
INSTITUT FOB SOLARENERGIEFORSCHUNG GMBHMunich, II November 2010 Our
reference:1 8270 / RAK Institit for Solarenertheforschung GmbH Am Olirberg
1, 31860 Emmerthal, Germany Method for forming thin semiconductor layer
substrates for manufacturing solar cells TECHNICAL FIELD The invention
relates to a method for forming one or several thin semiconductor layer
substrates on the basis of which solar cells can be manufactured.
Furthermore, the invention relates to a method for manufacturing a solar
cell, in which method one or several thin semiconductor layer substrates
are formed and are further processed to become solar cells. BACKGROUND TO
THE INVENTION 



The manufacture of solar cells requires high-quality economical
semiconductor substrates. Below; both the technological. background. and
possible characteristics and advantages of the invention are described with
reference to the example of forming a semiconductor substrate in the
context of manufacturing a silicon solar cell. It should be pointed out,
however, that the inventive ideas are not to be restricted to the
application of silicon as a semiconductor material; instead, they can
generally-speaking also be transferred to other semiconductor materials.
The semiconductor layer substrates formed can particularly advantageously
be used for manufacturing solar cells because large-seale industrial
manufacture of solar cells requires a large number of semiconductor
substrates and, for example, material savings as a result of  - 2 -
providing thinner substrates can result in considerable reduction in costs.
Conventionally, semiconductor substrates used in th.e manufacture of solar
cells are frequently provided in the form of semiconductor wafers. Most of
the time such wafers comprise a thickness of 100-500 gm and are
conventionally manufactured by sawing a block of semiconductor material,
fix example a silicon monocrystal, into thin slices. In order to be able to
reduce costs in the manufacture of solar cells it may be advantageous to
provide semiconductor substrates of reduced thickness, for example less
than 100 pm and preferably less than 50 urn, In the state of the art,
methods for 'manufacturing solar cells on the basis of crystalline silicon
are known, in Which method at first a porous silicon layer is produced on a
silicon substrate, and subsequently above the porous silicon layer a
further layer of silicon is deposited, for example in an epitaxial manner.
This further layer can subsequently be separated from the silicon
substrate, wherein the previously produced porous layer is used as a
predetermined breaking point. The separated layer can, for example, he made
with a thickness of a few pin and can subsequently be used as a thin-film
substrate for a solar cell, wherein in the subsequent steps significant
components of the solar cell, for example its emitter andlor its contact
metallization, can he formed. 



Such a method is, for example, described in an article by R. Brendel in
Solar Energy, 77, 2004, 969-982 as well as in DE 197 30 975 Al or US 6 645
833, The method makes use of the fact that the silicon thin film applied to
the porous layer preferably grows with the same crystal stnicture as the
silicon substrate that adjoins underneath it. If the silicon substrate is,
for example, a high-quality imanoerystalline wafer, in this manner a
high-quality silicon thin film can be produced which can then be used as
the substrate for solar cells with a high efficiency potential.  - 3 - From
DE 42 02 455 C:1 a method for the manufacture of a solar cell from a
substrate slice is known. In this arrangement a self-supporting
semiconductor layer is detached from a monocrystalline silicon wafer by
means of electrochemical etching. To this effect, with the use of an acidic
fluorine-containing electrolyte, holes are formed in the silicon wafer, and
when the holes have reached a depth that essentially corresponds to the
thickness of the self-supporting semiconductor layer to be formed, process
parameters of etching are changed in such a manner that the self-supporting
semiconductor layer automatically detaches as a result of the holes growing
together. However, it has been observed that in the above-described
conventional methods -for foirning thin semiconductor layer substrates
significant cost and effort need to be expended in order to produce an
individual semiconductor thin film by electrochemically producing a. porous
semiconductor layer and subsequently detaching the semiconductor layer.
Furthermore, it has been shown that handling a thin, self-supporting,
porous semiconductor layer and further processing such a semiconductor
layer in order to finally manufacture a solar cell from it can be
difficult. SUMMARY OF THE INVENTION There may be a need for a method for
forming thin semiconductor layer substrates that can subsequently be used
as substrates in the manufacture of solar cells, as well as for a method
for manufacturing a solar cell, in which methods the above-mentioned
problems are at least in part overcome. In particular, there may be a need
for a method for manufacturing a solar cell, in which method thin,
preferably monocrystalline, semiconductor layers ate produced in a simple
manner as a substrate -for the solar cell, wherein such substrates
preferably should comprise both an adequately high electronic quality and a
surface texture that is, for example, desirable in the context of a surface
of solar cells, and wherein on the basis of such substrates  



- 4 - solar cells can be manufactured in a simple and economical manner,
According to a first aspect of the present invention, a method for forming
one or several thin semiconductor layer substrates for manufacturing solar
cells is proposed. The method comprises the following method-related steps;
(a)providing a semiconductor substrate; (hi) forming an upper macroporous
layer on a partial surface of the semiconductor substrate; (el) forming an
etched-away layer underneath the macroporous layer; wherein The macroporous
layer and the etched-away layer are in each case formed by electrochemical
etching of the partial surface of the semiconductor substrate in an etching
solution; wherein an edge region of the semiconductor substrate, which edge
region encompasses the partial surface at least in part, remains non-etched
in order to form a stabilizing non-porous edge region; 



optionally: (b2)forming a further macmporous layer underneath the
previously-formed etched-away layer; optionally: (e2)forming a further
etched-away layer underneath the pusly-tbrined maeroporous layer; and
(d)subjecting the entire semiconductor substrate, including the macroporous
and etched- away layers fbrined therein, to at least one
fluid-method-related step in which a fluid acts on the semiconductor
substrate surface; (el) mechanically separating the upper maeroporous layer
from the semiconductor substrate, wherein a mechanical connection between
the macropormis layer and the non-porous edge region is interrupted; and
optionally: (e2)mechanically separating the further macroporous layer from
the 



