
1  DESCRIPTION METHOD FOR THE PRODUCTION OF A SOLAR
CELL AND SOLAR CELL  PRODUCED USING SAID METHOD FIELD
OF APPLICATION AND PRIOR ART [001] The invention
relates to a method for the manufacture of a solar
cell with a  BSF (back surface field) coating, said
solar cell advantageously comprising silicon  or
silicon substrate, as well as a solar cell
manufactured using such a method.  [002] The
manufacture of a conventional solar cell involves a
sequence of proc- ess steps, described in summary form
hereinafter. The basis is usually provided  by
mono-crystalline or polycrystalline p-Si wafers, which
are surface-textured by  means of an etching process
to improve the absorption properties. In the case of
mono-crystalline silicon said etching process is
performed with a mixture of so- dium or potassium
hydroxide solution with isopropyl alcohol.
Polycrystalline sili- con is etched with a solution of
hydrofluoric and nitric acid. Further etching-
cleaning sequences are then performed in order to
provide an optimum prepara- tion of the surface for
the following diffusion process. In said process a p-n
junc- tion in silicon is produced by the diffusion of
phosphorus in a depth of approxi- mately 0.5pm. The
p-n junction separates the charge carriers formed by
light.  For producing the p-n junction the wafer is
heated to approximately 800C to  950C in a furnace in
the presence of a phosphorus source, usually a gas
mixture  or an aqueous solution. The phosphorus
penetrates the silicon surface. The  phosphorus-doped
coating is negatively conductive as opposed to the
positively  conductive boron-doped base. In this
process a phosphorus glass is formed on  the surface
and is removed in the following steps by etching with
HF. Subse- quently to the silicon surface is applied a
roughly 80nm thick coating, usually  



comprising SiN:H, in order to reduce reflection and
for passivation. Metallic con- tacts are then applied
to the front side (silver) and rear side (gold or
silver). In or- der to produce a so-called BSF (back
surface field), advantageously of aluminium,  in said
process part of the aluminium applied to the wafer
rear surface is alloyed  into the silicon in the
following firing step. 2  PROBLEM AND SOLUTION [003]
The problem of the invention is to provide an
aforementioned method and a  solar cell manufactured
therewith, which are able to avoid the disadvantages
of  the prior art and where in particular the
efficiency of a solar cell can be further in- creased.
[004] This problem is solved by a method having the
features of claim 1 and a  solar cell having the
features of claim 15 . Advantageous and preferred
develop- ments of the invention form the subject
matter of the further claims and are ex- plained in
greater detail hereinafter. By express reference the
wording of the  claims is made into the content of the
present description. Furthermore, by ex- press
reference the wording of the priority application DE
102007012277.4 filed  on March 8, 2007 by the same
applicant is made into the content of the present
description. [005] According to the invention a BSF
coating is applied to the rear side of a so- lar cell
substrate, more particularly comprising silicon, in a
way that firstly alumin- ium or a TCO is applied to
the substrate. Subsequently aluminium or part thereof
is alloyed into the substrate and the resulting BSF
coating is transparent or does  not give rise to
shading. The advantage of this manufacturing method
and the  BSF produced therewith is that it is also
possible to produce bilateral or so-called  bifacial
solar cells, which can also be irradiated from the
back, without the BSF  



giving rise to shading. In particular, in this way
both large-area and also small or  local BSF can be
created. It is also possible to use different
application processes  for the aluminium or TCO and
these will be described hereinafter. Finally, such a
method is relatively favourable and as a result
favourable cells can be produced  compared with other
highly efficient solar cells. Through the use of
aluminium in  place of boron for the BSF, a much more
favourable and easily controllable proc- ess can be
used, inter alia in that the alloying temperature for
aluminium is much  lower than for boron and is in
particular less than 900C. Thus, e.g. also multi-
crystalline silicon can be used, which would be
disadvantageously modified in the  case of alloying in
with boron due to the high temperatures of well above
1000C. 3  [006] In a development of the invention
aluminium or TCO can be applied in  punctiform or
small area form to the substrate or a rear surface of
the substrate.  Thus, several BSF can be produced in
punctiform manner or as small areas. Ad- vantageously
these points or small areas are located along lines,
which in particu- lar have the same spacing. They are
preferably applied in the manner of a uni- form grid
or raster, so that a uniform electrical contacting on
the BSF is possible.  On the BSF or the small areas
and in particular along said lines, metallic contacts
are subsequently applied, e.g. of nickel or silver or
combinations thereof. [007] In a somewhat different
development of the invention the application of
aluminium to the substrate and therefore the
production of a BSF or conductive  areas for the BSF
can take place in the manner of the above-described
lines.  Here again it is advantageous if the lines are
parallel to and have the same spac- ing from one
another. [008] In yet another modified development of
the invention aluminium can be ap- plied in areal or
large-area manner to the rear side of the substrate
and can in par- 



