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oooooooo
1. Title of Invention
Method for passivating a semiconductor substrate
2. Claims

1. A method for the passivation of a semiconductor substrate, wherein a
SiNy:H layer is deposited on a surface of the substrate (1) by means of a
PECVD process comprising the following steps:

- the substrate (1) is placed in a processing chamber (5) which has specific
internal processing chamber dimensions, such as at least one internal
length, width, height and/or diameter;

- the pressure in the processing chamber is maintained at a relatively low
value;

- the substrate (1) is maintained at a specific treatment temperature;

- aplasma (P) is generated by at least one plasma cascade source (3)
mounted on the processing chamber (5) at a specific distance (L) from the
substrate surface

- atleast a part of the plasma (P) generated by each source (3) is brought
into contact with the substrate surface; and

- flows of silane and ammonia are supplied to said part of the plasma (P).

2. A method according to claim 1, characterized in that process

parameters of the PECVD process, at least said processing chamber

pressure, the flows of silane and ammonia, the substrate temperature, the
dimensions of the processing chamber (5) and the distance (L) between the

at least one plasma source (8) and the substrate surface, are such that a

SiNx:H layer is deposited on the substrate (1) at a growth rate higher than

5 nm/s, in particular higher than 15 nm/s.

3. A method according to claim 1 or 2, characterized in that the flow of

silane per cascade source (3) is higher than approximately 0.05 slm and is in

particular within the range of 0.05-1.0 slm, more in particular in the range
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4. A method according to any one of the preceding claims, characterized
in that the flow of ammonia per cascade source (3) is higher than
approximately 0.2 slm and is in particular in the range of 0.2-2.5 slm, more
in particular in the range of 0.5-1.0 slm.

5. A method according to at least claim 2, characterized in that the
distance (L) between the at least one plasma source (8) and the substrate
surface is in the range of approximately 100 mm - 750 mm, more in
particular in the range of approximately 100 mm — 300 mm.

6. A method according to any one of the preceding claims, characterized
in that the ammonia is supplied to the plasma (P) in the processing chamber
(5) near the at least one plasma source (3).

1. A method according to any one of the preceding claims, characterized
in that the silane is supplied to the plasma (P) near the substrate (1) in the
processing chamber (5).

8. A method according to any one of the preceding claims, characterized
in that said substrate temperature is in the range of 350-450°C, more in
particular in the range of 380-420°C.

9. A method according to any one of the preceding claims, characterized
in that the processing chamber pressure is lower than 5000 Pa, in particular
lower than 500 Pa.

10. A method according to any one of the preceding claims, characterized
in that the process parameters, at least the silane flow/ammonia flow ratio,
are such that approximately 15-20 atom% hydrogen is incorporated in the
SiNx:H layer during the deposition of this layer.

11. A method according to claim 10, characterized in that said silane
flow/ammonia flow ratio is in the range of 0.15-0.25.

12. A method according to any one of the preceding claims, characterized
in that the process parameters are such that the atomic nitrogen/silicon

ratio x in the SiNx:H layer is in the range of 1.0-1.5.
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13. A method according to anyone of the preceding claims, characterized
in that at least the SiNx:H layer deposited on the substrate (1) is subjected
to a temperature treatment wherein the layer is maintained at a
temperature in the range of 700-1000°C for a specific heating period.

14. A method according to any one of the preceding claims, characterized
in that the thickness of the SiNx:H layer deposited on the substrate (1) by
the PECVD process is in the range of 10-1000 nm.

15. A method according to any one of the preceding claims, characterized
in that the substrate (1) is a polycrystalline silicon substrate.

16. A method according to any one of the preceding claims, characterized
in that in each plasma cascade source a DC voltage is used to generate the
plasma.

17. A method according to any one of the preceding claims, wherein the
substrate is subjected on both sides to a treatment according to a method
according to any one of the preceding claims.

18. A method according to any one of the preceding claims, wherein the
ratio between the flow of the silane and the flow of the ammaonia is varied
during application of the SiNx:H.

19. A method according to claim 18, wherein the variation of the ratio is
realized by successively using different sources, wherein in a first source,
the silane/ammonia ratio is constant, but differs from a next source in which
the silane/ammonia ratio is also constant.

20. A method according to claim 18, wherein the variation of the ratio is

realized by varying the flows of silane and ammonia in a single source.
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3. Detailed Description of Invention

The invention relates to a method for passivating a semiconductor
substrate.