semiconductor substrate, preferably after the upper macroporous layer has
been separated from the semiconductor substrate.  - 5 - In this process the
optional steps (b2), 'c2(e2) can be repeated multiple times. present
invention can be considered to be based on the following idea. In a
semiconductor substrate, for example a wafer comprising silicon or some
other semiconductor material, successively and altematingly, macroporous
layers and etched-away layers can be formed by electrochemical etching. To
this effect a partial surface of the semiconductor substrate can be
subjected to an etching solution which comprises, for example, hydrofluoric
acid. The etching solution successively etches into the semiconductor
substrate. Depending on the selection or corresponding influencing
parameters such as, for example, an applied voltage or illumination of the
semiconductor substrate, as a. result of the etching process, layers of
different porosity are produced. In order to produce the macroporous
layer(s) the influencing parameters can be selected such that a layer of
relatively little porosity, for example of less than 40 %, is produced.
Subsequently the influencing parameters are changed in such a manner that
an etched-away layer arises, i.e. a layer in which the pores arising as a
result of etching merge, so that a "porosity" of 100 %, i.e. a layer in
which the semiconductor material has been completely etched away, results.
Following etching of the etched-away layer the influencing parameters can
again be correspondingly changed in order to produce a further macroporous
layer underneath the etched-away layer, etc. In this manner a stack
comprising a layer sequence of macroporous layers and adjacent macroporous
layers of separating etched-away layers can be produced. To prevent the
adjacent macroporous layers from separating from each other or from the
substrate already during the etching process, it is possible, for example,
not to subject the entire surface of the semiconductor substrate to the
etching solution, but instead only one or several partial surfaces. In an
edge region of the semiconductor substrate, which edge region adjoins these
partial surfaces, said semiconductor substrate is, for example, protected
from the  



- 6 - etching solution so that the edge region remains non-etched, thus
having no porosity. As an alternative, etching in the edge region can also
be prevented in that said edge region during the etching process is in a
targeted manner not illuminated. The non-etched edge region can fully or
partly enclose the etched partial surface in the manner of a frame, and.
can, for example, comprise a width of 03 to 5 num. Therefore, both during
etching and during subsequent method-related steps, the edge region can
hold and stabilize the macroporous layers that are in mechanical connection
with it. The macroporous layers held together by the edge region can
subsequently altogether be subjected to further method-related steps. in
this process the thet. that at this process stage the macroporous layers
are still all held by the non-etched edge and are thus stabilized, can be
utilized, which can considerably facilitate handling. For example, in one
or several shared fluid-method-related step or steps, the characteristic
that. a fluid of adequately low viscosity can penetrate all the porous
layers and can thus reach the entire surface of all the porous layers can
be utilized. For example, by means of hot gases one or several dielectric
layers can be produced on the surface of the maeroporous layers, and thus
the surface can be effectively passivated. As an alternative, in a single
method-related step, by means of the inflow of hot gases charged with
doping agents a doped layer, for example in the fotm of an emitter, can be
produced along the entire surface of all the porous layers. Subsequently,
the individual macroporous layers can be mechanically separated, preferably
successively, from the semiconductor substrate in that a mechanical
connection between the macroporous layer and the non-porous edge region is
interrupted. in each case, prior to detaching an uppermost macroporous
layer, an additional method-related step can be carried out in which
process parameters are selected in such a manner that only the external
surface of the topmost macroporous layer is treated, but not the pores or
the opposite surface. In this manner individual macroporous layers can
treated on one side. For example, a metal layer used for electrical
contacting can be applied on one side,  - 7 - By means of the described
method, with simple processing steps that involve only little processing
effort and that if needed can be repeated multiple times, preferably a
multitude of thin semiconductor layer substrates can be produced from
originally one single semiconductor substrate. Each individual one of these
semiconductor layer substrates can comprise one of the macroporous layers.
Such semiconductor layer substrates can, in particular because of the
porosity of these layers, comprise desired surface texturing without this
necessitating additional process steps. In this arrangement the quality of
the semiconductor material essentially corresponds to the quality of the
seariconductor substrate used as a source 



material, i.e. if a high-quality semiconductor substrate, for example in
the form of a monocrystalline silicon wafer, is used, the produced
semiconductor layer substrates, too, will be of a high material quality and
in particular will compiise a monocrystalline structure. Possible
characteristics and advantages of embodiments of the method according to
the invention are described in more detail below: The semiconductor
substrate provided (process step (a)) can be a substrate comprising any
semiconductor material, for example silicon (Si), getmartian) (Ge), gallium
arsenide (GaAs), etc, The semiconductor substrate can be provided in the
form of a wafer and can comprise a substantial thickness of several 100
)1m. in particular, semiconductor substrates comprising a semiconductor
material of high electronic quality, for example a monocrystalline silicon
wafer, are preferred. As will be explained in detail later, it has been
shown that the method can be advantageously implemented in particular on
semiconductor substrates of the n-type semiconductor. Subsequently, a
rnacroporous layer and an etched-away layer or, as an alternative, in a
multiple alternating manner, macroporous and etched-away layers are etched
(process steps (bl, b2, ...) and (cl, c2, ...)) into the semiconductor
substrate. Preferably, this process starts  With the formation of an upper
macroporous layer on. a surface of the semiconductor substrate, and
subsequently underneath this macroporous layer an etched-away layer is
etched in. It should be pointed out that the terms "above" and "underneath"
are not to be interpreted as being limiting, and in particular that they do
not describe any geometric direction but rather sequence of forming the
individual porous layers, wherein it is assumed that the porous or
etched-away layers are successively incorporated into the substrate from
top to bottom. During actual processing, the direction of etching can
definitely he different from this, for example from the bottom to the top,
or li-om left to right. 



