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Study of the plasma emission in a magnetron sputtering system

for a-Si:H production

Estudo da emissdo de plasma em um sistema de pulverizacdo catodica
para a produgdo de a-Si:H
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Abstract

The use of hydrogenated amorphous silicon, a-Si:H, for solar cell applications has shown interesting
possibilities for increasing the efficiency of heterojunctions and reducing the cost of solar cells. Hydrogen
incorporation in thin films of amorphous silicon is crucial for obtaining good electrical properties because it
passivates the dangling bonds in the structure. The study of several parameters that influence the formation
of films is necessary in order to optimize the material properties. In this paper, the optical emission of plasma
during film growth by sputtering was studied in order to evaluate the hydrogenation process, with varying
levels of hydrogen in a H-Ar plasma. The results show the possibility of controlling the process through optical
emission spectroscopy (OES) without the need to introduce further analytical tools in the reactors.
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Resumo

A utilizagdo de silicio amorfo hidrogenado, a-Si:H, para aplicagées em células solares tem mostrado
interessantes possibilidades para aumentar a eficiéncia de heterojungées e reduzir o custo de células solares.
A incorporagdo de hidrogénio em filmes finos de silicio amorfo é crucial para a obten¢do de boas propriedades
elétricas, pois este passiva as ligagoes pendentes na estrutura. O estudo de varios parametros que influenciam
a formagao de filmes é necessario a fim de optimizar as propriedades do material. Nesta pesquisa, a emissdo
optica do plasma durante o crescimento do filme por pulverizagdo catodica foi estudada com a finalidade de
avaliar o processo de hidrogenagdo, com diferentes niveis de hidrogénio em um plasma H-Ar. Os resultados
mostram a possibilidade de controlar o processo atraveés de espectroscopia de emissdo optica (EEO), sem a
necessidade de introduzir novas ferramentas analiticas nos reatores.
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Introduciao

In recent decades, energy generation through the
use of solar power has been emerging as a significant
and competitive supplier to the world’s electricity
market. The generation of energy from solar radiation
is becoming a mature technology, but its high cost
limits its widespread use. Efforts have been made to
make the technology more accessible, especially in
developing countries like Brazil, and also to achieve
more cost-efficient devices. One example of these
devices is a heterostructure based upon the junction
of an amorphous silicon layer grown on crystalline
silicon with an intrinsic a-Si:H layer between the p-n
layers. This kind of solar cell has been cited in the
literature with an efficiency of above 20%"¢. The use
of amorphous silicon (a-Si) as an emitting layer in
photovoltaic cells reduces production costs because
it can be produced at lower temperatures compared
to crystalline silicon (c-Si)®.

In pure a-Si, there is a large concentration (about
102! per cm?®) of defects known as dangling bonds
in the lattice structure. One way to reduce these
defects is to passivate them with hydrogen® which
reduces the defect density from about 10%! ¢cm? to
1015 — 1016 cm?, which in a-Si:H represents less
than one dangling bond per million silicon atoms®®.
Hydrogen plays an important role in the passiva-
tion of defects. The understanding of the incorpo-
ration and stability of hydrogen in a-Si:H has led
to intensive research’.

In this work we used the technique of optical emis-
sion spectroscopy to evaluate the behavior of active
species in plasma sputtering with Ar + H, gases that
are indicative of hydrogen incorporation in the a-Si:H
thin films. The results show that hydrogen incorpora-
tion can be related to the plasma optical emission lines
of SiH, and that thin films with high hydrogen percen-
tages have been achieved.

Experimental
The experiments were performed in a vacuum cham-

ber, a Balzers BAS 450 PM, that uses magnetron sput-
tering. The plasma atmosphere gases were Ar + H..
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The substrate temperature was fixed at 100°C and
the base pressure of the chamber was 9x107mbar with a
working order of 10“mBar. Table 1 shows some of the
process parameters of the experiments:

Table 1. Parameters used in the sputter
plasma generation.

Base

Power pressure Temperature FloW range (sccm)
(e]
W) (mbar) O Ar H,
150
300 9x107 100 75-22.5 0-52.5
450

The analysis of the optical emission of the plasma was
carried out using a EP200Mmd from Verity Instruments
with a diffraction grating with grooves and holographic
blaze angle whose spectral range is between 200 and
900 nm. The plasma was studied under the following con-
ditions: first, by varying the flow rate of the two gases,
and in the second case by keeping the Ar flow constant
and varying only the hydrogen flow rate. We also studied
the effect of the power used to generate the plasma on the
line emission intensity for each species, by varying it bet-
ween 150, 300 and 450W.

In order to calculate the hydrogen percentage in the
thin film we used the infrared spectroscopy technique,
through which it is possible to determine the percentage
of hydrogen bonded in the a-Si:H structure. The process
consists of calculating the area between the stretching
modes for SiHx (2000 — 2100 cm™) (Eq. 1)®:

§= %@ 44 M
(0]

where the absorption coefficient a is obtained using
the intensity ratio for a given thickness d:

a:lm[l_ﬂ @)
d'\77

Then the sample density in the substrate is:

N, =4, S 3)

where NX is the film density and 4w is a proportiona-
lity constant found in the literature.
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Using these expressions we can calculate the hydrogen
percentage formula by means of :

N

x

TN @

where c_is the percentage of the material in the film
and N_ is the substrate density.

