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Method for manufacturing a solar cell

Field

The present invention relates to a method for manufacturing
a solar cell.

Background

The invention relates to a solar cell with p- or n-type
base. The solar cell comprises a semiconductor substrate,
e.g. silicon, which is covered on a back side by the p- or n
type back surface field (BSF) layer and on a front side by
an emitter layer of a conductivity type opposite to that of
the base layer. The front side of the substrate is arranged
to be directed towards a light source during use of the
solar cell.

Document WO 2009/064183 discloses a process for creating of
a n-type BSF layer and a p-type emitter in a silicon
substrate comprising: providing a crystalline substrate
having a first side and a second side opposite the first
side, pre-diffusing Phosphorus into said first side of the
substrate, blocking said first side of said substrate,
diffusing Boron into said second side of said substrate and
simultaneously diffuse said Phosphorus further into the
substrate. That document further discloses that the first
side can be blocked using the first side of another
substrate. Thus, that document discloses that it is possible
to form a solar cell structure by diffusing Boron onto
substrates with a pre-existing BSF layer 1f the BSF layer is
protected, for example, by placing the back sides of two
substrates against each other (‘back-to-back’ loading).
Document WO 2011/025371 discloses a process for creating a
p—- or n-type BSF layer and an n- or p-type emitter in a
silicon substrate. This process comprises the step of

diffusing a dopant on both the textured front side and the
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back side of the silicon substrate. Subsequently, the
resulting glassy layers are removed from both sides, and the
doped layer on the front side is removed and replaced in a
diffusion process through a doped layer of the opposite
conductivity type. The gist of this process is that a co-
diffusion of the emitter on the frontside and the BSF on the
backside is feasible in combination with a non-single sided
diffusion to pre-diffuse the BSF layer. The requirement
thereto is that the frontside is etched before the co-
diffusion, which can be done in a way that retains the
existing surface texture. The two-sided diffusion of the
BSF layer may be carried out in a variety of doping methods,
including the use of a belt furnace and diffusion sources
applied by spray, vapour, spinning, printing or plasma
implantation doping.

A disadvantage of the known manufacturing process is that an
emitter with a high sheet resistance will have a lower
junction depth, which brings the junction closer to a front
side metal contact which may increase recombination losses
and reduces cell efficiency.

A further disadvantage of the known manufacturing process is
that removing the first conductivity-type doped layer from
the textured front surface by an etching process adapted for
retaining texture of the textured front surface is a
critical process. Over-etching on the front side leads to
enhanced optical losses due to the loss of the surface
texture. Under-etching would lead to shunting problems
because the remaining first conductivity-type doped layer
can compensate the subsequently diffused second
conductivity-type doped layer. The critical nature of the
front side etching process may cause some yield losses in

high-volume solar cell production.
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Summary of the invention

It is an object of the present invention to provide a method
for manufacturing the solar cell with p- or n-type base,
which overcomes or reduces the disadvantages as mentioned
above.

According to the invention this object is achieved by a
method for manufacturing a solar cell from a semiconductor
substrate of a first conductivity type, the semiconductor
substrate having a front side and a back side, the method
comprising in a sequence: creating by diffusion of a dopant
of a second conductivity type a second conductivity-type
doped layer in the front side and the back side; during
diffusion forming of a dopant containing glassy layer on the
front and back side; removing the second conductivity-type
doped layer and the dopant containing glassy layer from the
back side by a single sided etching process, while
maintaining the dopant containing glassy layer on the front
side; creating a Back Surface Field (BSF) layer of the first
conductivity type on the back side by implantation of a
dopant of the first conductivity type into the back side;
removing the dopant containing glassy layer from the front
side of said substrate by an etching process; and surface
oxidation by heating said substrate for a predetermined
period of time and to a predetermined temperature in
oxidizing atmosphere to form passivation layers on the front
and the back side.

The inventors of the present invention have realized that
the co-diffusion step for the BSF of the known process is
actually undesired. The double diffusion step of the BSF
layer will result in dopant drive-in into the substrate and
out-diffusion out of the substrate, reducing the dopant
concentration at the back surface. This is undesired in

order to make a good contact with a metallization to be
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deposited thereon. Furthermore, the co-diffusion leads to a
physical connection between the BSF and the emitter at the
edges of the substrate. This creates the need for an
additional process step that establishes an isolation
between the front side emitter layer and the BSF layer. A
commonly used process to establish such an isolation is to
make a groove by laser on the front side near the edges of
the wafers, but it comes at the cost of a reduced cell
efficiency as the laser groove lowers the effective solar
cell area and because the damaged silicon surface inside the
groove may be associated with a high electron-hole
recombination probability. These disadvantages add up to the
difficulty in forming an adequate emitter with high sheet
resistance.

The invention is based on the insight that the dopant at the
textured front side, rather than the dopant in the BSF,
should be given a double heat treatment so as to obtain a
double diffusion. The separate emitter drive-in of the
dopant of the second conductivity provides flexibility to
select a deeper junction and to combine the Jjunction with a
higher sheet resistance or a lower total dopant density.

For the provision of the BSF, ion implantation can be used.
This has the advantage that the implantation step will not
affect the front side doping. Preferably, the implantation
is carried out using directional ion beams. This ensures
that merely the rear side will be attacked by the beams with
their directional nature. Moreover, shunting at the
substrate edges is easily prevented, without a need for
plasma etching and/or laser grooving. Furthermore,

The combination of diffusion and ion implantation would
appear to make solar cell processing more complex. First of
all, it requires a thermal oxidation step subsequent to the

implantation, that would give rise to changes in the doping
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profile. Secondly, implantation requires exposure of one
side of the substrate to a implantation source, and thus a
one by one processing of substrates, rather than the
stacking in boats typically used for diffusion processes.
Not only is one by one processing more expensive, but also
does this not fit with the handling in solar cell
manufacture.