Such a method is known from practice, see the publication "A high
throughput PECVD reactor for deposition of passivating SiN layers",
presented at the 16t EPVSEC (European Photovoltaic Solar Energy
Conference and Exhibition) in May 2000 in Glasgow by W.J. Soppe et al. In
this method, a SiNyx:H layer is deposited on a relatively large number of
substrates simultaneously by means of a plasma enhanced chemical vapor
deposition (PECVD) process. In this, silane and ammonia are used as
reaction gases.

For carrying out the known method, a Roth&Rau plasma source

[
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[

[

[

[

[

[

[

[

[

[

[

[

[

[ arranged in a processing chamber is used. This source is provided with two
[ .

[ parallel quartz tubes with a copper antenna. During use, the substrates to
[ be treated are placed under the plasma source in this processing chamber.
: Then a plasma is generated by the source, with the process gases silane and
[

[ ammonia being supplied to that plasma. Under the influence of inter alia

[ the plasma and strong electromagnetic fields, the process gases dissociate

{ ; . . .

: into various radicals that effect the growth of the SiNx:H layer on the

[ substrate surface. The EM fields are generated by RF alternating voltages.
E The SiNx:H layers deposited on the substrates are relatively hard and
[ scratch-resistant and, in addition, virtually impermeable to water.

" Furthermore, these SiNy:H layers can each serve as, for instance, an

[

[ anti-reflection layer, with the layer reducing an undesired reflection of light
[ incident on the substrate. Such reflection is undesired when, for instance,

[

the substrate is used in a solar cell.
L
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Furthermore, the SiNx:H layers are advantageous with regard to
repair of dislocations present in the substrates. The fact is that these
dislocations can be repaired, at least partly, in a known manner by means of
hydrogen passivation using atomic hydrogen from the SiNx:H layer. In this
manner, a substrate with good photoelectrical properties can be obtained.

" The hydrogen passivation mentioned can comprise both bulk and
surface passivation, whereby lattice defects in the bulk and surface of the
substrate respectively are repaired. A good surface passivation is usually
related to a good blue response of the substrate. This means that a
relatively large amount of blue light incident on the substrate, which can
usually penetrate into the substrate over a short distance only, releases
charge carriers in the substrate. The charge carriers can comprise free
electrons in the conduction band and/or holes in the valence band. A
substrate showing both a good red response and a good blue response is, for
instance, very suitable to form the basic material for an efficient solar cell.

A disadvantage of the known method is that, with the remote PECVD
process used in this method, only a relatively low growth rate, 1 nm/s, of the
SiNy:H layer can be achieved. Furthermore, for carrying out this method, an
apparatus is used which comprises a relatively large plasma source which is
provided with a relatively long quartz tube with a copper antenna, with the
tube extending along the substrate processing chamber. This makes repair
and/or replacement of that plasma source more difficult. Moreover, such a
source is not advantageous when only one single substrate is to be treated,
in view of an attendant high consumption of energy, silane and ammonia. In
addition, the HF alternating voltage used by the source needs to be

repeatedly adjusted during growth in order to obtain a constant growth
rate. This repeated adjustment of the alternating voltage can be attributed
to inter alia a change of the source impedance due to the growth of the

electrically insulating layer on the substrate.
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The present invention has as its object a method which removes the
disadvantages mentioned. In particular, the invention has as its object a
method by which a SiNx:H layer can be deposited on a substrate in a simple
manner.

For this purpose, the method according to the invention is
characterized by the measures of claim 1.

In this manner, a SiNx:H layer can be applied to the substrate
relatively fast. Because the substrate is placed in a processing chamber of
which the pressure is relatively low, the deposition can take place under
relatively clean conditions, so that relatively little pollution is incorporated
in the layer. The plasma cascade source mentioned can generate the plasma
at a relatively high, internal working pressure. The relatively low pressure
of the processing chamber has the further advantage that the plasma from
the plasma cascade source can leave the plasma source arranged on the
processing chamber at a relatively high speed, in particular virtually
supersonic, for the treatment of the substrate. In this manner, the plasma
can be well bundled and aimed at the substrate, which further leads to the
desired, relatively high growth rate of the layer. This bundling method
makes an in-line method for applying the SiNy:H layer to the substrate
possible. In addition, the plasma cascade source is a source that is relatively
easily to maintain. This method is particularly well suitable to treat a single
substrate, because the cascade source can generate a plasma bundle that is

well attuned to the dimensions of the substrate surface.

