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Development of New Precursors for Next Era SiOCH Low-k Film
- Introduction of Si-C,H,-Si Network -
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The recent interlayer dielectrics for high-performance silicon devices with fine
pattern and high speed are required to have lower dielectric constant (low-k) and
higher mechanical strength. To satisfy these stringent requirements, we are developing
new PECVD precursors. Based on theoretical molecular modeling, calculations have
simulated that the dielectric constant of SiIOCH low-k film with methylene network
such as Si-C,H,-Si might be improved without decreasing the mechanical strength,
comparing the conventional SiOCH low-k films with CH; termination. Following the
calculation results, we have synthesized TVMOS (Trivinylmethoxysilane) precursor
and VTMOS (Viniyltrimethoxysilane) precursor which are similar to the compositions
for the molecular model structure. The PECVD film was deposited using their
precursors. As the results of film analysis, TVMOS precursor with more C,H; group
was very easy to introduce the Si-C,H,-Si network, so that TVMOS precursor was
useful to lower the dielectric constant.
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hydrocarbon groups in the polymer network (cross-link)
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Fig. 1 Chemical structure of SIOCH film with hydrocarbon
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Table 1 Calculated properties of the modeled structures .

p (g-cm?® k E, (GPa) V (nm?)

1.31 (1.34) 298 (3.07) 7.6 (82) 0.735 (0.722)
1.41 (1.26) 3.13(2.94) 9.2(5.8) 0.683 (0.768)
1.45 (1.47) 3.19 (3.28) 17.0 (10.5) 0.665 (0.656)
1.57 (1.57) 3.59 (3.41) 31.9 (16.8) 0.562 (0.618)
1.58 (1.55) 3.39 (3.39) 15.9 (13.2) 0.601 (0.624)

6 1.70 (1.71) 3.57 (3.64) 35.0 (28.5) 0.569 (0.565)
Average 1.53 (1.48) 3.31 (3.29) 19.4 (13.8) 0.637 (0.659)
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@ Data in parentheses for the reference structures, data
without parentheses for the structures of model A. p: density,
k: dielectric constant, E,: Young's Modulus, V: Volume per
unit cell.
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Fig. 2 Young's moduli and dielectric constants of the
reference structures and the structures of model A '*.
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Fig. 3 Young’'s moduli and dielectric constants of the
model structures SiOX (X =CH,, C;Hs, CsHe, C4Hs) and the
reference structures .
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Fig. 4 Young’'s moduli and dielectric constants of the
model structures SiO»-nX» (X = C;H4, CHs) and the reference
structures.
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Table 2 The boiling points for TVMOS precursor, VTMOS
precursor and TEOS precursor.

Precursor VIMOS TVMOS TEOS
Boiling point (°C) 123 131-133 166
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Fig. 6 Experimental set up for film deposition.
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Table 3 Film deposition conditions.

Precursor TVMOS VIMOS
Precursor flow rate (cm®/min) 50 50
Helium flow rate (cm*/min) 100 100
Depo. temp. (°C) 350 350

RF power (W)

Pressure (Pa)
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Fig. 7 Relationship between dielectric constants and
chamber pressures for TVMOS film at RF power 150 W
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