ticular cover the entire rear side. It is admittedly
fundamentally possible here to  provide different
coating thicknesses or coating thickness gradients,
but advanta- geously a roughly uniformly thick coating
is applied. As in the case of the above- described,
linearly applied aluminium, here again with the
production of a linear  aluminium-BSF, in a following
step metallic contacts can be applied and once  again
in particular linear metallic contacts. [009] There
are numerous possibilities for applying aluminium to
the substrate. In  one possibility it can be applied
by a screen printing process or ink jet process. It
can also be applied in liquid or pasty form, e.g. as
aluminium-containing liquid or  aluminium-containing
gel. According to another possibility, in much the
same way  as other metal coatings, aluminium can be
applied by sputtering, vaporizing, CVD  processes or
alloying. [010] A heating process can be provided for
alloying the aluminium into the sub- strate or the
substrate silicon material. This advantageously
differs from the heat 4  ing used or occurring for the
preceding application of aluminium. In this way the
process can be better controlled or optimized for its
intended purpose. [011] Following the alloying of
aluminium into the substrate or silicon material,
part of the remaining aluminium is removed. In
particular, only that aluminium is  removed which has
not been alloyed into the substrate or which is still
pure alu- minium and therefore forms its own or a
coating that can be differentiated. Said  unalloyed
aluminium can either be completely removed or, e.g. in
order to permit  a better subsequent electrical
contacting and the application of electrical contacts,
is only partly removed or left in linear form. It is
alternatively possible to remove  all the unalloyed
aluminium. Advantageously the aluminium is removed by
etch- ing, as is known per se. 



[012] In a development of the inventive method,
following aluminium removal  there can be a
passivation at least of the rear side of the
substrate. Advanta- geously an antireflection coating
is applied, at least to the back of the substrate.
This is particularly advantageous if the back of the
solar cell is also to be irradi- ated with light.
[013] Following the above-described removal or partial
removal of aluminium, it is  possible when
manufacturing the solar cell to produce a p-n junction
on the sub- strate, by diffusing phosphorus into
n-silicon. [014] It is also possible, particularly for
a subsequent building up of electrical con- tacting on
the back of the substrate, to apply metal or aluminium
in prefabricated  structures on the substrate. Such
structures are especially produced on an
above-described antireflection coating, said
production taking place mechanically  or e.g. by laser
machining. In the resulting trenches it is possible to
introduce  aluminium, advantageously in the
above-described linear form, more particularly  to an
underlying aluminium-BSF. The latter aluminium is then
not removed. Ad- vantageously to this is applied a
rear, very good conducting, electrical contact in
linear form, particularly as a silver contact. 5
[015] These and further features can be gathered from
the claims, description  and drawings and the
individual features, both singly or in the form of
subcombi- nations, can be implemented in an embodiment
of the invention and in other fields  and can
represent advantageous, independently protectable
constructions for  which protection is claimed here.
The subdivision of the application into individual
sections and the subheadings in no way restrict the
general validity of the state- ments made thereunder.
BRIEF DESCRIPTION OF THE DRAWINGS 



