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Abstract

Experiments on RIE of tungsten films using SFs plasma were conducted to investigate the effect of
process parameters on etch rate, uniformity, anisotropy, and selectivity. As power increased, the etch
rate increased. Maximum etch rate was obtained at 200mtorr As interelectrode spacing increased,
the etch rate increased for P { 200mtorr while it decreased for P > 200mtorr. Etch rate was
maximum at 20 sccm gas flow rate. As substrate temperature increased, the etch rate increased and
activation energy was 0,046 eV. In addition, maximum etch rate was acquired at 20 % O: addition.
The etch rate slightly increased when Ar was added up to 20% while it continuously decreased when
Nz was added. Uniformity got improved as pressure decreased and was less than 4% for P (
100mtorr. Mass spectrometer was utilized to analyze gas composition and S and F peaks were
observed from XPS analysis with increasing power, The anisotropy was better for smaller power and
spacing, and lower pressure and temperature, It improved when CHs was added and anisotropic etch
profile was obtained when about 10% O: was added. The selectjvity was better for smaller power
larger pressure and spacing, and lower temperature. Especially, low temperature processing was
proposed as a novel methed to improve the anisotropy and selectivity.
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Table 1. LPCVD process of tungsten thin
film used in etching experiment.
| Process Time Process Conditions ]
Nucleation | 20 secs | 475%¢, 0.4 torr, 5 sccm WFs
1 I5sccm SiHs 2800 sccm Ar
Deposition | 120secs | 475, 80 torr, 75 sccm, WFs
500sccm Hz, 300 scem, Nz 2200 scem Ar J
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Fig. 2. Illustrative cross-sectional view of
(a) blanket and (b) patterned wafer
sample.
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Table 2, Basic values and range of opera-
ting parameters examined in RIE
experiments.
Parameter :_Bﬁs,'if value | Range Examined
Power 50 watts 25 ~ 200 watts
(Gas pressure 200 mtorr | 20 ~ 400 mtorr
Inlet gas flow rate | 20 scem 10 ~ 50 scem
Interelectrode spacing | 4 cm 3 ~ 5cm
ISubstrate Temperature 20 T 0~ 70T
(Gas ] SFs SFs/Ar, SFe/No,

Ske/Oz2, SFe/CHa
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Fig. 3. Effect of power on etch rate and
self-DC-bias.
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penning Dissociation : Ar" + SF, — Ar+ SF,_ +F (R5)
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