The macroporous layers comprise a porosity of less than 60%, more
preferably of less than 30%, and further preferably of less than 10%. In
this arrangement the term "porosity of a layer" refers to a ratio of the
added-up volume of all the pores within a layer to form an overall volume
of the layer. In other words, the porosity of a. layer is all the greater
-the more pores there are contained therein and the greater the pores are.
An etched-away layer can comprise a porosity of essentially 100%. The
porous layers are produced in the semiconductor substrate by
electrochemical etching, for example in that a partial surface of the
semiconductor substrate is brought into contact with an etching solution,
and simultaneously an electrical voltage is applied between the substrate
surface and the etching solution. In other words, the surface of the
semiconductor substrate and. the etching solution are on different
electrical potentials. With suitable polarity of the applied voltage an
electrochemical reaction can occur that can result in etching of the
substrate surface, in particular locally on nucleation centers. During the
electrochemical reaction local oxidizing of the substrate surface and
quasi-simultaneous etching-away of the oxidized substrate surface by the
wetting etching solution can result. Since, generally-speaking, this
process does not take place in a homogeneous manner, but concentrates on  -
9 - clusters, inhornogeneous etching of the substrate surface may occur, in
which etching the channels are etched into the substrate largely
perpendicularly to the substrate surface, and consequently a porous layer
can be formed. In the production of the first macroporous layer a
nucleation phase may be necessary for forming etching seeds, for example in
that etching seeds are photolithographically predefined. During etching of
a subsequent macroporous layer, seeds can already be present on the surface
as a result of the last etching process, and consequently the formation of
etching seeds can be saved in subsequent etching processes. It has been
observed that a strength of the eleetrochemical etching process can, in
particular, depend on the number of positive charge carriers (also referred
to as "holes" or vacant states in the valence band of the semiconductor
material) which are available on the substrate surface. In the ease of
p-type-semiconductor substrates the holes are the majority charge carriers,
and the etching activity during electrochemical etching depends
predominantly on the fluorine ion concentration available from the etching
solution, and on the electrical voltage applied. In contrast to the above,
in the ease of an n-type-semiconductor substrate the holes are the minority
charge carriers. In the case of such an n-type substrate the quantity of
holes available for an electrochemical etching process can be strongly
influenced by the illumination of the semiconductor substrate and the
associated generation of charge carrier pairs (electrons and holes). In
other words, in electrochemical etching of porous layers in 11-type
substrates, apart from being controlled by the electrical voltage applied,
the porosity can be significantly controlled by the intensity of the
illumination that takes place concurrently. It has been observed that in
the case of n-type substrates it can be necessary to illuminate
concurrently with the etching process in order to be able to produce porous
layers comprising macroporous stmeture. 



- 10 - influence electrochemical etching can thus alternately be set such
that the formation of a macroporous layer and the formation of an
etched-away layer occur. For example, in an n-type-semiconductor substrate,
by illumination at low light intensity a low etching current and thus low
porosity are caused, and consequently only small pores are formed, whereas
for the subsequent formation of the etched-away layer the semiconductor
substrate is illuminated at a higher light intensity, and consequently
greater porosity and thus the formation of larger pores occur, which pores
finally merge, thus forming the etched-away Layer. Since the pores, for
example in a silicon wafer of the 100-crystal direction, always preferably
form perpendicularly to the surface of the semiconductor substrate, in this
manner a sequence of alternately formed macroporous layers and etched-away
layers can be produced. However, in the context of the invention it is not
significant for the pore formation to take place perpendicularly to the
wafer surface. Preferably, during electrochemical etching, influencing
parameters that influence the intensity and speed of the electrochemical
etching process, for example a voltage applied between the semiconductor
substrate and the etching solution, an illumination of the semiconductor
substrate, a semiconductor type, and a doping concentration within the
semiconductor substrate, a concentration of etching substances, for example
hydrofluoric acid (IIF) wnhin the etching solution, and/or a temperature of
the etching solution, are selected in such a Manlier that the macroporous
layer is formed so as to comprise a macroporous structure. According to
IUPAC (International Union of Pure and Applied Chemistry), the term
"macroporous structure" refers to a layer with an average pore size of more
than 50 inn In the production of solar cells it can be advantageous to form
the macroporous substrates with pores whose size ranges from l pm to 5pm.
When compared to a mesoporous structure of the same porosity, a coarse
maeroporous structure in the macroporous layer can provide the advantage of
a smaller surface and thus of a lower surface recombination.  Preferably, a
wetting agent is added to the etching solution. This wetting agent can make
it possible for the actual etching substances of the etching solution to
evenly wet the surface of the semiconductor substrate during the etching
process. This can, in particular, be advantageous in the extensive channels
within the porous layers. It has also been observed that some wetting
agents can reduce the viscosity of the etching solution, thus facilitating
penetration or circulation of etching solution in already previously etched
porous layers. Furthermore, as a result of the wetting agent, gas bubbles
that can form during the etching process can easily detach from the surface
of the semiconductor substrate. For example ethanol (C21-160) or acetic
acid (CII211402) can be used as a wetting agent. Preferably, during
electrochemical etching of the several porous layers, influencing
parameters can be adjusted in such a manner that the pore structure and/or
the layer thickness of the successively formud macroporous layers
essentially remain/remains identical. Since the composition of the etching
solution can change in the course of the etching process, and since, in
particular, the circulation of etching solution within pores of already
etched porous layers can be limited, and thus the exchange of etching
solution deeper in the interior of already etched porous layers can be
limited, during the successive formation of the different porous layers it
may be necessary to adjust the etching parameters, in particular the
intensity of illumination of the substrate, during etching in such a manner
that the etching rates and thus the resulting etching structures remain
essentially unchanged. In this way it can be ensured that the macroporous
layers, which later on after mechanical separation are to form the desired
thin semiconductor layer substrates, all comprise  essentially identical
mechanical and electronic characteristics. 