The inventors have understood that these considerations need
not to apply. Rather, a thermal oxidation after a diffusion
may be used for obtaining a deep junction depth of the
emitter. This may be achieved even without loss of the high
sheet resistance. In the context of the present application,
high sheet resistance is suitably a sheet resistance within
a range of 60-150 Ohm/sq, preferably 80-120 Ohm/sg. Deep
junction depths can be in the range of 0.4 - 1 micrometer.
In a preferred embodiment, the thermal oxidation is carried
out so as to obtain a deep junction in the semiconductor
substrate adjacent to the front side. A thermal budget
sufficient to achieve such deep diffusion is thereto
defined. This budget depends on temperature and duration,
with a minimum duration decreasing with increasing
temperature. A suitable budget is for instance based on a
threatment at 900°C, for 15-40 minutes, for instance 30
minutes. Skilled persons may recalculate this budget to
other temperatures, and could furthermore carry out
calibration experiments. The deep junction, more
particularly a buried emitter, for instance of Boron, is
suitably contacted with a metal past diffusing into the
semiconductor substrate. Alternatively, use may be made of
any electroconductive deposition techniques, such as

electroplating.
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In one suitable embodiment, the dopant containing glassy
layer on the front side i1s used as a protective carrier
layer during the implantation of dopant into the back side.
Unexpectedly, the handling issues may be solved in that the
dopant containing glassy layer on the front side is used as
a protective substrate, i.e. carrier layer, during the
implantation step and any related wafer handling. This
dopant containing glassy layer on the front side turns out
to protect the integrity of the underlying emitter layer
during the wafer handling required for the ion implantation
process step. This use of the glassy layer as a protective
layer significantly simplifies wafer (i.e. substrate)
handling.

In this way a robust and economic manufacturing process can
be obtained wherein a solar cell can be produced. Herein, a
critical single-side etching step applied onto the front
side of the substrates is effectively avoided. Instead, the
process uses the single-side etching step applied onto the
back side of the substrates, which process is intrinsically
a far more robust process, because overetching on the back
side does not negatively affect the solar cell efficiency.
In an embodiment, the method further comprises during the
diffusion of the dopant of the second conductivity type,
formation of a dopant containing glassy layer on the front
side and the back side from a precursor of the second
conductivity type, the dopant containing glassy layer acting
as dopant source for the semiconductor substrate.

In an embodiment, the method further comprising positioning
of two substrates back to back in a slot of a carrier before
the diffusion of the dopant of the second conductivity type.
Placing the substrates repeatedly back-to-back in the slots

of the carrier increases production throughput.
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More generally, the implantation is preferably carried out
for several substrates simultaneously. It has been found
that one may suitably achieve this, with a suitable carrier.
In a further embodiment, the substrates are provided, -
after their processing in an oven for the diffusion step,
suitably on a carrier such as a boat, onto a holding device,
which merely makes contacts to the protective layer on the
front side. The holding device is thereafter moved to
subsequent tools, so as to remove the dopant containing
glassy layer from the back side and to implant dopant ions
at the back side. The holding device could be a transport
band. Alternatively, the holding device could be a chuck,
wherein the substrate is kept on the holding device by means
of an underpressure. The surface of such a chuck may be
provided with a textured surface, complementary in shape to
the textured surface of the textured face of the
semiconductor substrate. The advantage of using a chuck or
like holding device is that the substrate may continue to be
present thereon while being processed for removal of the
glassy layer and/or the implantation of dopant ions.

In an embodiment, method comprises removing the dopant
containing glassy layer from the back side preceding the
removal of the second conductivity-type doped layer from the
back side.

In an embodiment, the method comprises removing the dopant
containing glassy layer from the back side while removing
the second conductivity-type doped layer from the back side,
in a single sided etching process. The single side etching
step for removing the second conductivity-type doped layer
and the dopant containing glassy layer provides a robust
process, for example, a slight over etching will not lower

the short-circuit current of the solar cell.
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In an embodiment the method comprises forming a layer of
silicon nitride on the front and back side using plasma-
enhanced chemical vapor deposition (PECVD) or low pressure
chemical wvapour deposition (LPCVD)

In an embodiment of the method, the etching process for
removing the dopant containing glassy layer on the front
side comprises a dry hydrogen fluoride (HF) vapor process.
The dry HF vapor process can avoid one wet processing step
to remove the second-conductivity glassy layer. This dry
process reduces water consumption. A further advantage is
that in case a carrier or wafer boat is used to carry the
wafers for the dry HF process, the wafer boat can remain
permanently in a production tool for subsequent process
steps for example thermal oxidation, forming gas anneal, and
LPCVD nitride deposition.

In an embodiment the method comprises forming of a gas
anneal on the front and back side by exposing the substrate
in an inert ambient to hydrogen H2 at an elevated
temperature, such as 300-500 °C. Suitably, the step is
carried out prior to the LPCVD nitride deposition.

In an embodiment the method comprises forming respective
layers of silicon nitride on the front side and the back
side using LPCVD. An advantage of LPCVD is that it enables
simultaneous deposition of a silicon nitride layer on the
front- and back side of the substrate. Furthermore, LPCVD
proved a dense nitride which can advantageously be used for
electrochemical plating of metal contacts. The dense nature
of the nitride protects the underlying silicon from metal
contamination, which may otherwise adversely affect the
solar cell efficiency.

A further embodiment of the method comprises positioning the
substrate in a carrier; retaining the substrate in the

carrier during a plurality of subsequent process steps for:
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- Preferably, removing the dopant containing glassy layer
on the front side by a dry hydrogen fluoride (HF) wvapor
process;

- surface oxidation by heating said substrate for a
predetermined period of time and to a predetermined
temperature in oxidizing atmosphere to form passivation
layers on the front and the back side;

- optionally forming of a gas anneal on the front and
back side by exposing the substrate in an inert ambient
to hydrogen (H2), and

- forming respective layers of silicon nitride on the
front side and the back side using LPCVD.

In this way the substrate remains in the single carrier, for
example, the wafer boat during these process steps and the
wafer boat can remain in the same production tool. So,
handling of the substrate can be reduced which improves the
process yield.