Results and Discussion

We monitored the main peaks in order to infer infor-
mation about the process of hydrogenation of amorphous
silicon films, namely the peaks Arl 4p — 4s, Ha (n=3),
HP (n=4) and SiH A 2A — X2I1. Figure 1 shows the spec-
trum in the range between 300-850 nm and Fig. 2 shows
the evolution of mains peaks with the variation of the
Ar percentage in which a maximum point in the curve
of SiH at around 50% Ar can be observed, which indi-
cates a greater number of active species, as predicted
in literature®.

Figure 3 shows the evolution of the peaks while
keeping the Argon flow fixed at 22.5 sccm and varying
the H, flow from 0 to 75 sccm in steps of 7.5 scem.
From the graph we can see an upward trend in the SiH
optical line. In 1980, Matsuda reported that in propor-
tions with much more H,, the SiH line emission tends
to break off®, but this limit is impossible to reach
in our system due to the saturation of the cryogenic
vacuum pump when large quantities of H, are injected.

This upward trend in the SiH optical line led to
varying both gases to study the relation between the

optical line emission from the plasma and the hydro-
gen incorporation in the film.

The effect of the power source in the behavior of the
optical emission lines was observed for the case in which
both gases vary. Figure 4 shows the changes in intensity
for different gas percentages and power source used in
the system. The relevant effect of power source on the
intensity can be also observed.

Figure 5 shows the rate of variation of the optical emis-
sion intensity for the data presented in Fig. 4. The idea of
these graphs is to analyze the “speed” with which the emis-
sion intensity varies for each percentage of gas and energy

For each power level the behavior of the curves are
similar. Intensity variation is greater for the greater power
levels as might be expected from the analysis of the graphs
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Figure 2. Evolution of the normalized optical emission
lines with the Ar-H, concentration in the process for 300W.
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Figure 1. Optical emission spectrum in an
Ar+H2 atmosphere.
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Figure 3. Evolution of the normalized optical emission
lines keeping the Ar flow Constant and varying the H, flow.
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in Fig. 4. Only the behavior of the curve for SiH has a
small difference from the others. It is noted that below
50% Ar the variation of the Power source of 300W beco-
mes greater than for a power of 450 W and the variation
the 150 W curve is much lower compared to the others.
These are important indicators for the production of films
of a-Si:H as reported by Matsuda in which the points of
greatest emission intensity of SiH lead to higher rates of
H bonded to the structure of amorphous Si, which con-
sequently passivate more dangling bonds. Table 2 and
Fig. 7 show the variation in the percentage of hydrogen for
each parameter setting. These results show that films with
higher percentage of hydrogen in its structure are those
with a 50% H, atmosphere composition. Comparing the
optical emission evolution that was obtained the highest
emission intensity for the SiH with 50% H, atmosphere
composition we can find a pattern of equivalent beha-
vior. Only one sample with composition of 40% H, does
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not have the desired quality. But it is important to con-
sider that the power source was in the upper range limit.
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Figure 4. Effect of power on the intensity of the Ha,
Hp, Ar e SiH peaks.
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Figure 5. Intensity derivation.
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Table 2. Hydrogen percentages in the film structure for
each setting parameter.

Sl Power Flow H, Thickness % H, in
W) (%) (nm) the film

1 150 60 220 17,09

2 450 40 90 26,31

3 300 50 121 28,04

4 150 40 77 17,19

5 300 50 124 25,55

6 300 50 122 25,28

7 450 60 192 19,14

The Raman shift of all samples is presented in Fig.
6. The peak at 520 cm™ which is related to the crystal-
line fraction in thin films of silicon is not present and
one only observes the band related to the amorphous
phase, adjacent to crystalline peak. For the three repea-
ted measurements carried out at the central point of the
parameters, i.e, 50% H, and 300W, there was a varia-
bility of 5.79%.

Figure 7 illustrates these results considering only the
percentage of hydrogen in the atmosphere of the plasma
and the hydrogen percentage incorporated in the film. It is
possible to see the behavior mentioned above with only one
point which does not have the desired behavior. This may
be due to the high power used for this case. It is possible
to note that due to the expectation that the sputtering yield
for these gases will increase for higher power sources, the
same percentage of gas would thus lead to a higher state
of excitation of H, thus permitting greater grouping with
Si due to the effect of the Ar.
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Figure 6. Raman shift spectrum of all a-Si:H samples.
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Figure 7. Incorporation of hydrogen in the film as a
function of H, percentage in the plasma atmosphere.

Conclusions

A sputtering process that allows very high H con-
tent in the a-Si:H has been implemented. The study
showed that monitoring of plasma species is effec-
tive in predicting the level of hydrogenation of a-Si.
It is also shown that maximum hydrogenation is a
function H content as well as sputtering power and
that there is a optimum level of H dilution in the
H-Ar plasma, that corresponds to its the maximum
level of SiH species. It is also shown that the H con-
tent for this optimum dilution as well as the level of
film hydrogenation increases with sputtering power.
Finally it is shown that the effects of changing pro-
cess variables on the hydrogenation can be moni-
tored by the optical emission from plasma, which
makes this technique a potential tool to control the
production of a-Si:H.
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