Process parameters of the PECVD process, at least the processing
chamber pressure, the flows of silane and ammonia, the substrate
temperature, the dimensions of the processing chamber and the distance
between the at least one plasma source and the substrate surface are
preferably such that a SiN«:H layer is deposited on the substrate with a
growth rate that is higher than 5 nm/s, in particular higher than 15 nm/s.
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For this purpose, the process parameters preferably have the following
values:

- the flow of silane per source is higher than 0.05 slm (standard liter

per minute) and is in particular in the range of 0.005-1.0 slm

- the flow of ammonia per source is higher than approximately

0.2 slm and is in particular in the range of 0.2-2.5 slm
- the distance between the plasma outlet opening of the at least one
source and the substrate is in the range of 100 mm — 750 mm

- the substrate temperature is in the range of 850-450°C.

The SiNx:H layer obtained using the method according to the
invention is found to lead to good bulk and/or surface passivation of the
substrate, such that a good blue response is observed. In this method, a
substrate with an open terminal voltage of approximately 610 mV is
obtained, which substrate gives both a red and a blue response.

According to a further elaboration of the invention, both sides of the
substrate can be subjected to a treatment according to the invention. This
further enhances the advantages of the method according to the invention.

Furthermore, according to a further elaboration of the invention, the
ratio between the flow of the silane and the flow of the ammonia can be
varied when applying the SiNx:H. The result of this is that the refractive
index of the layer to be applied is varied. Especially for the production of
solar cells, this can be highly important because this can result in an
improved efficiency of the solar cells. To be considered here is an efficiency
improvement of 0.2%, which is a significant improvement. As is well-known,
a solar panel is usually built up from a glass plate on which an EVA film is
placed. On this EVA film, the substrates are present that are provided with
the SiNx:H layer. The refractive index of glass is approximately 1.5, that of
EVA is approximately 1.7, and that of silicon is 3.44. The SiNy:H layer can
have a graded refractive index increasing from, for instance, 1.9-2.2 across

the thickness of the layer. The variation in the ratios of silane and ammonia
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can be varied during use of a single source. According to an alternative
elaboration of the invention, however, it is also possible that use is made of
different sources, the silane/ammonia ratio of a first source being constant
but different from a next source which also has a constant silane/ammonia
ratio. In this manner, as it were, different SiNx:H layers with different
refractive indices are successively applied by successive sources.
Further elaborations of the invention are described in the subclaims.

The invention will now be explained with reference to an exemplary

embodiment and the drawing, wherein:

The apparatus shown in the Figures 1 and 2 is provided with a
PECVD processing chamber 5 on which a DC (direct current) plasma
cascade source 3 is provided. The DC plasma cascade source 3 is arranged to
generate a plasma with DC voltage. The apparatus is provided with a
substrate holder 8 to hold one substrate 1 opposite an outlet opening 4 of
the plasma source 3 in the processing chamber 5. The apparatus further
comprises heating means (not shown) to heat the substrate 1 during the
treatment.

As is shown in Fig. 2, the plasma cascade source 3 is provided with a
cathode 10 that is present in a pre-chamber 11 and an anode 12 that is
present at a side of the source 8 proximal to the processing chamber 5. Via a
relatively narrow channel 13 and the plasma outlet opening 4, the
pre-chamber 11 opens into the processing chamber 5. The apparatus is
dimensioned such that the distance L, between the substrate 1 and the
plasma outlet opening 4 is approximately 200 mm — 300 mm. In this
manner, the apparatus can have a relatively compact design. The

channel 13 is bounded by the mutually electrically insulated cascade plates
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14 and the anode 12. During the tteatment of a substrate, the processing
chamber b is maintained at a relatively low pressure, in particular lower
than 5000 Pa, and preferably lower than 500 Pa. Naturally, inter alia the
treatment pressure and the dimensions of the processing chamber should be
such that the growth process can still take place. In practice, the treatment
pressure for a processing chamber of the present exemplary embodiment
has been found to be at least approximately 0.1 mbar for this purpose. The
pumping means needed to obtain the treatment pressure are not shown in
the drawing. Between the cathode 10 and anode 12 of the source 3, a plasma
is generated, for instance by ignition of an inert gas, such as argon, which is
present therebetween. When the plasma has been generated in the source 3,
the pressure in the pre-chamber 11 is higher than the pressure in the
processing chamber 5. This pressure can be, for instance, substantially
atmospheric and be in the range of 0.5-1.5 bar. Because the pressure in the
processing chamber 5 is considerably lower than the pressure in the
pre-chamber 11, a part of the generated plasma P expands such that it
extends through the relatively narrow channel 13, from the outlet opening
4, into the processing chamber 5 to make contact with the surface of the
substrate 1.