The substrates preferably remain on the same carrier
starting from the dry etching step up to the LPCVD
deposition. For practical reasons of apparatus design, it
may be that only the surface oxidation and the nitride
formation step are combined. The advantage is then that
there is no need for intermediate cooling down. This saves
significant time and energy. Moreover, it may well reduce
the loss of surface passivation due to hydrogen loss, which

may turn out to be sensitive to the thermal variation

In a further embodiment, the implantation step is carried
out with phosphorus ions. A suitable implant dose is for
instance in the range of 10'°-10'® cm ? such as 2-8 10 cm 2.
Preferably use is made of a type of implantation apparatus
known as a High current implanter. More preferably, the

apparatus is suitable for a high throughput, for instance
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1500-2000 substrates of standard size (6-inch) per hour.
Such an apparatus is more suitably provided with a ion beam
in a shape that covers more than one substrate
simultaneously. The shape is more preferably rectangular,
such that a plurality of substrates, for instance in the
range of 4-16 can be implanted simultaneously.

In a further implementation, the implanter is provided with
handling means that allow for one-sided contact. More
particularly, the contact would be at the front side of the
substrate that is covered with the doped glassy layer acting
as a protective layer. The back side is then exposed to the
implanting source, and particularly there is no risk of such
contamination of the back surface that could block or
deviate any ion beams originating from the implanting
source.

The solar cells resulting from the present method may be any
suitable type of solar cells, including conventional one-
sided cells, bifacial cells. The solar cells may be provided
with through-substrate via holes for contacts of the emitter
to the back side. Alternatively, such can be made of an H-
type metallisation. In again a further embodiment, the cells
may be provided with an interdigitated back contact (IBC)
cell design, as known per se to the skilled person.
According to again a further aspect of the invention, a
method is provided for the manufacture of a solar cell,
comprising the steps of:

- positioning a semiconductor substrate with a front side
and a back side in a carrier, which semiconductor
substrate is provided with a doped layer and a dopant
containing glassy layer on the front side;

- retaining the substrate in the carrier within a single
production tool during a plurality of subsequent

process steps comprising:
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0 removing the dopant containing glassy layer in a
dry etching process
o surface oxidation by heating said substrate for a
predetermined period of time and to a
predetermined temperature in oxidizing atmosphere
to form passivation layers on the front and the
back side; and
o forming respective layers of silicon nitride on
the front side and the back side using low-
pressure chemical vapour deposition (LPCVD), and
- Removing the substrate out of the production tool
In this way the substrate remains in the single carrier, for
example, the wafer boat during these process steps and the
wafer boat can remain in the same production tool. So,
handling of the substrate can be reduced which improves the
process yield.
Suitably, the plurality of subsequent process steps further
comprises the step of forming of a gas anneal on the front
and back side by exposing the substrate in an inert ambient
to hydrogen H2. This step is most suitably carried out prior
to the LPCVD deposition of a silicon nitride. This anneal
step is suitable so as to form a nitride with good
characteristics, particularly good passivation
characteristics.
The dry etching step may be carried out with any suitable
chemicals, for instance hydrogen fluoride (HF) is suitable
for selective removal of a glassy layer of borosilicate
glass (BSG) or a phosphosilicate glass (PSG).
The carrier within the single production tool is more
precisely a boat, such as a boat of quartz, as known to the
skilled person. During the process, the boat may be shifted
from one portion of the tool to a subsequent one. An

advantage hereof, particularly for the transfer of the boat
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from the oxidation furnace into the LPCVD reactor is that
the boat can remain at elevated temperature, for instance in
the range of 600-800 °C. This reduces overall processing
time, and appears to lead to less side-effects.
Particularly, it is believed that loss of surface
passivation due to hydrogen loss at the surface of
oxygen/silicon may be reduced.

The transfer of the wafer boats is suitably done in an
automated manner, for instance by transmission of the wafer
boat along a rail system. The production tool is more
suitably of the horizontal type, so as to allow easy
migration of the wafer boats between its individual units.
The invention further relates to a production tool
comprising

- An oven unit for surface oxidation by heating said
substrate for a predetermined period of time and to a
predetermined temperature in oxidizing atmosphere to
form passivation layers on the front and the back side;
and

- A deposition unit for forming respective layers of
silicon nitride on the front side and the back side
using low-pressure chemical vapour deposition (LPCVD),
and

- Means for transport of a carrier with semiconductor
substrates between said units.

This apparatus or production tool is feasible to prevent a
cooling down and heating up c¢cycle for the transfer of a
wafer boat from the oven unit into the deposition unit. More
suitably, a sluice is present between said deposition unit
and said oven unit, such that the wafer boat may be
transferred via the sluice from the oven unit into the

deposition unit.
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In a preferred embodiment, the oven unit and the deposition
unit are arranged adjacent to each other, and isolated from
each other by means of the sluice. More preferably, both the
oven unit and the deposition unit are provided with a door
or alternative entry for loading and/or unloading purposes.
In this manner, a system is created wherein the wafer boat
may be unloaded at a different location than the loading.
Hence, loading may also be carried out simultaneously to
processing and/or unloading. This results in a more
efficient use of the apparatus. Thereto, the apparatus is
more preferably provided with second transport means in
addition to the - first - transport means. These transport
means are suitably chosen to comprise paddles.

The sluice may be embodied in the form of a panel, but also
in the form of a small chamber. The latter implementation
appears advantageous, as it serves to isolate the deposition
unit from the oven unit by means of creating a distance.
Moreover, it may serve to prevent contamination and gas
exchange. More particularly, the transport means, such as a
paddle, used for transport of the wafer boat into the oven
unit may also be used to transport the wafer boat into such
chamber, and still does not enter the deposition unit. The
second transport means, i.e. paddle, can then be used to
transport the wafer boat from this sluice chamber into the
deposition unit.

In a further implementation such a sluice chamber has a
smaller cross-sectional area than the oven unit and/or the
deposition unit. This not merely results in better
isolation, but also allows for the gas entry and/or gas
removal means at the end of the oven unit and/or the
deposition unit, i.e. opposite to the doors thereof, and

suitably above, below and/or adjacent to said sluice. This
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arrangement of gas entry and/or gas removal means is
beneficial to the operation of the deposition unit.

