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SUMMARY

Miniaturization of electronic circuits with increased complexity and multilevel
metal layers demands to develope the new inter metal dielectric (IMD) materials
with low dielectric constant. Fluorinated silicon dioxide film as a new IMD
material was fabricated by using FTES/H:0-LPCVD and FTES/O.-PECVD
methods. The properties of deposited SiOF film such as bonding mode, F
concentration, dielectric constant, leakage current, dielectric breakdown voltage,
stress and uniformity were investigated.

From FTIR spectra, Si-O stretching mode, Si-F stretching mode, and Si-O
bending mode is confirmed. The absorption peak corresponding to Si-OH bonding
mode is appeared in the spectra of deposited SiOF thin film by LPCVD. But
there is no peak corresponding to Si-OH bonding mode in the FTIR spectra of
SiOF thin film by PECVD. From XPS analysis, the F concentration of SiOF thin
film by LPCVD is 2 ~ 14% and that of SiOF thin film by PECVD is about 5%.
From this result, it seems that F concentration is easily controlled by PECVD. In
the deposited SiOF thin film by LPCVD at FTES : H:0 = 150sccm : 135sccm and
300°C, calculated dielectric constant is 3.32, dielectric breakdown voltage is
4.3MV/em - 87MV/cm, and leakage current is 40%10°A/cm® - 4x10 °A/cm’. In
the deposited film by PECVD at FTES : O: = 300sccm : 500sccm, calculated
dielectric constant is 365 - 3.13, dielectric breakdown voltage is 3.8MV/cm -
3.6MV/cm, and leakage current is 1.1X10 'A/em’ - 43x10 YA/cm® From the
stress analysis, the tensile stress is ~109dyne/cm2. From the SEM analysis, the
step coverage of SiOF thin film by LPCVD deposited on 0.7ym pattern is 71% and
that of the SiOF thin film by PECVD deposited on 0.3pm and 0.45¢m pattern are
90% and 91%, respectively.
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Figure 1. The Schematic diagram of CVD system
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Table 1. Chemical Properties of FTES

Characteristic Value Unit
Molecular weight 182.27 g/mol
Vapor pressure 33 mmHg
Boiling point 1335 T
Melting point < - 80 T
Density 0.98 g/cm’

Table 2. Deposition condition for the SiOF thin film by FTES/H.O-LPCVD

Parameter Value Unit
Initial pressure 3x107° Torr
Working pressure 10 Torr
Gas line and reaction chamber temp. 50 T
Substreate temp. RT ~ 300 T
Gas floe rate FTES 150 seem
H20 115 ~ 195 sccm
Bubbler temp. 30 T




Table 3. Deposition condition for the SiOF thin film by FTES/O0.-PECVD

Parameter Value Unit
Gap spacing(Sub/Shower head) 16 mm
Shower head 2 stage 2cm, @ 2mm
Working pressure 2 Torr
Substrate temp. 300 T
Bubbler temp. 50 T
Flow rate FTES 100 ~ 500 sccm
0. 100 ~ 500 sccm
Carrier gas Ar
rf power 100 W .
2 W/cm®
Buffer gas (1 Torr) N2, Ar
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Figure 3. The FTIR spectra of SiOF thin film with various flow rate

at room temperature
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Figure 5. The AES depth profile of SiOF film deposited
at FTES/H-O = 150/135 and RT
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Figure 23. SEM cross-sectional view of SiOF thin film on 0.7¢m pattern

M : metal thickness A : oxide thickness on metal
C : oxide thickness on metal space Sn ¢ space between metals

B : oxide thickness at metal side wall St:Su-2BBTii: M+ A-C

Figure 24. Definition of step coverage and aspect ratiolA/R)
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Figure 25. The AFM surface morphology of the SiOF film
at FTES/H-0 = 130/135, RT

Figure 26. The AFM surface morphology of the SiOF film
at FTES/H.O = 150/135, 300TC
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Figure 30. The uniformity of SiOF film
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Figure 31. C-V characteristic of the SiOF film with FTES/O. = 300/300
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Figure 33. C-V characteristic of the SiOF film with FTES/O. = 300/500
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Figure 38. The characteristics of the bare wafer stress
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Figure 39. The characteristics of the SIOF film stress on the 5 inch full wafer
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Figure 40. The characteristics of the SiOF/Si stress with various temperature
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