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Abstract. Wide band gap hydrogenated amorphous silicon oxide(a-SiOx:H) films were prepared by
radio frequency plasma enhanced chemical vapor deposition(RF-PECVD) method. Nitrous
oxide(N,0), hydrogen(H>), silane(SiH.) were used as source gases. With the increase of N,O/SiH,
ratio from 0.5 to 2, the optical band gap of films changed in the range of 1.93~2.65eV, and the
hydrogen and oxygen contents were increased as well. The microstructure factor(R*) was used to
characterize the degree of defect of films, and it was found that the increase of oxygen content
could reduce the defect states. Moreover, we also studied the influence of RF power on the process
of preparation. After comprehensive analysis, we got the best quality of films with optical band gap
of 2.27eV and refractive index of 2.21 when N,O/SiH, ratio is 1 and RF power is 90W.

Introduction

Wide band gap materials are very important for improving the photovoltaic performance of
Si-based thin-film solar cells. Hydrogenated amorphous silicon oxygen alloys with wide and
adjustable band gap are widely used as window layers in thin-film solar cells[1].

There are many methods for the preparation of hydrogenated amorphous silicon oxide(a-SiOy:H)
films, one of which is to use the RF-PECVD method[1,2]. Its advantage lies in that films are
prepared in low temperature, which can promote photoelectric properties and reduce the defects of
films. Usually, works by use of CO;[3,4,5] as oxygen source gas have been reported, but rarely
involved in N,O[6,7]. It is well known that various deposition parameters, like the flow rate of
source gases, deposition pressure, RF power, and substrate temperature, etc, can affect the
photoelectric and structural characteristics of films. In this paper, we paid more attention to the
growth conditions of a-SiOx:H films prepared by PECVD method using N,O as oxygen source gas,
and studied about influence of the N,O/SiH, ratio and RF power on the optical and structural
properties of films.

Experimental Details

The a-SiOy:H films were prepared on glass and Si substrates, respectively by RF-PECVD method,
at 13.56MHz RF power with base pressure about~10"Pa. Silane(SiH4), hydrogen(H,) and nitrous
oxide(N,O) were used as source gases. Samples deposited on glass substrates were used for optical
characterization and that deposited on Si substrates were used for analysis of Fourier transform
infrared(FTIR) spectroscopy and refractive index. Deposition conditions for different a-SiOx:H
films were summarized in Table 1. The N,O/SiH, ratio was varied in the range of 0.5-2, and silane
and hydrogen gas flow rates were kept constant at 10 and 100sccm respectively. The substrate
temperature and chamber pressure were also kept constant at 200°C and 90Pa, respectively. The RF
power was varied from 30 to 120W. Optical band gap was measured by UV-Vis Spectrophotometer,
and refractive index of films was measured by using spectroscopic ellipsometry. The scanning
electron microscope (SEM) was used to observe the surface morphology of the film and the
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composition analysis was obtained by energy dispersive spectroscopy (EDS). The hydrogen and
oxygen contents of films were calculated through the FTIR spectroscopy as well as the
microstructure factor(R*).

Table 1. Deposition conditions for different a-SiOx:H films

Parameter a-SiOx:H

N,O/SiH, ratio 1 1 1 1 0.5 2

RF power[W] 30 60 90 120 60 60
Temperature['C] 200 200 200 200 200 200
Pressure[Pa] 90 90 90 90 90 90
Optical band gap[eV] 2.18 2.24 2.27 2.21 1.93 2.65
Refractive index 231 2.25 2.21 2.28 2.94 1.89
Oxygen content 6.7% 146% 18% 111%  8.7% 17.1%
Hydrogen content 7.3% 11.2% 152% 21.7% 6.3% 10.7%

Results and Discussion

Optical band gap and refractive index of a-SiOy:H films are given in Fig.1. Optical band gap (Eg) is
determined by Tauc’s formula

(ahv'/?) = (B)% (v — Eg), (1)

where h is Plank’s constant, v is optical frequency, a is absorption coefficient, and B is a
constant. (ahv'/?) is plotted with hv and a linear fit is drawn at the absorption edge region of
optical frequency. The intercept of the linear plot is used as a measure of Ey. We observed an
increase in optical band gap from 1.93 to 2.65eV as the N,O/SiH, ratio is increased from 0.5 to 2.
Refractive index of the films reduces from 2.94 to 1.89 by increasing the N,O/SiH,4 ratio. It is
known that the window layer of the solar cell requires proper optical band gap and refractive index,
which would match well with the i-type layer and achieve the optimum light transmission[8]. So, in
order to obtain the effective distribution of the solar spectrum, we should choose appropriate
refractive index, and form the DBR(distributed Bragg reflector) structure with other absorption
layers to strengthen the selective light reflection[8].
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Fig.1 Optical band gap and refractive index with the different N,O/SiH, ratio.