In a further embodiment, the oven unit is of the horizontal
type. This matches best with the deposition unit and a
transfer between the two of them. More particularly, the
oven unit and the deposition unit are each of a half-tube
size. The resulting apparatus is then a full tube. This
matches the arrangement and organization of cleanrooms, and
further is in line with available support means, such as
sizes of transport means, more particularly paddles,
arrangement and organization of gas systems, control
electronics and the like.

In one suitable embodiment, the apparatus further comprises
a unit for removing a dopant containing glassy layer of a
semiconductor substrate in a dry etching process. This unit
is suitably arranged on top of or below the oven unit and
the deposition unit. It is more preferably arranged so that
the loading of this dry etching unit can occur from the same
loading chamber as the entry into the oven unit. Thereto,
suitably, such a loading chamber is provided with an
elevator for shifting a loaded carrier - wafer boat -
upwards and downwards. The invention further relates to the
use of such an apparatus. This apparatus appears most
beneficial for the production of solar cells. In addition,
use of the apparatus for alternative semiconductor devices
is not excluded. The term ‘semiconductor device’ is herein
used in i1ts broad sense for a device that is based on a
semiconductor substrate and manufactured in a semiconductor
clean room facility. Examples of such a semiconductor device
are so-called micro-electromechanical system (MEMS)
elements, resonators, sensors, diodes, integrated circuits
and discrete devices. More generally, the use of the

apparatus appears particularly beneficial for the deposition
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of an oxide and nitride stack, particularly for passivation
and scratch resistance, wherein the substrates are
vulnerable to thermal cycling. Examples hereof are for
instance devices based on very thin substrates, MEMS
elements, devices with ceramic layers.

Further embodiments are defined in the dependent claims, and

are disclosed in the detailed description.

Brief description of drawings

Embodiments of the invention will now be described, by way
of example only, with reference to the accompanying
schematic drawings in which corresponding reference symbols
indicate corresponding parts, and in which:

- Fig. 1 shows a flow diagram of a first example of a
method for manufacturing a solar cell in accordance
with the invention;

- Fig. 2 shows a cross-section of a semiconductor
substrate for manufacturing the solar cell;

- Fig. 3 shows a carrier comprising the substrate; and

- Fig. 4 shows a flow diagram of a second example of a
method for manufacturing a solar cell in accordance
with the invention.

- Fig.bA-H shows a series of diagrammatical cross-
sectional views of a first embodiment of an apparatus
for use in the invention;

- Fig. 6 shows a diagrammatical top view of the apparatus
of Fig. b5

- Fig. 7 shows a diagrammatical cross-sectional view of a

second embodiment of the apparatus.

Detailed description



10

15

20

25

30

WO 2013/141700 PCT/NL2013/050199
16

The figures are not drawn to scale. Same reference numerals
in different figures indicate the same or corresponding
elements.

Figure 1 shows a flow diagram of a first example of a method
for manufacturing a solar cell in accordance with the
invention. According to the first example, the method
comprises a sequence 100 of processes to manufacture a solar
cell with either p- or n-type base. Below, the sequence 100
is illustrated for a solar cell with n-type base. The
substrate 1 of the solar cell is suitably a silicon
substrate, and more preferably a monocrystalline silicon
substrate 1. Alternatives thereto and variations thereof are
not excluded.

Figure 2a shows a cross-section of the silicon substrate 1
for manufacturing the solar cell. A single crystal or multi-
crystalline semiconductor substrate i.e., a silicon
substrate 1 with n-type conductivity is provided as
precursor for the solar cell. The silicon substrate has a
front side 20 and a back side 21. The front side is arranged
as surface for receiving light during use of the solar cell.
In an alternative embodiment, the silicon substrate is doped
to have a conductivity of p-type.

Referring again to figure 1, next, in process 101, the
method provides texturing of the surfaces 20,21 of the
silicon substrate 1 by exposing the surface(s) to be
textured to a texture etching agent. The front side 20 can
be textured to create a surface topography (also referred to
as texture features) resulting in a low reflectivity of the
surface. For example, the texturing recipe can be tuned to
obtain as texture features large pyramids on the surface
(e.g. an average pyramid height of about 2 microns or more).
The back side 21 is either textured to create a surface

topography (also referred to as texture features) resulting
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in a low reflectivity of the surface or polished to create a
surface topography resulting in a high reflectivity. The
textured surface of the back side 21 does not have to be
identical to the textured surface of the front side 20.It is
possible to create a surface texture either in a single-
sided manner on the front side 20 or in a two-sided manner
on both front and back sides 20,21. Additionally, in process
101 the texturing may be combined with an etching process
for saw damage removal. Combining saw damage removal and
texturing may be advantageous for silicon substrates that
have not been pre-polished after slicing from a silicon
ingot. Alternatively, the texturing 101 may also be preceded
by such an etching process for saw damage removal.

Figure 2a show a cross-section of the solar cell after
creation of texture. In the process 101 as described above,
the texture is created by exposing the surface(s) to be
textured to a texture etching agent. Such a texturing agent
may be an alkaline or acid solution, but it could also be a
plasma for dry etching.

Referring again to figure 1, in a subsequent process 102,
the method provides the creation of a p-type (emitter) layer
3 on the textured front side. The front side is exposed at
elevated temperature to a p-type dopant, for example, a
boron containing gas e.g. BBr3 (boron tri bromide) in a tube
furnace. The initial depth of the p-type dopant layer can be
for example 0.3 micrometer. In an embodiment the substrates
can be positioned in the carrier such that two substrates
are repeatedly positioned back to back in a slot of the
carrier before place the carrier in the tube furnace. In an
embodiment the elevated temperature may be any suitable
elevated temperature for the specific diffusion process
being applied for the materials that are used. The elevated

temperature may also depend on the time during which the
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elevated temperature is applied. In general the temperature
applied may be between about 700 and about 1200 °C or
between about 780 - 1200 °C. During the process 102 for
forming the boron doped or emitter layer 3 which is a
diffusion driven process, a boron containing glassy layer
(BSG) layer 2 is formed on the textured front side 20 and on
the back side 21.