Taking into account the etching rate set at the time, the duration of e
etching process is preferably selected in such a manner that the
ntacroporous layers are formed with a layer thickness of 5 - 100 pm,
preferably 10 - 30 pm, whereas the self-supporting layers are only formed
with a thickness of 0.5 pm -20 pm, preferably I pm -5 jun.   Apart from the
possibility of being able to obtain a multitude of thin semiconductor layer
substrates in the form of successively separated maeroporous layers from a
single semiconductor substrate and by means of a contiguous electrochemical
etching process with varying etching parameters, the proposed method also
makes it possible, prior to mechanical separation of the individual
macroporous layers, to subject the multitude of maeroporous layers to a
common method-related step. In this process it can, in particular, he of
interest to subject the already formed porous layers to one or several
fluid-method-related steps prior to the mechanical separation of said
layers. In this context the term "fluid-method-related step" refers to a
method-related step in which a fluid, for example a gas or a liquid, can
act on the surface of the semiconductor substrate, in other words, in
particular, can act on the outside and on the inside surfaces of the porous
layers. By means of such a fluid-method-related. step, for example, the
entire surface of the porous layers can be coated with an additional layer.
For example, in such a fluid-method-related step a dielectric layer can be
formed on the surfaces of the niacroporous layers and of the etched-away
layers. The dielectric layer can, in particular, be used. for passivation
of the surfaces. In a concrete embodiment the semiconductor substrate with
the rnacroporous and etched-away layers that have previously formed therein
can be subjected to a high-temperature process step in which at
temperatures of above 450 C, preferably of above 700 'C, for example in an.
oxygen-containing atmosphere a silicon dioxide layer (SiGi) homogeneously
grows on the surfaces of the porous layers. Such a silicon dioxide layer
can already at thin layer thicknesses of less than 10 rim result in
effective surface passivation of the porous layers.  - 13 - deposited. An
aluminum oxide la.er can, for example, be deposited by means of an atomic
layer deposition method (Aid) method) at deposition temperatures of below
500 "C, preferably below 250 'C. As a further alterative, in the context of
a gas phase diffusion step a layer in the vicinity of the surface can be
doped with dopants, for example phosphorus or boron. 



In a further embodiment of the method according to the invention,
preferably in each case prior to releasing one or several macroporous
layers from the frame-like edge region, a thin layer is applied only to
parts that lie on the outside of the respectively uppermost .macroporous
layer by means of a gas deposition process such as, for example, a plasma
deposition process andlor a sputter depositing process. For example, a thin
aluminum layer that can serve as a metal contact for a solar cell can be
deposited in a sputter depositing process, or a thin silicon nitride layer,
which can be used as a barrier during a subsequent diffusion or a
wet-chemical process, can be deposited by means of a plasma deposition
process, for example plasma enhanced chemical vapor deposition (PECVD).
Both in the case of plasma deposition processes and in the ease of sputter
depositing processes, particles from a gas phase can be deposited on a
surface to be coated. One difficulty in the coating of porous layers can
consist of the layers being perforated by the pores. Since, as a rule,
solar cells are to be processed only rarely on both sides, but often only
on one side, in this case it must be ensured that the other side of the
cell in fact remains unprocessed. In order to achieve this, during the gas
deposition process an adequately low gas pressure can be selected so that
depositing a thin layer on interior surfaces of the porous semiconductor
layer substrate is largely prevented. In other words, a gas pressure can be
selected that is low enough for the free paths of particles within the gas
to be sufficiently large for the particles essentially no longer to be able
to enter the pores of the porous layer, and consequently only,- coating of
the outer regions of the porous layer occurs, while interior regions of the
porous layer remain, however, largely uncoated. As an alternative,
treatment  - 14 - vitith a viscous flind that cannot enter the pores can
take place. The porous layer is then treated only on one side. In order to
mechanically separate a maeroporous layer situated on the outside from the
semiconductor substrate, for example a mechanical force can be exerted
directly on the maeroporous layer. For example, the maeroporous layer can
be gripped with the use of a vacuum suction device, and by a suitable
movement of the vacuum suction device relative to the semiconductor
substrate can be broken off from the semiconductor substrate. in this
process the geometry of the vacuum suction device and the movement of the
vacuum suction device can be adjusted in such a manner that the macroporous
layer breaks at a junction to the stabilizing, non-etched, edge region. In
this manner, the previously produced maeroporous layers, stacked on top of
each other, can, successively and each one individually, be gripped by the
vacuum suction device, can be broken off, and can be fed to subsequent
processing steps. In order to support separation, from the semiconductor
substrate, of a maeroporous layer situated on the outside, in a
circumferential region of the macroperous layer a. trench can he formed.
The trench can, for example, be produced by means of a laser or a
mechanical chip saw. The depth of the trench can approximately correspond.
to the thickness of the macroporous layer to be separated, or the depth can
be less than said thickness so that the 3T1 acroporous layer can be
removed, in a controlled mariner. The trench can be fanned in an 



