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Development of New PECVD Precursors for Low-k Films with High Mechanical

Strength for Next Generation Silicon Devices
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The interlayer dielectrics of high-performance silicon devices are required to have
low dielectric constant (low-k) and high mechanical strength. To satisfy these strin-
gent requirements, we are developing new PECVD precursors. Based on our origi-
nally developed theoretical molecular modeling, calculations have simulated that
the properties of SIOCH low-k films may be improved when the hydrocarbon groups
in the film are substituted by high volume ones. Then, we have synthesized a new
Diisopropyldimethoxysilane (DiPDMOS) precursor by substituting CH; in com-
mercially available Dimethyldimethoxysilane (DMDMOS) to i-C;H,. Electrical and
mechanical properties of deposited films with DiPDMOS precursor have improved
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remarkably than that with DMDMOS.
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Fig. 1 Chemical structure of SiOCH films.
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Table 1 List of the modeled structures.’

Structure p (gem®)  Ar (Si-O) (nm) E, (GPa) k
Exptl  1.38 12-17 2.9

1 1.323 0.0044 10.2 3.00

2 1.360 0.0039 11.7 3.12

3 1.368 0.0044 9.4 3.02

4 1.414 0.0046 16.4 3.15

5 1.434 0.0033 20.8 3.25

6 1.570 0.0044 26.6 3.51

* Ar (Si-O) : Deviations of Si-O bond lengths (difference
between maximum and minimum) .
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Fig. 2 View of model structure 2 (eight unit cells).
Lattice constants are in nm.
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Fig. 3 a) Experimentally observed FTIR spectrum for the
SiOCH film (TMCTS precursor) and b) calculated IR curve
for model structure 2. Vertical lines under the IR curve in
b) represent IR intensities of individual normal modes.
The IR curve b) is obtained by broadening each black line
to a Gaussian function with half-value-width of 50 cm™.
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Fig. 4 Plots of calculated dielectric constants (left) and
Young's moduli (right) for the modeled structures.
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Fig. 5 Plots of calculated dielectric constants (left) and
Young's moduli (right), for the modeled structures
of TMCTS film (open circle, solid line) and modeled
structures with CHs; = i-CsHy substitution (filled circle,
dotted line).
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Fig. 6 Chemical structure of (a) Dimethyldimethoxysilane
(DMDMOS) precursor and (b) Diisopropyldimethoxysilane
(DiPDMOS) precursor.

Table 2 Vapor pressure of the precursor.

Precursor DMDMOS DiPDMOS

Vapor pressure* (kPa) 10 0.36

* Extrapolated data at 25°C from actual measuring data
between 60°C and 110°C .
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Fig. 7 Precursor supply system.
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Table 3 Principal condition of film deposition.

Precursor DMDMOS DiPDMOS
Pressure (Pa) 133-665 133-931
Flow rate (cm®/min) 50 25,50, 75
R.F.power (W) 562 338, 562,675
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Fig. 8 Relationship between dielectric constant and
chamber pressure for various precursor flow rate
( @ :75cm’/min, A :50cm’/min , B :25cm’/min) and
each precursor (solid line : DiIiPDMOS, dotted line:
DMDMOS) RF power was fixed at 562 W.
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Fig. 9 Relationship between dielectric constant and
Young's modulus for each precursor's film (solid line :
DiPDMOS film , dotted line: DMDMOS film) .Precursor
flow rate was fixed 50cm*/min. RF power was fixed
562W.
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Fig. 10 FT-IR spectra of (a) DiPDMOS precursor (analyzed
in gas cell), (b) DIiPDMOS film (deposited at the following
condition; F=50cm®/min, P=532Pa, RF=562W) and (c)
DMDMOS film (deposited at the following condition;
F=50cm’/min, P=665Pa, RF=562W).
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