Fig 2b shows a cross-section of a solar cell after forming
the BSG layer 2 on the front and back side. After process
step 102 to create the BSG layer, the method continues with
a process step 103 to remove the BSG layer 2 and the boron
doped layer 3 from the back side 21 of the substrate 1 by a
single sided etch process, the BSG-layer on the front side
20 can be maintained in such a single sided etch process.
Fig 2c¢ shows a cross-section of a solar cell after removing
the BSG layer 2 and the boron-doped layer 3 from the back
side 21. In a subsequent process step 104, after removal of
the BSG layer 2 and the boron doped layer 3 from the
backside, the method continues with creation of a back
surface field (BSF) layer 4 by ion implantation of an n-type
dopant into the back side 21. The n-type dopant can be
phosphorus or arsenic. The front side 20 of the substrate is
not doped due to the directional character of the ion beam
implantation. Furthermore, a mask can be used that shields
the edge of the substrate from the ion beam to avoid doping
of the edge of the substrate. In between the process steps
102, 103, 104 it is preferred to keep the BSG-layer 2 as
much dry as possible in order to prevent forming of
particles, which may contaminate the ion implanter.

Fig. 2d shows a cross-section of the solar cell after
process 104 for the creation of the BSF layer 4. In a

subsequent process step 105 the method continues by removing
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the BSG layer 2 from the front side 20 of the substrate by
an etching process. For example a dry HF etch process.

Fig 2e shows a cross-section of a solar cell after removing
the BSG layer 2 from the front side. In a subsequent process
step 106, after removal of the BSG layer 2 from the front
side 20, the method continues with forming a passivation
layer 5 on both the front side 20 and back side 21 by
heating the substrate in an oxidizing atmosphere for example
10% Oxygen 02 for a predetermined period of time, for
example 0.5 hours at an elevated temperature of 1000 °C.
During the oxidation a further co-diffusion of the p-doped
emitter layer and the n-doped BSF is performed. It is noted
that the BSF layer 4 on the back side develops further by
co-diffusion, i.e., diffusion of the n-type dopant from the
BSF layer deeper into the silicon substrate simultaneously
with the diffusion of the p-type dopant from the emitter
layer deeper into the silicon substrate on the front side.
In an embodiment, after co-diffusion the BSF layer has a
sheet resistance between about 20 and about 30 Ohm/square
and the emitter layer has a sheet resistance between about
50 and about 70 Ohm/square. In another embodiment, after co-
diffusion the BSF layer has a sheet resistance between about
5 and about 100 Ohm/square and the emitter layer has a sheet
resistance between about 50 and about 150 Ohm/square.

After the sequence of processes as described above, the
method provides a silicon substrate which comprises an n-
type back surface field layer 4 on the back surface 21; and
a p-type emitter layer 3 on the textured front side 20 and
an oxide layer 5 on the n-type back surface field layer 4
and the p-type emitter layer 3 on the textured front side
20.

Fig. 2f shows a cross-section of a solar cell after forming

the oxide layer 5 on the front and back side. After the co-
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diffusion in process step 106, the method continues with a
subsequent process 107 to form silicon nitride (SiNx) layers
6 respectively on the front side 20 and back side 21 by
PECVD.

Fig. 2g shows a cross-section of a solar cell after forming
the silicon nitride layer 6 on the front and back side. The
solar cell manufacturing process 100 may be completed with a
process for metallization for forming electrodes on the
front and back side. These processes are known per see to
person skilled in the art, and may comprise depositions,
screen printing of metallization patterns, firing-through,
etc.

Fig. 4 shows a flow diagram for a second example of a method
according to the invention. The second example of the method
comprises a sequence 400 of processes to manufacture a solar
cell with either p- or n-type base. Below, the sequence 400
is illustrated for a solar cell with n-type base. In this
second example of the method the steps 201 to 206 are
identical to the steps 101-106 of the sequence 100 of the
first example of the method as described above. The method
400 continues in a subsequent process step 207 after the co
diffusion in process step 206, by forming a gas anneal on
the front side 20 and back side 21 of the substrate 1 by
exposing the substrate to an inert ambient of Nitrogen N2
and a low concentration for example 5% Hydrogen H2. The
method continues with a subsequent process step 208, after
forming the gas anneal on the front and the back side to
form silicon nitride (SiNx) layers 6 on the front side 20
and back side 21 by LPCVD. The formation of the silicon
nitride layers 6 on the front side 20 and the back side 21
can be performed simultaneously by the LPCVD process.

Fig. 2g shows a cross-section of a solar cell after forming

the silicon nitride layer 6 on the front and back side. The
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solar cell manufacturing process 400 may be completed with a
process for metallization for forming electrodes on the
front and back side (not shown). These processes are known
per see to the person skilled in the art, and may comprise
screen printing of metallization patterns, firing-through,
etc.

Fig. 3 shows a cross section of a carrier, for example, a
wafer boat 7 that can be used to retain the substrate 1 in
the processes 100,400 according to the invention. For
example, in process 100 the same wafer boat 7 can be used to
retain the substrate permanently in the process step 105 for
the removal of the BSG layer 2 and the process step 106 for
forming a passivation layer 5 on the substrate 1 and in the
process step 107 for forming silicon nitride layers 6 on the
substrate 1. Furthermore, in process 400 the same wafer boat
7 can be used to retain the substrate permanently in the
process step 205 for the removal of the BSG layer 2, in the
process step 206 for forming a passivation layer 5 in the
process step 207 for forming the gas anneal and in the
process step 208 for forming silicon nitride layers 6 on the
substrate 1. The wafer boat 7 can remain in the same
production apparatus during these process steps.

