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Numerical Simulation and Technology Computer-Aided Design of Plasma Processing
for the Fabrication of Semiconductor Microelectronic Devices
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Plasma processing, such as etching and deposition, is an indispensable processing technique in the fabrication
of modern semiconductor microelectronic devices. Nowadays, increasingly strict requirements are being imposed
on plasma processing technology, as integrated circuit device dimensions continue to be scaled down. The numeri-
cal simulation is strongly required for a better understanding of the physics and chemistry underlying the process-
ing, and for a design of plasma reactors and plasma processes requiring less experimental efforts. This paper pre-
sents an on-going study of the plasma simulation for plasma reactors and the process simulation for microstructural
features on substrates, in view of the goal to a technology computer-aided design (TCAD) of plasma processing.
Attention is placed on etching in parallel-plate radio frequency (rf) and inductively coupled plasmas, with empha-
sis on the physical and chemical model used in the simulation.
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Fig.1 Schematic of the reaction processes that occur in a plasma reactor during materials processing of a substrate, including gas-phase re-
actions, plasma-wall interactions, and plasma-surface interactions in large open fields and also in microstructural features.
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( Equipment Functions (Externally Controllable Parameters) \

Plasma Excitation Source: frequency, power, time modulation

RF Bias Source: frequency, power, time modulation

Feedstock Gas: species, flow rate, pumping speed, pressure, temperature

Reactor and Electrode: geometry / structure, material, temperature, external fields
Wafer / Substrate Stage: geometry / structure, material, temperature j
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(Plasma Parameters and Structures)

Electrons: density, velocity distribution
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Plasma Structures: plasma and surface
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Fig.2 Schematic of the flow of plasma processing, where we employ a number of externally controllable parameters of the plasma reactor to
control the plasma properties, and in turn to obtain the processing characteristics to be achieved. Also shown is what the plasma (equip-
ment) simulation and the process simulation deal with in view of the flow of plasma processing.
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Fig.3 Schematic of the asymmetric parallel-plate rf plasma reactor
used in the present simulation study, where @p denotes the
plasma potential, V and | the voltage and current at the rf-
powered electrode, Cg the capacitance of the blocking ca-
pacitor, and Vs the voltage at the rf power source. A wafer
to be etched is placed on the rf-powered electrode for reac-
tive ion etching (RIE) of substrates.
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Fig.4 (a) Potential (voltage V atthe rf-powered electrode and plasma potential @p atr =0, z = 1 cm) and current (total current | atthe rf-powered
electrode and contributions of the ion |;, electron le, and displacement Iq current) as a function of time in the rf cycle, simulated for asym-
metric parallel-plate rf discharges in Ar of Fig. 3 (Po = 200 mTorr, Vit =200 V at 13.56 MHz). Here, the power averaged over one rf cy-
cleiso5W. (b) Spatial distribution of the potential ® and electron density ne in the plasma reactor averaged over one rf cycle, obtained

under the same conditions of (a).
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Fig.6 (a) Feature profile sequences of the trench during etching
of insulators (SiO2) and (b) potential contours in the feature
at the time of the end of calculation, simulated taking into ac-
count the effects of surface charging of masks and sub-
strates (SiO2). In (b), the potential is relative to that at the
artificial lower sheath boundary, taken to be 3.6 um above
the top surfaces of the etching mask. The following condi-
tions were assumed in the calculation: Ar plasma density of
1012 ¢cmU3, electron temperature of 5 eV, ion temperature
of0.5eV, rfbias voltage of Vit =30V (half of the peak-to-peak)
and Vgc = 040V (dc self-bias) at 13.56 MHz.
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Fig. 7 (a) Feature profile sequences of the trench during overetch
for conductive films (poly-Si) and (b) potential contours in the
feature at the time of the end of calculation, simulated taking
into account the effects of surface charging of masks and un-
derlayers (SiO). The conditions for calculation were the
same as in Fig. 6.
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