[016] Embodiments of the invention are described
hereinafter relative to the at- tached diagrammatic
drawings, wherein show: Fig. 1 A section through a
solar cell manufactured according to a first
development of the inventive method with an areal
aluminium back  surface field, the pure aluminium
having been removed. Fig. 2 A second development of a
solar cell according to fig. 1 with a  linear
aluminium back surface field, where once again the
pure  aluminium has been removed. Fig. 3 A third
development of a solar cell similar to fig. 2, but
where  the pure aluminium has not been removed.
DETAILED DESCRIPTION OF THE EMBODIMENTS [017] Fig. 1
shows a solar cell 11 comprising a p-doped silicon
substrate 13. An  antireflection coating 17, e.g. of
SiN:H is applied to the front side 15 of substrate  13
and a not shown passivation of the underlying
substrate 13 has taken place.  Onto the front side 15
have been applied contacts in trenches in the
antireflection  coating 17 and comprise a lower nickel
contact 19 and a silver contact 20 applied  to the
latter. The corresponding trenches in the
antireflection coating 17 for con- tacts 19 and 20 can
be produced by etching, or alternatively by mechanical
work- ing or laser machining. The nickel contacts 19
can be applied by so-called elec II 6  tro-less
plating, whereas the silver contacts 20 can be applied
in a LIP process.  Contacts 19 and 20 are linear and
are placed directly on an underlying silicon  coating
of substrate 13. [018] To a rear side 22 of solar cell
11 an areal aluminium back surface field or  aluminium
BSF 24 is applied from below to the silicon substrate
13. As described  



hereinbefore, the aluminium can be applied using a
screen printing process or  some other process. Prior
to an alloying or burning into the silicon an
intermedi- ate drying step can take place. Alloying in
can take place in a furnace, by irradiat- ing with
light or by heating. [019] In the case of the solar
cell 11 according to fig. 1, the surface-applied, more
or less pure aluminium which has not been alloyed into
the silicon is removed, ad- vantageously via an
etching step. The great advantage is that the AISi
alloy left in  the aluminium-BSF 24 is transparent and
in this way a bifacial solar cell 11 can be  created,
which functions on the rear side 22 even in the case
of light incidence. A  further advantage is that
through the use of aluminium the doping in of boron or
boron itself can be avoided. Thus, aluminium can be
more easily handled than  boron, inter alia through
lower temperatures for application and alloying in.
Yet  another advantage is the aforementioned
possibility of using it combined with  transparent,
conductive oxides (TCO), i.e. in general such a TCO
can be used in- stead of aluminium. [020] To the
aluminium-BSF 24 is applied a further antireflection
coating 26. Into  said coating 26 is again introduced
a contact, advantageously in the same way as  to the
front side 15 or firstly a nickel contact 29 and then
a silver contact 30. [021] Fig. 2 shows an alternative
solar cell 111, manufactured using an alterna- tive
method. An antireflection coating 117 is applied to a
front side 115 of silicon  substrate 113, much as
described relative to fig. 1. It is separated by
grid-like pat- terns or opened down to the substrate
113 and firstly nickel contacts 119 and then  silver
contacts 120 are applied. Thus, a nickel contact can
e.g. be applied by  chemical metallization. 7 [022]
Diverging from the representation in fig. 1, to a rear
surface 122 aluminium  



is applied solely in punctiform manner, i.e. in small
areas or lines and not in large- area manner as in
fig. 1. However, the aluminium application can take
place as  described hereinbefore. Subsequently and
e.g. following alloying in and much as  described
relative to fig. 1, excess or pure aluminium is etched
away and the  small areas of the aluminium back
surface field 124 are left. In a back-applied an-
tireflection coating 126 over the aluminium-BSF 124 a
structure is made or the  latter is opened, e.g. by
etching or mechanical working. Then, as described
here- inbefore, firstly a nickel contact 129 and then
to the latter a silver contact 130 is  applied. The
aluminium-BSF 124 in the solar cell 111 according to
fig. 2 is trans- parent. It is also restricted to a
much smaller surface area than with the solar cell  11
of fig. 1. [023] Finally, fig. 3 shows a further solar
cell 211, which once again has a some- what different
construction. As described hereinbefore, on a front
side 215 there  is once again an antireflection
coating 217, lower nickel contact 219 and upper
silver contact 220. However, on a back surface 222 and
admittedly in the manner  described hereinbefore,
application takes place of aluminium for a linear or
puncti- form aluminium BSF 224 and is alloyed into the
silicon. However, unlike what has  been described
hereinbefore, the pure aluminium is not removed and
now instead  forms a replacement for the lower nickel
contacts according to figs. 1 or 2, namely  as
aluminium contact 232 and to which is applied a lower
silver contact 230. A  difference between solar cell
211 of fig. 3 and solar cell 111 of fig. 2 is conse-
quently that following the alloying in of the
aluminium for producing the aluminium- BSF, the
remaining, pure aluminium is not removed and instead
forms a replace- ment for the lower nickel contact.
Thus, much as in the case of solar cell 11 ac- cording
to fig. 1, solar cell 211 can be manufactured
relatively easily. [024] Prior to the application of
the different coatings shown in the drawings, e.g.  