Fig. 5A-H disclose in more detail a first embodiment of an
apparatus in which the wafer boat 7 can remain in the same
production apparatus during the steps of forming a
passivation layer 5, and for forming the silicon nitride
layers 6. Fig. 7 discloses a second embodiment of an
apparatus, which further includes a subunit for a dry
etching step, particularly for removal of the BSG layer 2,
as specified with reference to Fig. 4. A subunit for
performing the gas anneal, particularly known as a forming
gas anneal is not included. Fig. 6 shows a diagrammatical

top view indicating further elements of the apparatus.
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The present apparatus as shown in Fig. 5A-H comprises an
oven unit or oxidation furnace 110, deposition unit or LPCVD
reactor 120, a loading chamber 150, and an unloading chamber
160. The oxidation furnace 110 is provided with a door 112
to the loading chamber 150. A connector door or sluice 114
is present between the oxidation furnace 110 and the LPCVD
reactor 120, which is again provided with a door 122 to the
unloading chamber. In this embodiment, both the oxidation
furnace - or oven — 110 and the LPCVD reactor 120 are of the
horizontal type, and are designed as so-called half-tubes. A
design based on full tubes is not excluded, but would
require more development steps starting from LPCVD reactors
and ovens as currently commercially available.The transport
of the wafer boat 7, and a second wafer boat 17 through the
apparatus is arranged with transport means, including
paddles 80, 180. The paddle 80 is in its rest position
located in the loading chamber 150, and the paddle 180 is
located in its rest position in the unloading chamber 160.
The paddle 80 is designed for carrying the - first - wafer
boat 7 and the second boat 17. Due to its size, the paddle
80 1s able to extend into the LPCVD reactor 120 through the
door 112 and the sluice 114. The paddles 80, 180 are each
provided with paddle movement means 81, 181 and with boat
support means 82. While the paddle movement means 81, 181
are shown as an upstanding wall. However, it will be clear
to the skilled person, that additional elements will be
available, such as a guiding means, for instance in the form
of a rail, for guiding the paddle in its movement from the
loading chamber 150 into the furnace 110 (also called oven)
and the LPCVD reactor 120. Furthermore, an implementation
with an upstanding wall may not be necessary, and that other
forms could be arranged, particularly in the - rather

standard - case that the paddle 81 is driven by means of a
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motor. In one suitable implementation, the moving means
comprise a cantilever system. Herein, a cantilever
constitutes an interface between the paddle and any further
boat moving means. The cantilever may be adjustable in all
directions (x, y and z) and may hold different types of
paddles, for instance slotted paddles. The boat support
means 82 are shown in the figures in the form of a distance
holder, also for sake of clarity in the figure. It will
however be clear to the skilled person that such boat
support means 82 may be implemented differently, and/or that
these may be integrated into the paddle 80 or the boat 7,
17.

Rather than the shown implementation wherein the - first -
paddle 80 extends into the LPCVD reactor 120, it is feasible
that the - second - paddle 180 is designed so as to bring a
wafer boat from the oven 110 into the LPCVD reactor 120, and
subsequently from the LPCVD reactor 120 into the unloading
chamber 160. The first paddle 80 may then be designed to be
shorter than shown in the figure. In a further alternative,
the system of the oven 110 and the LPCVD reactor 120 could
be provided with transfer means, so as to transfer a wafer
boat 7 from the oven 110 to the LPCVD reactor 120. Such
transfer means could be embodied as grippers or even on the
basis of a movable support for the wafer boat 7.

The substrates in the wafer boat 7 are shown in a preferred
orientation relative to the oven 110 and reactor 120, i.e.
transversal to the flow of gas within the oven 110 and the
reactor 120. The gas flow in the oven is suitably from one
side, for instance the sluice 114 to the other side, i.e.
the door 112, such that the oven 110 may be subdivided into
an upstream region, a wafer boat location and a downstream
region. A gas entry is provided, typically with a flow

control means, for entry of the said gas into the reactor in
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the upstream region. Gas removal means are provided in the
downstream region. Suitably, the oven may be provided with
means for defining an underpressure. Such means are
typically coupled to the gas removal means. The same applies
to the LPCVD reactor 120, as well known to the skilled
person in the art of these apparatuses.

Suitably, the gas provision and removal in the system of the
oven 110 and the LPCVD reactor 120 is integrated. Several
stages of integration are feasible. For instance, the gas
flow directions in the oven 110 and the LPCVD reactor 120
may be reversed, such that either all gas entry means may be
in the center, i.e. adjacent to the sluice 114, or that all
gas removal means may be present on that side. Furthermore,
gas storage systems may be coupled, so as to provide a
single vessel of oxygen (for instance) and/or hydrogen for
supply to both the oven 110 and the LPCVD reactor 120.
Heating means present in the oven 110 and the LPCVD reactor
120 may be coupled, even though the temperature settings in
the oven 110 should be variable relative to those in the
LPCVD reactor 120. The same holds for pressure setting
means.

The loading chamber 150 and the unloading chamber 160 are
in-line stations and feasible for cleanrooms, such as class
1, class 10 and class 100 cleanrooms. The chambers are in
this, preferred but not essential, implementation provded
with a work surface, a perforated filter screen and tube-
level shelves all made of mirror polished stainless steel.
Fans are available in this implementation with an adjustable
rotation speed. The loading chamber 150 and unloading
chamber 160 are suitably provided with systems for fully
automated wafer loading and unloading from the wafer boat 7,
17. In order to meet said cleanroom requirements, the

(un) loading chambers 150, 160 are regulated with a pre-
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filter through for instance HEPA, ULPA. The (un)loading
chambers 150, 160 may be implementated with unidirectional,
laminar airflow (for instance horizontal or vertical). If a
dry etching unit is present above or below the oven and
LPCVD reactor, such as shown in Fig. 7, an elevator is
sulitably present for shifting a loaded wafer boat upwards
and/or downwards. While not shown in Fig. 5A-H, it is not
excluded that two oven units 110 and two LPCVD reactors 120
are positioned on top of each other, so as to enlarge the
capacity of the system. In such as configuration, gas
supply and gas removal means may again be coupled and/or
shared. The (un)loading chambers 150, 160 could be provided
with heating means, so as to carry out a pre-heating step.
However, this is not deemed essential.

