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Exercise 9.2.1 FE FAEEFTiEFERII IR
Discuss the maximum-power transfer theorem in the CCP system sustained
by a sinusoidal voltage in Equation 9.1 in Figure 9.1.

The circuit current I7(t) in the series circuit with plasma impedance Z and
external variable impedance z is given by V¢(t)/(z 4+ Z), and the average
power dissipated in the discharge plasma, P;,, is expressed by

2 Re(Z)

P = _/ Visus(t) - IT(t)dt = E 1z ler (9.5)

where T is the period of the external rf voltage source. The maximum power
dissipation to the discharge plasma is obtained at the condition of Z=%
(impedance matching). That is, the impedance of the discharge plasma Z
must be matched to the conjugate of the power supply, Z (maximum-power
transfer theorem).
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FIGURE 9.3
Typical example of the net excitation rate (a) and voltage-current characteristics (b) during one
period in a low-frequency CCP at 100 kHz at 1 Torr in H».
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FIGURE 9.4
Time-averaged ion energy distribution incident on the powered electrode at a low-pressure rf
plasma. The (a) low- and (b) high-frequency cases are shown.
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FIGURE 9.5

A typical example of the net excitation rate (a) and voltage-current characteristics (b) during one
period of a high-frequency CCP at 13.56 MHz in H.
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TABLE 9.2

Negative Ions in Processing Plasmas

Feed Gas Negative Ion Material Processing

SFe SFi(6=j=1),F Si, Wetching
Reactor cleaning

Clp Ccl™ Si, Al etching

BCl3 Cl™ Si, Al etching

CF4 F-, CF]T SiO; etching

C4Fsg F~, CF}T SiO; etching

CFal g CFIT SiO2 etching

@) 0,05 Oxidization, photoresist ashing
Surface treaming

SiHy SiH™ a-Si:H deposition

H> /N> H™ Reduction, low-k(organic) etching

HCl Cl~ Si etching
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FIGURE 9.6

Typical example of net excitation rate in electronegative high-frequency CCP in SFg /N> (10%) at
1 Torr.
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Double layer formation in front of the instantaneous anode in an rf electronegative plasma.
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A low-temperature plasma source has developed the range of driving fre-
quency from low frequency (LF) (f <~ MHz) to ultra-high frequency UHF

(3x10°Hz < f <3x10° Hz), through high frequency (HF) 3x 10°Hz < f <
3 x 107 Hz) and very high frequency VHF (3 x 107Hz < f <3 x 10° Hz) (see

FIGURE 9.8
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FIGURE 9.9
Surface potential of a powered electrode exposed to a VHF plasma at 100 MHz at 13 Pa in Ar.

Power is supplied at z = 0, and z = 100 cm is the open end.
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TABLE 9.3

Time-Averaged Power Deposition
Feed Gas Active Sheath  Bulk Plasma  Passive Sheath

Electro positive  P-ions Electrons P-ions
Electro negative

(Weakly) P-ions Electrons P-ions
(Strongly) P-ions Electrons P-ions

N-ions, P-ions
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FIGURE 9.10
Schematics of a 2f-CCP reactor for SiO; etching.
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Time-averaged plasma density and flux (a) and potential (b) in a 2f-CCP maintained under
conditions of Figure 9.11a.
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FIGURE 9.13

Pulsed-plasma source operation in 2f-CCP with VHF (100 MHz) and LF (1 MHz) at 25 mTorr in
CF4/Ar: (a) net excitation rate during on phase and (b) during off phase and (c) driving voltage
on both electrodes.
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