the application of aluminium for the aluminium-BSF,
prior substrate treatments  can take place. Thus, a
silicon wafer can e.g. be textured and/or etched for
opti- mizing the surface and eliminating saw damage.
There is also a phosphorus dop- ing for emitter
formation. There can also be a further method step for
the treat- ment of solar cells, e.g. a toughening. 8
[025] In the case of the inventive solar cells
described, it is possible to use multi- crystalline
silicon material. This was previously impossible,
because on alloying in  with boron higher temperatures
were needed and would have destroyed the multi-
crystalline silicon. For the alloying of aluminium the
temperature can be kept well  below 900C. Thus, within
the scope of the invention, it is also possible to use
multi-crystalline silicon material for the substrate.
Soldering as an electrical termi- nal is also possible
on the exposed silver contacts. 9  CLAIMS Method for
the manufacture of a solar cell (11, 111, 211) with a
BSF  coating, wherein to the back surface (22, 122,
222) of a solar cell  substrate (13, 113, 213), in
particular a silicon substrate, is applied a  BSF
coating (24, 124, 224) through the application of
aluminium or  TCO to the substrate and subsequent
alloying into the substrate (13,  113, 213), the BSF
coating (24, 124, 224) being transparent for light. 2.
Method according to claim 1, wherein aluminium or TCO
is applied to  the substrate (113, 213) in punctiform
manner or in small areas,  wherein advantageously a
local production of several BSF's (124,  224) in
punctiform manner or in small areas is provided, these
points  or small areas being located along straight
lines, which in particular  



have the same spacing and to which subsequently
linear, metallic  contacts (129, 130, 232, 229) are
applied. 3. Method according to claim 1, wherein TCO
or aluminium is applied  linearly to the substrate
(113, 213). 4. Method according to claim 1, wherein
aluminium is applied in a  spread out manner onto the
substrate (13) for a spread out BSF (24),  wherein
advantageously the entire area of one side of the
substrate is  covered. 5. Method according to one of
the preceding claims, wherein aluminium  or TCO is
applied to the substrate (13, 113, 213) by a screen
printing  process. 6. Method according to claims 1 to
4, wherein aluminium or TCO is ap- plied in liquid or
pasty from, preferably in the form of aluminium-
containing liquid or aluminium-containing gel. 10  7.
Method according to claims 1 to 4, wherein the
aluminium or TCO is applied by sputtering, vaporizing,
CVD process or alloying. 8. Method according to one of
the preceding claims, wherein the alloying  of the
aluminium into the substrate (13, 113, 213) or the
substrate sili- con material takes place through
heating which is separate from alu- minium
application. 9. Method according to one of the
preceding claims, wherein following  the alloying step
into the substrate (13, 113) aluminium is removed,
advantageously only aluminium from an aluminium
coating or pure  aluminium, wherein preferably solely
aluminium not alloyed into the  substrate is removed. 



10. Method according to claim 9, wherein all aluminium
not alloyed in or  not alloyed with the silicon
material is removed. 11. Method according to claim 9
or 10, wherein the aluminium is re- moved by etching.
12. Method according to one of the claims 9 to 11,
wherein following alu- minium removal a passivation
takes place and then an antireflection  coating (26,
126, 226) is applied to the rear surface (22, 122,
222) of  substrate (13, 113, 213). 13. Method
according to one of the claims 9 to 12, wherein
following  aluminium removal a p-n junction is
produced by the diffusion of  phosphorus into the
n-silicon of the substrate (13, 113, 213). 14. Method
according to one of the preceding claims, wherein the
alumin- ium is applied on the substrate (13, 113, 213)
in prefabricated struc- tures, in particular in
structures through an antireflection coating (26, 11
126, 226) down to the substrate, in particular by a
screen printing  process without subsequent aluminium
removal. 15. Solar cell (11, 111, 211), wherein it is
made from a substrate (13, 113,  213), which is
treated with a method according to one of the preced-
ing claims. 