Fig. 5A shows a first stage of a process for running the
sald apparatus, wherein a first wafer boat 7 and a second
wafer boat 17 are loaded onto a first paddle 80.

Fig. 5B shows a second stage, wherein the door 112 is opened
and the paddle 80 is moved into the oven 110. This process
is suitably carried out in a manner corresponding to the
loading of a conventional oven system as commercially
available. After unloading the first wafer boat 7 from the
first paddle 80, the first paddle 80 returns again into the
loading chamber 150. The door 112 is thereafter closed.

Fig. 5C shows a third stage, in which the substrates - or
wafers - on the first wafer boat 7 are treated in the oven
110. The oven 110 is then heated in a manner known per se,
particularly by controlled ramping up of temperatures. The
temperature of the oven 110 for loading of wafer boats 7, 17
may however be higher than room temperature, for instance
700-800 °C. Evidently, time is needed thereafter to bring the
wafer boat and the wafers therein to said temperature before

further ramping up the temperature. The process temperature
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for the oxidation step is suitably in the range of 850-
1000°C.

Fig 5D shows a fourth stage, in which the first paddle 80
again is used so as to transfer the first wafer boat 7 from
the oven 110 to the LPCVD reactor 120, and to transfer the
second wafer boat 17 from the loading chamber into the oven
110. Thereto, door 112 and sluice 114 will be opened. The
sluice i1s for instance embodied in the form of a panel.
Before opening the panel, the pressures in the oven 110 and
the LPCVD reactor 120 are suitably brought to the same
level, and the temperature in the oven 110 is brought down
to the loading temperature of 700-800°C. After this
equalization of conditions, the panel is opened and the
wafer boat 7 is transferred from the oven 110 to the LPCVD
reactor 120. Alternatively, the sluice 114 may be embodied
in the form of a chamber for the wafer boat 7. The chamber
may be put on the same temperature of either the LPCVD
reactor 120 or the oven 110, and a temperature system for
such chamber could be integrated with one of those. This
chamber implementation has the benefit of constituting an
isolation between the LPCVD reactor 120 and the oven 110.
Moreover, such as chamber may be narrow, so as to leave room
in oven 110 and/or the LPCVD reactor 120 for entry and/or
removal of gases. In such as case, the first paddle 80 could
bring the first wafer boat 7 into said chamber, while the
second paddle 180 transfers the wafer boat 7 from the
chamber into the LPCVD reactor 120.

In any case, 1t i1s a major advantage of the present system,
that the wafers in the first wafer boat 17 are directly
transferred to the LPCVD reactor 120 without an intermediate
cooling down to room temperature. This reduces processing
time. Moreover, the inventors of the present invention

believe that such direct transfer at elevated temperature,
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for instance in the range of 600-900°C, more preferably from
700-800°C, reduces the hydrogen loss. Such hydrogen loss from
the passivation layer is a reason for carrying out a
separate forming gas anneal. Furthermore, the hydrogen
content may be increased herein, by adding hydrogen into the
gas composition of the LPCVD reactor. Even more preferably,
the hydrogen content is increased in the LPCVD reactor 120,
and possibly also the oven 110, for instance up to 50% or
even up to 100% during the transfer of the wafer boat 7 from
the oven 110 into the LPCVD reactor 120, for instance via a
intermediate stay in the chamber of the sluice 114.

Fig. 5E shows a fifth stage, in which the first wafer boat 7
is processed in the LPCVD reactor 120 and the second wafer
boat 17 is processed in the oven 110. Simultaneously, the
first paddle 80 could be reloaded with a further wafer boat
— not shown -, in the position of the second wafer boat 17.
The advantage hereof is that the overall production yield
may be increased, in that no further loading time is needed.
Fig. 5F shows a sixth stage, in which the first wafer boat 7
is removed from the LPCVD reactor 120 by means of the second
paddle 180. It is an advantage of this removal by means of
the second paddle 180, that the processing time in the oven
may be longer than in the LPCVD reactor 120.

Fig. 5G shows a seventh stage, in which the first wafer boat
7 is in the unloading chamber 160, whereas the second wafer
boat 17 is still in the oven 110.

Fig bH shows a subsequent stage, wherein the second wafer
boat 17 is transferred to the LPCVD reactor 120. Suitably,
this allows the simultaneous loading of a further wafer boat
into the oven 110.

Fig. 6 shows a diagrammatical top view of the apparatus. In
this embodiment, the apparatus is provided with back mounted

gas systems 119, 129. Such backmounted arrangement of gas



10

15

20

25

30

WO 2013/141700 PCT/NL2013/050199
28

systems is particularly advantageous for LPCVD, since it
results in additional space for bubblers and other services
for LPCVD. Moreover, it provides short lines from the gas
system 129 to a flange of the LPCVD reactor 120. Needed gas
systems are known per se to the skilled person. Furthermore,
a gas source cabinet 190 is provided and is arranged before
the sluice 114 of the apparatus. An alternative arrangement
is however not excluded. The gas source cabinet 190 suitably
contains all process gas facilities as well as a digital
process controller and peripheral equipment. Gas panels are
suitably mounted wvertically for ease maintenance. The gas
cabinet may be exhausted through the full height thereof.
Fig. 7 shows a diagrammatical cross-sectional view of a
second embodiment of the apparatus. This apparatus is
further provided with a dry etching tool 130, which is
provided with a door 132 for loading and unloading into the
loading chamber 150. As shown in this implementation, the
dry etching tool 130 is a full-tube system so that a
plurality of wafer boats may be subjected to dry etching
simultaneously. The loaded wafer boats may be transported,
particularly by means of an elevator, to the first paddle 80
after the dry etch operation. If desired, further storage
and handling space may be available for storage and handling
of a series of wafer boats from the dry etching tool 130
into a row from entry into the oven 110.