With the help of Lucovsky’s normalization constant [9], one can estimate oxygen and hydrogen
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content in these bonding configurations through evaluating integrated absorption of the respective
FTIR absorption peaks. An integrated absorption in wavenumber interval of 940-1150cm™ has been
used to estimate oxygen content of the film.

€(0) = A°1 = 0.156 f,,° adE, 2)
where C(0) is the oxygen content(units of at.%), A° = 0.156at.%/eV-cm, and [ = f9141050 adE

is the integrated absorption in unit of eV - cm™!. Fig.2(a) shows FTIR absorption spectra within
wavenumber interval of 940-1150cm™ for samples prepared with the N,O/SiH, ratio from 0.5 to 2.
We observed an increase in oxygen content from 8.7% to 17.1% as the N,O/SiH, ratio
increases. The hydrogen content of films has been also evaluated from integrated absorption of the
FTIR spectra with wavenumber interval of 1950-2300cm™ as shown in Fig.2(b) using

C(H) = 0.77 [/ adE. (3)

The characteristic peaks at 2000cm™ and 2100cm™are derived from the Si-H and Si-H, bond
stretching mode respectively, and the characteristic peaks at 2140cm™, 2190cm™ and 2250cm™ are
related to H,-Si(SiO), H-Si(O,Si) and H-Si(O3) radical group respectively deriving from the Si-H
bond stretching mode. Stretching mode at 2100cm™ is generally considered more prone to the
dangling bond or defect states[2].We use the microstructure factor(R*) to characterize the degree of
defect of films[10,11].

R* = I2100 . (4)
12000 12100 t12140 t12190 +12250
When the N,O/SiH, ratio is 0.5, the R* has reached the maximum value. With further increasing
the N,O/SiH, ratio, the peaks from FTIR absorption spectra move to the longer wavenumber. So,
we know that the R* reduces with increase of the N,O/SiH, ratio, when the ratio is more than 0.5.
Considering the optical band gap and refractive index as mentioned above, the N,O/SiH, ratio of 1
is chosen to perform the following study about influence of the RF power on properties of films.

Fig.2(a)

Fig.2(b)
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Fig.2 The FTIR absorption spectra from (a) 940cm™ to 1150cm™ and (b) 1950cm™ to
2300cm™ wavenumber with the different N,O/SiH, ratio. The calculated oxygen and hydrogen
contents are also shown respectively.

Optical band gap of a-SiOx:H films prepared in the different RF power is also determined by
Tauc’s formula, as seen in Fig.3(a). We observed that with increase of the power the curves shifted
to the high energy, which meant that the optical band gap increases. When the RF power is 90W, the
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optical band gap reached the maximum value of 2.27eV. However, continuously increasing the RF
power to 120W, the optical band gap reduced to2.21eV. In addition, we used the infrared spectrum
analysis to study the influence of the RF power on the structural characteristics of films. Fig.3(b)
shows the relationship between the RF power and the oxygen content, and the change of the
hydrogen content is shown in Fig.3(c). It is found that the oxygen content increases firstly and then
decreases by increasing the RF power, which coincides with change in the optical band gap of films.
However the hydrogen content increases remarkably as the RF power is much higher.
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Fig.3(a) Optical band gap, the FTIR absorption spectra from (b) 940cm™ to 1150cm™ and (c)
1950cm™ to 2300cm™ wavenumber with the different RF power. Fig.3(d) shows the SEM image of
a-SiOy:H film with the N,O/SiH, ratio of 1 and the RF power of 90W. The calculated oxygen and

hydrogen contents are also shown respectively.

From what has been discussed above, we may know that the increase of RF power leads to
increase of electrons’ temperature in the plasma, which promotes the decomposition of N,O and
improves the oxygen content. The high power is more conducive to the decomposition of SiH4, thus
greatly improving the hydrogen content and reduce the optical band gap. However, it may raise the
concentration of Si-H, bond stretching mode, which leads to the increase of defects of films[2].
Therefore, the RF power of 90W is acceptable in comparison. The surface morphology of films on
the glass substrate was observed in Fig.3(d). From a whole point of view, the a-SiOx:H films
is amorphous and the surface is very smooth, which can satisfy the requirement for window layer in
Si-based thin-film solar cells.
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Conclusions

1.The a-SiOx:H films was prepared by using RF-PECVD method, and a phenomenon that the
increase in N,O/SiH,4 ratio can significantly improve the optical band gap and oxygen content, and
reduce the refractive index was been found.

2.Structural defect is observed to reduce at higher oxygen content, thus at wider optical band gap
the film may have a radically reduced defect states. A reduction in the proportion of Si-H; bond
stretching mode in films is expected to further improve the quality of the film.

3.By increasing the RF power, the optical band gap can be improved further. However, the optical
band gap and oxygen content reduce, and hydrogen content of films increase obviously when the
RF power is much higher.

4.0ur best deposition condition was found that N,O/SiH, ratio is 1 and RF power is 90W. Under
this deposition conditions, we got the film with optical band gap of 2.27eV and refractive index of
2.21.
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