entire circumferential region or in parts of a circumferential region of
the maeroporous layer, Le., for example, where the macroporous layer
laterally borders the adjoining stabilizing edge region. As an alternative,
a maeroporous layer, which is situated on the outside, can be mechanically
separated from the semiconductor substrate in that a carrier substrate is
made to adhere to the macro:porous layer that: is situated on the outside,
and the carrier substrate with the  - 15 - macroporous layer situated on
the outside, which macroporous layer adheres to said carrier substrate, is
then torn from the semiconductor substrate For this purpose a method as is,
for example, used in module encapsulation can be used, or a sol-gel method
can be used. Preferably a flexible foil, -for example an aluminum foil, can
be used as a carrier substrate. The foil, together with the outer
maeroporous layer adhering to it, can then be torn from the underlying
layer by an unrolling pulling action. In this manner the mechanical stress
can be concentrated in the respective uppermost maeroporous layer that
adheres to the foil, and in the adjoining highly-porous layer, and layered
detachment of the macroporous layers can be facilitated. Adhesively
applying the flexible foil can take place, for example, by heating in an
oven or by laser irradiation. After the heating process the silicon can be
doped with atoms from the foil, and consequently it is possible to combine
the manufacture of the pn-junction with adhesively applying the foil.
According to a further aspect of the present invention, a method for
manufacturing a solar cell is proposed. Apart from possible further process
steps, the method comprises the following process steps: (i) forming a thin
semiconductor substrate by means of the method described above; (ii)
forming doped regions in the semiconductor layer substrate; and WO forming
electrical contacts on surface regions of the semiconductor layer
substrate. It should be noted that the embodiments,characteristics and
advantages of the invention have been described in part with eference to
the method for forming thin semiconductor layer substrates, as can be used
in a. manufacturing process for solar cells, and in part with reference to
the method according to the -invention for manufacturing a solar cell, and
partly also with reference to the manufactured semiconductor thin-film
substrates or solar cells. The average person skilled in the art will
recognize that -the characteristics of the various embodiments can be
combined among each other at will, and that -the described method-related
characteristics can require corresponding structural characteristics in the
manufactured semiconductor thin- 



- 16 - film substrates or semiconductor devices or vice versa. BRIEF
DESCRIPTION OF THE DRAWINGS Farther possible characteristics and advantages
of the present invention will be evident to the average person skilled in
the art from the following description of exemplary embodiments, which are,
however, not to be interpreted as limiting the invention; and with
reference to the aCCOM.panying drawings. Fig. I shows an arrangement by
means of which the method for forming semiconductor thin-film substrates
according to one embodiment of the invention can be implemented. Fig. 2
shows an alternative arrangement by means of which the method for forming
semiconductor thin-film substrates according to one embodiment of the
invention can be implemented, Fig, 3 shows a sequence of steps of a method
for forming semiconductor thin-film substrates according to one embodiment
of the invention. 



Fig. 4 shows a diagrammatic top view of a semiconductor substrate in which
a macroporous layer encompassed by an edge region has been produced by
means of a method according to one embodiment of the present invention.
Fig, 5 shows an electron microscope image of a porous silicon layer
structure that can be produced with a method according to one embodiment of
the invention, and in which structure the individual layers are separated
from each other by intermediate ekted-away layers,  - 17 - Fig. 6 shows an
enlarged electron microscope image of a silicon layer substrate that wa
formed by means of a method according to one embodiment of the invention.
The drawings are merely diagrammatic and are not to scale. Same reference
characters in the figures refer to identical or similar elements. DETAILED
DESCRIPTION OF PREFERRED E. AA. At first, with reference to Figs 1 and 2,
devices are presented by means of which devices embodiments of the method
according to the invention for forming semiconductor thin-film substrates
can be implemented. 



In the device shown in Fig, 1, a semiconductor substrate 1 rests
horizontally on an electrode 9. The electrode 9 comprises an acrylic glass
plate above which thin platinum wires have been tensioned. Thus the
electrode 9 is largely transparent. A vessel 15 that is open at the top
arid at the bottom comprises a 1-5% hydrofluoric acid-etching solution 7.
As a result of a sealing 0- ring 17 arranged between the bottom of the
vessel 15 and the semiconductor substrate I, any leaking out of etching
solution 7 is prevented. Furthermore, the 0-ring 17 prevents etching
solution 7 from coining into contact with an edge region 3 of the
semiconductor substrate. A second electrode 11 is immersed in the etching
solution 7. The two electrodes 9, 11 are connected to a control device 13,
wherein the control device 13 can vary a voltage that is present between
the electrodes 9, 11. Underneath the vessel 15 a lamp 19 is arranged in
order        Mate from the back the semiconductor substrate 1 through the
largely transparent first electrode 9. The lamp 19 is also connected to the
control device 13, Wherein the control device 13 is designed to vary the
brightness or the intensity of the radiated light of the lamp 19.  - 18 -
contained in a vessel 1 5. A semiconductor substrate I rests vertically
against a first electrode 9. Both the first electrode 9 and. a second
platinum electrode 11 are immersed in the etching solution?. Both
electrodes 9, 11 are connected to a voltage-supplying control device 13. A
tunnel 21 is used to homogenize the electrical field extending between the
two electrodes 9, 11. A lamp 19 is used for illuminating the semiconductor
substrate 1 from the back through the largely transparent first electrode
9, with the brightness of said lamp 19 being able to be varied by means of
the control device 13. An edge region 3 of the semiconductor substrate 1
has been protected by a varnish layer S prior to immersion in the etching
solution 7, and in this mariner the etching solution 7 is prevented from
establishing contact with the edge region With reference to Fig. 3,
method-related steps (a) to (e) of a method for forming thin semileouductor
layer substrates according to one embodiment of the invention are to be
described. In this arrangement in each case the left-hand side shows a
diagrammatic view of the current state of the semiconductor substrate 1
used, while the right-hand side shows a chronological sequence of the
intensity of the light radiated by the lamp 19 onto the semiconductor
substrate I. It should be noted that, because of the radiated-in light,
positive charge carriers, in other words "holes", are produced in the
n-conducting silicon wafer used as a semiconductor substrate I. The more
holes there are available in the semiconductor substrate, the greater the
etching current can be that flows through the semiconductor substrate I.,
which etching current flows due to the voltage applied between the two
electrodes 9, 11. The provided radiated-in light intensity 1 is a direct
measure of the currently flowing etching current and thus of the currently
etched poi-osity, which is set by the etching solution? in the region near
the surface of the semiconductor substrate 1, 