It will be apparent to the person skilled in the art that
other embodiments of the invention can be conceived and
reduced to practice without departing from the true spirit
of the invention, the scope of the invention being limited
only by the appended claims. The description illustrates the

invention and is not intended to limit the invention.
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Claims

1. A method for manufacturing a solar cell from a

semiconductor substrate of a first conductivity type, the

semiconductor substrate having a front side and a back side,

the method comprising in a sequence:

2.

creating by diffusion of a dopant of a second
conductivity type a second conductivity-type doped
layer in the front side and the back side;

during diffusion forming of a dopant containing glassy
layer on the front and back side; removing the second
conductivity-type doped layer and the dopant containing
glassy layer from the back side by a single sided
etching process, while maintaining the dopant
containing glassy layer on the front side;

creating a BRack Surface Field (BSF) layer of the first
conductivity type on the back side by implantation of a
dopant of the first conductivity type into the back
side;

removing the dopant containing glassy layer from the
front side of said substrate by an etching process, and
surface oxidation by heating said substrate for a
predetermined period of time and to a predetermined
temperature in oxidizing atmosphere to form passivation

layers on the front and the back side.

The method as claimed in Claim 1, further comprising

during the diffusion of the dopant of the second

conductivity type, formation of a dopant containing glassy

layer on the front side and the back side from a precursor

of the second conductivity type, the dopant containing

glassy layer acting as dopant source for the semiconductor

substrate.

3.

The method as claimed in Claim 1 or 2, further comprising

positioning of two substrates back to back in a slot of a
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carrier before the diffusion of the dopant of the second

conductivity type.

4. The method as claimed in Claim 2 or 3, comprising

removing the dopant containing glassy layer from the back

side preceding the removal of the second conductivity-type

doped layer from the back side.

5. The method as claimed in Claim 4, wherein the dopant

containing glassy layer is removed from the back side while

removing the second conductivity-type doped layer from the

back side, in a single sided etching process.

6. The method as claimed in Claim 1, further comprising

forming a layer of silicon nitride on the front and back

side using plasma-enhanced chemical vapor deposition (PECVD)

or low pressure chemical vapour deposition (LPCVD)

7. The method as claimed in Claim 1, wherein the etching

process for removing the dopant containing glassy layer on

the front side comprises a dry hydrogen fluoride (HF) wvapor

process.

8. The method as claimed in Claim 1, wherein the substrate

is tempered in a gas anneal on the front and back side by

exposing the substrate in an inert ambient to hydrogen (H2)

after forming of the passivation layers.

9. The method as claimed in Claim 8, further comprising the

step of forming respective layers of silicon nitride on the

front side and the back side using LPCVD after the said gas

anneal.

10. The method as claimed in any of the Claims 6 and 7,

which method comprises:

- positioning the substrate in a carrier;
- retaining the substrate in the carrier during the

subsequent process steps for: removing the dopant
containing glassy layer on the front side by a dry

hydrogen fluoride (HF) vapor process; surface oxidation
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by heating said substrate for a predetermined period of
time and to a predetermined temperature in oxidizing
atmosphere to form passivation layers on the front and
the back side; and forming respective layers of silicon
nitride on the front side and the back side using
LPCVD.

11. The method as claimed in Claims 7 and 9, which method

comprises:

positioning the substrate in a carrier;

retaining the substrate in the carrier during the subsequent

process steps for: removing the dopant containing glassy

layer on the front side comprises a dry hydrogen fluoride

(HF) vapor process; surface oxidation by heating said

substrate for a predetermined period of time; and to a

predetermined temperature in oxidizing atmosphere to form

passivation layers on the front and the back side forming of

a gas anneal on the front and back side by exposing the

substrate in an inert ambient to hydrogen H2; and forming

respective layers of silicon nitride on the front side and

the back side using LPCVD

12. The method as claimed in any of the preceding claims,

comprising the formation of electrodes on the front side and

on the back side.

13. The method as claimed in any of the preceding claims,

wherein the first conductivity type is n-type and the second

conductivity type is p-type.

14. A method for the manufacture of a solar cell, comprising

the steps of:

- positioning a semiconductor substrate with a front side

and a back side in a carrier, which semiconductor
substrate is provided with a doped layer and a dopant

containing glassy layer on the front side;
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retaining the substrate in the carrier within a single
production tool during a plurality of subsequent
process steps comprising:

o surface oxidation by heating said substrate for a
predetermined period of time and to a
predetermined temperature in oxidizing atmosphere
to form passivation layers on the front and the
back side; and

o forming respective layers of silicon nitride on
the front side and the back side using low-
pressure chemical vapour deposition (LPCVD), and

Removing the substrate out of the production tool

The method as claimed in claim 14, wherein the substrate

is also retained in the carrier for removing the dopant

containing glassy layer in a dry etching process, which

occurs prior to the surface oxidation.

16. A production tool comprising

17.

An oven unit for surface oxidation by heating said
substrate for a predetermined period of time and to a
predetermined temperature in oxidizing atmosphere to
form passivation layers on the front and the back side;
and

A deposition unit for forming respective layers of
silicon nitride on the front side and the back side
using low-pressure chemical vapour deposition (LPCVD),
and

Means for transport of a carrier with semiconductor
substrates between said units.

The production tool as claimed in Claim 16, wherein a

sluice 1s present between the oven unit and the deposition

unit.
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18. The production tool as claimed in Claim 17, wherein the
sluice comprises a sluice chamber with a first port to the
oven unit, and a second port to the deposition unit.

19. The production tool as claimed in Claim 17 or 18,
wherein the oven unit and the deposition unit are arranged
in line with each other.

20. The production tool as claimed in Claim 17, 18 or 19,
wherein the oven unit is provided with an entrance to a
loading chamber, and the deposition unit is provided with a
door to an unloading chamber.

21. The production tool as claimed in Claim 20, wherein the
transport means comprise a first paddle defined in the
loading chamber, and a second paddle defined in the
unloading chamber.

22. The production tool as claimed in any of the Claims 16-
21, further comprising a unit for removing a dopant
containing glassy layer of a semiconductor substrate in a
dry etching process.

23. Use of the production tool as claimed in any of the
claims 16-22 for the surface oxidation of and subsequent
silicon nitride deposition on a substrate.

24. Use as claimed in claim 23, wherein the substrate is a
semiconductor substrate, which forms part of a semiconductor

device.
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