The apparatus is provided with gas supply means 6, 7 to supply flows
of ammonia and silane respectively to the plasma P in the anode plate 12 of
the source 3 and in the processing chamber 5 respectively. The ammonia
supply means comprise an ammonia injsctor 6 that is arranged to introduce
ammonia near the plasma source 3 in the plasma P. The silane supply
means 7 are provided with a.shower heéd 7 to supply silane dlownstream
from the plasma outlet opening 4 near the substrate 1 to the plasma P. The
apparatus is provided with ammonia and silane gas sources (not shown)
that are connected via gas flow regulation means to the gas supply means 6,

7. In the present exemplary embodiment, during use, no reactive gases such
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as silane, ammonia, hydrogen and/or nitrogen are supplied to the plasma in
the source 3, so that the source 3 cannot be affected by such gases.

For the passivation of the substrate 1, a plasma P is generated by the
cascade source 3 in the manner described, such that the plasma P makes
contact with the substrate surface of the substrate 1. Flows of silane and
amn'mnia are supplied in a specific silane/ammonia ratio to the plasma P via
the gas supply means 6, 7. In this, the process parameters of the PECVD
process, at least the processing chamber pressure, the substrate
temperature, the distance L between the plasma source 3 and the substrate
1, and the silane and ammonia flows are such that the SiN.:H layer is
deposited on the substrate 1 with an advantageous speed of more than
5 nm/s.

Since the plasma cascade source works under DC voltage to generate
the plasma, the SiNx:H layer can simply, substantially without adjustment
during deposition, be grown at a constant growth rate. This is advantageous
over use of a HF plasma source. Furthermore, with a DC plasma cascade

source a relatively high growth rate can be achieved.

xample
By means of a method according to the invention, a passivating SiNx:H
layer was deposited on a substrate surface of a polycrystalline silicon
substrate with a growth rate of approximately 20 nm/s. In this, the process
parameters were set at the values shown in Table 1. After deposition,
approximately 15-20 atom% hydrogen was found to be incorporated in the
SiNx:H layer, while the atomic nitrogen/silicon ratio x in the SiN.:H layer
was in the range of 1.0-1.5. Then the substrate was subjected to a
temperature treatment, with the SiNy:H layer being held at a temperature
in the range of 700-1000 °C for a relatively short heating period. After this
temperature treatment, the substrate was found to have undergone both a

good bulk and a good surface passivation and to show both a red and a blue
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response. In addition, the substrate obtained in this manner had an open
terminal voltage of approximately 610 mV. Such a substrate is, for instance,
very suitable to be used in a solar cell because of the high solar cell
efficiency related to the terminal voltage. In this, the SiNx:H layer can

simply serve as an anti-reflection layer.

flow of silane 0.15 slm
flow of ammonia 0.8 slm
substrate treatment temperature 400°C
distance L (source-substrate) 230 mm

Table 1. Process parameters

Naturally, various modifications are possible within the scope of the
invention as it is set forth in the following claims.

The thickness of the SiNy:H layer deposited on the substrate by the
PECVD process, for instance, can be in the range of 10-1000 nm.

Furthermore, substrates of various semiconductor materials can be
used to be passivated using the method according to the invention.

In addition, the method can, for example, be carried out using more
than one plasma source mounted on the processing chamber.

Furthermore, the substrate can, for instance, be loaded into the
processing chamber 5 from a vacuum environment, such as a vacuumized
load-lock mounted to the processing chamber. In that case, the pressure in
the processing chamber 5 during the loading can be maintained at its
desired low value. In addition, the substrate can, for instance, be brought
into the processing chamber 5 when that chamber 5 is under atmospheric
pressure, with chamber 5 then being closed and being evacuated by the
pumping means to the desired pressure.

In addition, the cascade sourcs can, for instance, generate a plasma

that exclusively contains argon.
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[ 4. Brief Description of Drawings
Fig. 1 diagrammatically shows, in cross-sectional view, an apparatus

[
[

[ for treating a substrate; and

E Fig. 2 shows a detail of the cross-sectional view of Fig. 1, in which the
[

plasma cascade source is shown.

(S

Abstract

A method for the passivation of a semiconductor substrate, wherein a

SiNx:H layer is deposited on the surface of the substrate (1) by means of a

PECVD process comprising the following steps:

- the substrate (1) is placed in a processing chamber (5) which has specific
internal processing chamber dimensions;

- the pressure in the processing chamber is maintained at a relatively low
value;

- the substrate (1) is maintained at a specific treatment temperature;

- aplasma (P) is generated by at least one plasma cascade source (3)
mounted on the processing chamber (5) at a specific distance (L) from the
substrate surface;

- at least a part of the plasma (P) generated by each source (8) is brought
into contact with the substrate surface; and

- flows of silane and ammonia are supplied to said part of the plasma (P).

g

Representative Drawing
FIG.1
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