- 19 - semiconductor substrate 1 is shown, which region is wetted by the
etching solution?, and which region adjoins the edge region $ that is not
to be etched. In this arrangement the edge region 3 is protected, by a
protective layer 5, from the etching solution 7. In a first step (a) a
semiconductor substrate 1 in the form of art rt-type-silicon wafer of the
crystal direction 100 is provided, and on a partial surface of its upper
surface is made to contact the etching solution 7. Since so far no light
from the lamp 19 has yet been radiated-in onto the wafer 1, the etching
current between the &Ie.:Lodes 9, ii and thus the etching intensity is at
first negligible. In step (b) at the point in time tt the lamp is switched
on and at first is kept at low light intensity for between approximately I
and 60 minutes. During this phase a low etching current with a typical
current density ranging from 1 to 10 mAkin2 arises. 'the voltage applied
between the electrodes 9, 11 ranges from 0.5 to 5 V. In this arrangement
the etching process commences at the surface of the semiconductor substrate
1, which surface is in contact with the etching solution 7, in regions that
were either defined beforehand, for example by means of photolithography,
in that adjacent regions were protected by means of an etching-barrier
layer, or in which regions natural seeds exist on the substrate surface 1.
Because of the hitherto only low etching current, during this etching phase
narrow channels 31 at a diameter of approximately 0.5 to 5 Rm are etched
into the substrate surface. The channels extend largely perpendicularly to
the surface of the substrate 1. As a result of etching-in the narrow
channels 31, a first, upper, inacroporous layer 33 is generated. The time
span during which the illumination and thus the etching current are kept so
low is selected in such a rammer that the thickness of the produced
macroporous layer 33 corresponds to a desired thickness of a semiconductor
layer substrate to be formed. Typical aimed-at thicknesses range from 10 to
50 pm. Typical etching durations for this are Ito 60 min, for example 10 to
60 mitt  - 20 - 



In this arrangement the light intensity can he increased, abruptly or
successively, over a period of time of a few minutes, wherein by means of
the type of the increase a resulting surface structure of the produced
porous layer can be influenced. Because of the increased number of
available generated charge carriers in the semiconductor substrate 1 a
higher etching current: and thus an increased rate of etching occur. It has
been shown that in such an increased rate of etching the etching process no
longer progresses primarily perpendicularly to the surface of the substrate
1, but also across it. Therefore the diameter of the etched-in channels
increases to such an extent that adjacent channels or pores merge. An
etched-away layer 35 is formed. In this etched-away layer 35 no
semiconductor material remains in the regions between adjacent etched
channels. Thus, the etched-away layer 35 separates the macroporous layer 33
situated above from the substrate 1 that remains below it, and consequently
the macroporous layer 33 is self-supporting and connected to the substrate
1 only by way of the edge region 3. In a further method-related. step (d)
the illumination intensity is reduced anew so tha again thinner channels
form, and a timber macroporous layer 37 arises. Subsequently, in a
method-related step (e) the illumination intensity can again be increased,
and. a. further etched-away layer 39 can he formed. The method-related
steps (d) and (e) can be repeated multiple times so that a layer sequence
of macroporous layers and. adjoining etched-away layers results. Since the
circulation of etching solution in the narrow channels of the porous layers
can be impaired with increased depth. of the channels, and thus the rates
of etching can be reduced, corresponding measures can be taken to provide
also the macroporous and etched-away layers situated deeper down with a
similar structure and thickness to the layers situated further up. For
example, a wetting agent can be added to the etching solution, the light
intensity or the  etching durations can be correspondingly adjusted, or the
concentration of the etching solution used can be varied. After the desired
structure of several adjoining macroporous layers and etched-away layers in
the semiconductor substrate has been formcd, said semiconductor substrate
is removed from the etching solution, is rinsed and cleaned in de-ionized
water, and is subsequently dried. In this arrangement the fact that the
several self-supporting macroporous layers stacked on top of each other are
all connected to the non-etched edge region 3 and are mechanically
stabilized by said edge region 3 is used to advantage. The stack of
macroporous layers can thus together with the remaining non-etched
semiconductor substrate be thither processed in a simple manner as an
entity. 



