalent circuit of switch turn on - Mode 1. (left :
conventional circuit, right : proposed circuit)

Fig. 7. Equivalent circuit of Dnn off and Dpn on during
switch tumn off - Mode 2. (left : conventional circuit, right :
proposed circuit)

Fig. 8 Equivalent circuit of Dnn off and Dpn off during
switch tum off - Mode 3. (left : conventional circuit, right :
proposed circuit)
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Fig. 9. Equivalent circuit of Dnn on and Dpn off during
switch turn off - Mode 4. (left : conventional circuit, right :
proposed circuit)
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Fig. 10. Transient analysis of EVC circuit using asymmetrical
switch structure.
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Fig. 11. Steady state analysis of EVC circuit using
asymmetrical switch structure.

2912 7F AAE Bl = (D, D)ol A/AR &2
of we} 37k RE(RE 2 3 4)7F EA%T 29 17L&
BE 29 57IERE HFrh BE 2w 290A7F AA
A= Ftel Dmol AAIL Dol AAE F4tel gk
Zhg|Eelth e 29 T7F AsAEEE A (2)¢ (6)9
A o RolErh O 82 RE 39 SUIERE HolEth

(o]

¢

olﬂ

@O OB E =aa
100 e e e . —
04 . R
100
4
4
0 - I e —
By
1001 CCn
0 [~ [ — i - —
100
ol Don
100
-20(
100 I N E—
o] . ol I—M
04
200
100 . IMI
-50 : :
100 o — -
1.0 : = Sviifching Function]
0.5 : :
0.0 s vt ‘ ‘ . :
4.930 4.995 5.000 5.005 010 5.01 5020 x1e-5

Fig. 12. Transient analysis of EVC circuit using symmetrical
switch structure.
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Fig. 13. Steady state analysis of EVC circuit using
symmetrical switch structure.
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TABLE 1
CIRCUIT PARAMETERS OF SIMULATION
Parameter Symbol Value
Source voltage Vs 320 Vpp
Frequency fin 13.56 Mhz
Source resistor Rin 50 Q
Switching frequency fow 10 khz
Capacitance of diode Com 2 pF
o_pn
Capacitance of switch Coss n 200 pF
0SS_pn
Capacitor Cn 450 pF
Load capacitor Cioad 650 pF
Load inductor Lioaa 450 nH
Load resistor Rioaa 10 @
3004 e L - VSon]

250 - - .j.... L
2004
1504 oo

504

Fig. 14. Vg, of EVC circuit using asymmetrical switch
structure in simulation result [50V/div] [2us/div].
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Fig. 15. Vg of EVC circuit using symmetrical switch
structure in simulation result [50V/div] [2us/div].
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220V
| Time : 50ns/div |

Fig. 18 Vgp, of EVC circuit using asymmetrical switch
structure in experiment result. (300W)
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Fig. 20. Vg of EVC circuit using asymmetrical switch

structure in experiment result. (500W)
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Fig. 19. Vg and Vg, of EVC circuit using symmetrical
switch structure in experiment result. (300W)
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Fig. 21. Vg and Vg, of EVC circuit using symmetrical
switch structure in experiment result. (500W)
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