Formation of crystalline silicon films having
nanometer-size grains using a plasma-enhanced
chemical vapor deposition technique
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FORMATION OF CRYSTALLINE SILICON FILMS HAVING
NANOMETER-SIZE GRAINS USING A PLASMA-ENHANCED
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Recently, increasing interest has been attracted to fabrication and
characterization of nanocrystalline silicon (nc-Si), because nc-Si exhibits a
quantum size effect and therefore has a potential for application to optoelectronics.
In addition, the intensive photoluminescence (PL) at room temperature has
attracted much attention for nc-Si films. However, the mechanism of the observed
visible PL is still unclear; Some researchers attribute the PL to quantum
confinement effects of Si nanocrystallites while®others attribute it to silicon-based
luminous compounds such as siloxene and polysilane, localized states at the
surface of nanocrystallites and amorphous Si. The goal of the present work is to

prepare nc-Si films using a plasma-enhanced chemical vapor deposition, and to study
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their structural and optical properties.




First, the structural properties of nc-Si films deposited at 100°C using
SiF4/SiH4/H, gas mixtures were investigated by changing the SiF, ﬂowb rate ([SiF,]
= 0-0.5 sccm). At a certain low [SiF4] value (= [SiF,]s), both the cfystallinity
(crystalline volume fraction), p, and the grain size had minimum values. The
Raman peak shifts corresponded well with a change in stress, and films with
[SiF4]s were suggested to be free from random stress in the local Si-Si networks.
The PL spectra had the highest intensity and the highest peak energy at [SiF,]s.

Second, the correlation between the structural and the optical properties of
silicon crystallites formed at deposition temperature, Ty, of 100 and 300°C were
studied. As a result, the increase in the PL intensity by decreasing the average
grain size, <0>, was observed at Ty = 3006C. The full-width at half-maximum
(FWHM) values of the PL spectra of films deposited at T; = 100°C were broader
than the FWHM values of films prepared at 7; = 300°C. .

Third, the structural properties of the nc-Si films were examined by varying
the Ty from 95 to 500°C under two different hydrogen flow rates ([H,] = 0 and 30
sccm). For these films, the x-ray diffraction, the Raman scattering, the Fourier
transform infrared absorption and the stress were examined. As a result, it was
found that the increase in [SiF4] under hi,gh T; condition was likely to form
preferentially the <110> textured grains alorig with an increase in the <& 110)> but
to decrease the <&(111)> value. On the other hand, the increase in [H,] under low
T4 conditions caused the enhanced formation of <111> grains acting to increase
the crystallinity and to decrease the <110)> and <&111)> values. Based on these
results, a difference in the crystalline properties due to the SiF4; or H, addition
under different 74 conditions was interpreted in terms of a difference in the etching
rate due to hydrogen and fluorine radicals, depending on the value of 7. In

addition, the etching atan early stage of film growth may cause different surface

morphology of the substrate.

Fourth, the optical properties of the nc-Si films were examined by varying

the T; for two different series with two different [H,]: [H,] = 30 scem and [SiF,] =



0.38 sccm as series A films, and with [Hy] = 0 scem and [SiF,] = 0.5 sccm as
series B films. For these films, two PL spectra were found at around 1.7-1.8 eV
and 2.2-2.3 eV. When Ty was increased, it was found that the peak energies, Epy,
of the 1.7-1.8-eV PL band for series A films monotonically decreased, in
agreement with the increases in the <&110)> values, while those for series B films
had a minimum value at around Ty = 200°C, in opposite correlation to the T}
dependence of the <&(111)> values. Such a difference between the PL process for
series A films and that for series B films was interpreted in terms of a difference in
the etching rate due to F-radicals as etchants for Si depending on 7. The decrease

in Epy for series A films with increasing T4 corresponded well with a decrease in

the optical band gap, E.”.

Fifth, the structural properties in connection with a change in the PL by
varying the gas pressure, [H,], rf power and T, were investigated. Nc-Si films
exhibited room temperature PL with two peaks at around 1.8 eV (700 nm) and 2.2
- 2.3 eV (540 — 560 nm). The first 1.8-eV-peak is related to a quantum size effect
and another peak to the SiH-related bonds. The <6> and p decreased with

decreasing the gas pressure. In contrast, all of the PL peak energy, PL intensity

and E; increased. In addition, by increasing [H,], rf power and Ty, it was found

that the values of <&>, p and PL intensity increased and PL peak energy
decreased.

Finally, nc-Si films were deposited on fused quarfz and single (100) crystal
Si substrates using a SiH;-H, mixture at different 73. The effects of plasma-
assisted hydrogenation at 300°C on the optical and structural properties were
examined for the nc-Si films. The crystallization of the films was observed at T
between 500 and 600°C and above 640°C. The film deposited at Ty = 730 °C
exhibited PL in its as-deposited state, but the intensity of PL decreased after
hydrogenation. Correlation” was found between the PL intensity and infrared

absorption bands at around 850 and 1000 cm’.
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