For example, in a shared fluid-method-related step (f) the entire
semiconductor substrate, including the layer structures etched into it, can
be subjected to a high-temperature step in Which the semiconductor
substrate is exposed to an oxygen-containing gas atmosphere at high
temperatures of more than 450 C. At these high temperatures the surface of
the silicon substrate is oxidized, and a thin silicon dioxide layer 45
(SiO2) forms. Since the hot oxygen-containing gas can without any problems
also penetrate into the voids of the porous or etched-away layers 33, 35,
37, 39, the entire surface of the porous layers is covered by a thin oxide
layer 45 with a thickness of a few mu, The -thin oxide layer can act as
surface passivation. The surface of the porous or etched-away layers 33,
35, 37, 39, which surface is greatly increased because of the porous
structure, is thus well-protected against recombination, which would
otherwise occur more frequently in that location. Investigations have shown
that silicon substrates in which a porous layer has been surface-passivated
in this m:mner comprise similarly high charge-carrier life times and thus a
similarly high electronic quality as does the mortocrystalline silicon
wafer material that is used as the source material.  - 22 - be earned out.
In each ease advantage can he taken of the fact that on the one hand the
hitherto not yet mechanically subdivided stack of maempomus layers 33, 37
and etched-away layers 35, 39 situated in-between can in a simple manner be
handled as an entity, and in. that, on the other hand, the fluid can in a
simple manner penetrate into the entire porous structure, and thus all the
maeroporous layers stacked on top of each other can be treated in a similar
manner. Alternative fluid-method-related steps can., for example, comprise
gas phase diffusion, atomic layer deposition, or wet-chemical treatment.
Since the fluid-method-related step can jointly be implemented concurrently
on. a. multitude of porous layers formed on the semiconductor substrate,
and these layers can subsequently, in the state pre-processed by the
fluid-method-related step, be further processed to become finished solar
cells, by means of the method proposed in the present document the
throughput in the manufacture of solar cells can be significantly improved.
In a subsequent method-related step (.0 the individual macroporouts layers
33, 37 are then, preferably successively, mechanically separated from the
semiconductor substrate 1. To this effect it is possible, for example, to
adhesively apply a carrier substrate 41 to an uppermost macroporous layer
33. The carrier substrate 41 together with the tiacroporous layer 33
adhesively applied thereto can then be subjected to a mechanical force so
that the macroporous layer 33 breaks in a circumferential region. 43 near
the edge region 3, and thus can be detached from the semiconductor
substrate 1. The carrier substrate 41 can be selected in such a manner, for
example as a transparent glass plate, that it can also during subsequent
method-related steps, or during subsequent use of the macroporous layer as
a solar cell, continue to be used as a carrier substrate. As an
alternative, in a subsequent method-related step the carrier substrate 41
can be detached again from the macroporous layer 33. The method-related
step (g) of separating the topmost macroporous layer can be repeated
multiple times until all the previously produced macroporous layers 33, 37
have been  



_ separated from the semiconductor substrate I. Fig. 4 diagrammatically
shows a top view of a semiconductor substrate I in which a. macroporous
layer 33 has been etched into a frame-like edge region 3, which remains
non-etched. In order to be able to subsequently remove the macroporous
layer 33 a trench 47 is made in the vicinity of the edge region 3 by means
of a laser or a chip saw. The depth of the trench 47 approximately
corresponds to the thickness of the macroporous layer 33, so that the
latter can subsequently be separated from the semiconductor substrate 1
without any problems. Fig. 5 shows an electron microscope image of a
silicon substrate on whose surtbee several macroporous layers 33, 37 that
are situated. on top of each other, and in each case etched-away layers 35,
39 that are arranged between adjacent macroporous layers, are evident. The
figure shows an oblique top view of a break of a macroporous sample with
regularly arranged pores, wherein, prior to etching, on one surface of a
silicon wafer that serves as a starting substrate, a chessboard-like
pattern has been defined by means of photolithography. Fig, 6 shows an
electron microscope image of an individual, detached, nacroporous layer 33
as can subsequently be used as a semiconductor layer substrate for further
.proccssing to form a thin solar cell. The macroporous structure with pores
at a magnitude of a few pin is clearly shown, At the same time, because of
the distributed pores, the surface of the macroporous layer comprises a
certain surface texture which if used as a substrate for a solar cell can
cause a desired reduction in reflection loss. Because of the nature of the
manufacturing method, this surface texture is automatically generated in
the formation of the macroporous layer; it does not require any additional
method-related steps,  24 - 



There are many process variants for manutheturing solar cells from
previously surface-treated semiconductor layer substrates within the
framework of a fluid-method-related step. Among other things the precise
process can depend on the nature of the surface treatment. If the surface
treatment is a phosphorus diffusion in the surface of an n-type macroporous
silicon semiconductor layer substrate, then, for manufacturing a. solar
cell, one of the two sides at least locally also requires a p-type contact,
which advantageously overcompensates for the phosphorus diffusion
underneath the contact. This can take place by means of aluminum, applied
either locally or across an extensive area, preferably in combinatio
detachment of the individual layers. The phosphorus diffusion can be
contacted by means of a conductive transparent oxide or by means of a
metal. If the surface treatment comprises depositing an Al:Di-layer, then,
as a result of electrical charges integrated in the Al203-layer, a
rent-collecting induced pn-junction arises that can he contacted by means
of a tunnel contact or by means of local p-type diffusion, in this case on
one of the two sides a contact to the n-type maeroporous silicon is yet to
be produced. This can take place, for example, by laser doping an n-type
layer onto parts of one side. Single-side processing of macroporous layers
is associated with. a. basic problem in that the pores harbor a risk of the
processes reaching through the pores, thus always acting on both sides of
the macroporous layer. However, because a solar cell has to be a
non-symmetrical component which comprises, for example, p-type and ti-type
regions, processes that have a single-sided effect will always be required.
In order to make possible single-sided processes in a targeted manner,
preferably prior to removing the surface-treated macroporous semiconductor
layer substrates from the frame-like edge region a deposition process can
he used that. takes place at low pressure of for example,  - 25 - less than
100 Pa, 'The deposition pressure prevents deposition in thedepth of the
pores and on the rear of the imacroporous layer situated on the outside,
Irt this manner single-sided processing of porous layers becomes possible,
which is useful in the manufacture of solar cells from surfitce-treated
layers. 



