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Abstract

The silicon nitride films for gate dielectric were deposited
by catalytic chemical vapor deposition at low temperature
(<200 C). The mixture of SiH, NH; and H, was used as
source gases. The current-voltage (I-V) and the
capacitance-voltage (C-V) characteristics of the films were
measured. The breakdown voltage and the flat band voltage
shift of samples were improved by increase of the NH;
contents and H, dilution ratio. The defect states were
analyzed by photoluminescence (PL) spectra. As the defect
states decreased, the breakdown voltage and the flat band
voltage shift increased.

1. Introduction
(1 line spacing)

Silicon nitride thin films for gate dielectric have
been used in thin film transistor (TFT) for flat-panel
display applications. The high resistivity and stability
were required for the application. Plasma-enhanced
chemical vapor deposition (PECVD) technique at
temperatures from 300 to 500 C is conventionally
used for the deposition of SiN, films on glass [1-3].
Recently, as development of flexible display had been
attracted, the SiNx film deposited on plastic substrate
was required. Thus, the low temperature (<200 C)
process is necessary. The SINx films prepared by
PECVD at substrate temperature of 300 to 500 C
had enough resistivity and stability to use TFT devices.
However, the properties of the SiNy films deposited
by PECVD at temperature below 200 C are not as
good as the SiN, deposited at temperature of higher
than 300 C.

In this work, we deposited SiN, films using
catalytic chemical vapor deposition (Cat-CVD)
technique at temperatures beow 200 C. This
technique had advantage that can be prepared high
quality films at low substrate temperature because of
using radicals decomposed by heated filament
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(catalyst) of higher than 1600 C [4-7].

2. Experimental

The SiNy films were deposited by Cat-CVD using a
mixture of SiH;, NHs and H,. P-type (100) silicon
wafer and tungsten filament were employed as a
substrate and a catalyst, respectively. The tungsten
filament had diameter of 0.4 mm and length of 430
mm. This filament was édectrically heated as
temperatures of 1750 C. The distance between of the
filament and substrate was 50 mm. The substrate was
continually heated by the radiation from this filament.
However, the substrate temperature was maintained to
less than 200 C by water cooling system. The
substrate temperature was monitored by using a
thermocouple for performing deposition process. It
was tested that Polyethersulphone (PES) substrate was
not strained for deposition process. The SiH,4 gas flow
rate was fixed at 2 sccm. NH4/SiH, flow rate ratios
were controlled from 9 to 49. The photoluminescence
(PL) spectra of the samples were measured by using
He-Cd laser having a wavelength of 325 nm. Metal-
insulator-semiconductor  (MIS)  structures  were
fabricated to measure current-voltage (I-V) and
capacitance-voltage (C-V).

3. Resaults and discussion

Fig. 1 shows the breakdown voltages of H,-diluted
and undiluted silicon nitride films prepared at various
NHs/SiH, flow rate ratio. The H,-diluted films have
H, dilution ratio of 90%. The breakdown voltage
increases with NH4/SiH, flow rate ratio. The
breakdown voltage of H,-diluted films was about 4.0
MV/cm at NHs/SiH, flow rate ratio of 49. When



NHs/SiH, flow rate ratio of H,-diluted and undiluted
films were same, the breakdown voltages of H,-
diluted films were higher than that of undiluted films.
These results suggest that H, dilution of the source gas
and increase of NH3/SiH, flow rate ratio help increase
of the breakdown voltages.
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Fig. 1. Thebreakdown voltages of H, diluted SiN,

films by NH/SiH,4 flow rateratio
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Fig. 2. The PL spectra of H, diluted SiN, films by
NH4/SiH, flow rateratio

Fig. 2 shows the PL spectra of 90% H,-diluted
silicon nitride films prepared at various NHs/SiH,
flow rate ratio. Two characteristic PL peaks at the
wavelength of 420 nm and 510 nm. Deshpande «t al.
reported that the PL peak at 420 nm and 510 nm due
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to the existence of nitrogen dangling bonds and silicon
dangling bonds, respectively [8]. The PL peaks at 420
nm were not changed, but the PL peaks at 510 nm
were changed. As the NHy/SiH, flow rate ratio
increased, the intensity of PL peaks of 510 nm
decreased. This result suggests that increase of
NHs/SiH, flow rate ratio helps decrease of silicon
dangling bonds. In other word, we supposed that the
breakdown voltages presented in Fig. 1 increased by
decrease of silicon dangling bonds.
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Fig. 3. The C-V characteristics of H, diluted SiN,
films prepared at NH3/SiH, flow rateratios of (a) 9
and (b) 49

Fig. 3 shows the C-V characteristics of the samples
prepared at two levels of NHa/SiH, flow rate ratios.
The NH3/SiH, flow rate ratios of sample A in Fig. 3(a)
and sample B in Fig. 3(b) were 9 and 49, respectively.
Counterclockwise hysteresis loops were observed at
both C-V curves of samples A and B. The memory
windows of sample A were lager than sample B for
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the same sweep voltages. At both of samples, the
magnitude of the flat band voltage shifts under reverse
bias was larger than under forward bias. The sign of
the flat band voltage appeared to be negative. These
results supported that the silicon dangling bonds
decreased by increase the NH3/SiH, flow rate ratio.

4. Summary

The silicon nitride (SiN,) films were fabricated by
Cat-CVD technique using the mixture of SiH;, NHs
and H, as source gas. The breakdown voltage
characteristics increased with NHy/SiH, flow rate
ratios. The H, diluted SiN, films were observed to
have better properties than undiluted SiN films. The
SiN, films deposited at NH3/SiH,4 flow rate ratios of
49 and H, dilution ratio of 90 % show the breakdown
voltage as higha as 4 MV/cm. The existence of
silicon and nitrogen dangling bonds inside the SiN,
films were analyzed by PL spectra There cause
hysteresisin C-V curves. The memory window in C-V
curve decreased with silicon dangling bonds inside
SiNy film.

Acknowledgement

This work was supported by the IT R&D program
of MKE/IITA. [2009-F-018-01, FT backplane
technology for next generation display]

5. References
(1 line spacing)

1. T.P. Ma, IEEE T. Electron Dev., 45, p.680-690,
(1998)

2. Yue Kuo, J. Electrochem. Soc., 142, p.186-190,
(1995)

3. JA. Babcock, S.G Balster, A. Pinto, C. Dirnecker,
P. Steinmann, R. Jumpertz and B. El-Kareh, IEEE
Electr. Device L., 22, p.230-232, (2001)

4. S. B. Patil, A. Kumbhar, P. Waghmare, V. R. Rao
and R.O. Dusane, Thin Solid Films, 395, p.270-274
(2001)

5. A. H. Mahan, A. C. Dillon, L. M. Gedvilas, D. L.
Williamson, and J. D. Perkins, J. Appl. Phys., 94,
p.2360-2367, (2003)

6. F. Liu, S. Ward, L. Gedvilas, B. Keyes, B. To, Q.
Wang, E. Sanchez and S. Wang, J. 4ppl. Phys., 96,
p.2973-2979, (2004)

1404 IMID 2009 DIGEST -

7. B. Stannowski, J.K. Rath, and R.E.I. Schropp, J.
Appl. Phys., 93, p.2618-2625, (2003)

8. S. V. Deshpande, E. Gulari, S. W. Brown, and S. C.
Rand, J. Appl. Phys. 77, p.6534-6539 (1995)