Deposition of an aluminum layer is one such imaginable process. The
aforesaid deposition, at high temperature in the so-called fire step,
generates a p-type region that can be used as an emitter. In addition, the
aluminum layer at the top of the topmost porous layer mechanically
stabilizes said aluminum layer, which facilitates homogeneous detachment of
large layers. As an alternative, the aluminum layer can also be applied by
way of a screen printing process; wherein the subsequent process steps do
not change as a result of this As an alternative, single-sided processing
is also possible as a result of applying viscous coating compounds or
viscous etching solutions that are too viscous to penetrate the pores. This
can arise on a layer-by-layer basis, in each case prior to removing the
layers from the frame. Finally it should be pointed out that terms such as
"comprising" etc. do not exclude the presence of further elements. Nor do
the terms "a" or "one" exclude the presence of a multitude of objects.
Reference characters in the claims are only provided for improved
readability; they are not to be interpreted as limiting the scope of the
claims in any way.  - '6 -  usT or 'Rat:RE:NCB CHARACTERS :illatt011atkitOr
:iSt:111/ 
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Claims I. A method for form1ng at least one thin semiconductor layer
substrate -for manufacturing solar cells, wherein the method comprises: (a)
providing a semiconductor substrate (1); (hi) forming an upper macroporous
layer (33) on a partial surface of the semiconductor substrate (1); (el)
forming an etched-away layer (35) underneath the macroporous layer (33);
wherein the macroporous layer (33) and the etched-away layer (35) are in
each case founed by electrochemical etching of the partial surface of the.
semiconductor substrate (I) in an etching solution (7); wherein an edge
region of the semiconductor substrate (1), which edge region encompasses
the partial surface at least in part, remains non-etched in order to form a
stabilizing non-porous edge region (3); 



(d) subjecting the entire semiconductor substrate (1), including the
macroporous and etched-away layers (33, 35) formed therein, to at least one
fluid-method-related step in which a fluid acts on the semiconductor
substrate surface; (el) mechanically separating the upper macroporous layer
(33) from the semiconductor substrate (1), wherein a mechanical connection
between the macroporous layer (33) and the non-porous edge region (3) is
interrupted. 2. The method according to claim 1, further comprising: (b2)
tbnning a further inacroporous layer (37) underneath the previously-formed
etched-away layer (35);        ning a further etched-away layer (39)
underneath the previously-formed macroporous layer (37), wherein the
further macroporous layerhe further etched-away layer (39) are in  each
case formed by electrochemical etching of the partial surface of the
semiconductor substrate (I) in an etching solution (7); 



(e2) mechanical separation of the -further macroporous layer ($7) from the
semiconductor substrate (1), preferably after the upper macroporous layer
(33) has been separated from the semiconductor substrate (1). 3. The method
according to claim 2, wherein the method-related steps (b2) and (c2) are
repealed multiple times. 4. The method according to one of claims 2 or 3,
wherein the entire semiconductor substrate (1), including several
naaeroporous and etched-away layers (33, 35, 37, 39) formed -therein, prior
to the method-related step (c) is subjected to the fluid-method-related
step in. which a fluid acts on the semiconductor substrate surface. 5. The
method according to any one of claims I to 4, wherein in the
fluid-method-related step the entire semiconductor substrate (1), including
macreporous and etched-away layers (33, 35, 37, 39) formed therein, is
subjected to an oxygen-containing atmosphere in a high-temperature step at
a temperature of at least 450 'C. The method according to any one of claims
1 to 5, wherein in the fluid-method-related step the entire semiconductor
substrate (1), including macroporous and etch. .ed-away layers (33, 35, 37,
39) lined therein, is subjected to atomic layer deposition for the
deposition of an aluminum oxide layer at a temperature of below 500 'C. 1
The method according to any one of claims 1 to 6, wherein in the
fluid-method-related step the entire semiconductor substrate (1), including
macroporous and etched-away layers (3.3, 35, 37, 39) formed therein, is
subjected to a high-temperature step in a dopant-  containing atmosphere at
a temperature of at least 700 'C. 



8. The method according to any one of claims I to 7, wherein during
electrochemical etching of the several macroporous and etched-away layers
(33, 35, 37, 39) influencing parameters can be adjusted in such a manner
that the pore structure and the layer thickness of the successively formed
macroporous layers essentially remain identical. 9. The method according to
any one of claims I to 8, wherein a thin layer (53) is formed on outside
regions of a macroporous layer by a gas deposition process, wherein gas
pressure is selected to be adequately low so that depositing a thin layer
(53) on interior surfaces of the porous semiconductor layer substrate is
largely prevented. 10. The method according to any one of claims I to 9,
wherein order to support separation of a maeroporous layer (33, 37), which
is situated on the outside, from the semiconductor substrate a trench (47)
is formed in a circumferential region (43) of the macroporous layer (33,
37). 11. The method according to any one of claims Ito 10, wherein a
macropt us layer (33, 37), which is situated on the outside, is
mechanically separated from the semiconductor substrate in that a carrier
substrate (41) is made to adhere to the macroporous layer that is situated
on the outside, and the carrier substrate with the macroporous layer
situated on the outside, Which macroporous layer adheres to said carrier
substrate, is then torn from the semiconductor substrate. The method for
manutheturing a solar cell, comprising:  forming a thin semiconductor layer
substrate (33, 37) by means of a method acco to any one of claims 1 to 11;
forming doped regions (47) in the semiconductor layer substrate; and  



- 30 - forming electrical contacton surface eulons of the semiconductor
layer substrate. 




