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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-scale industrial manufacture of solar cells requires

a large number of semiconductor substrates and, for example, material savings as a result of
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The manufacture of solar cells requires high-quality econom cal

sem conduct or substrates. Below, both the technol ogical. background. and
possi bl e characteristics and advantages of the invention are described with
reference to the exanple of formng a sem conductor 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 sem conductor material; instead, they can

general | y-speaking al so be transferfed to ot her sem conductor materials.
The sem conductor |ayer substrates formed can particul arly advantageously
be used for manufacturing solar cells because | arge-seal e industri al

manuf acture of solar cells requires a |arge nunber of sem conductor

substrates and, for exanple, material savings as a result of - 2 -
provi ding.t:hi trates .result in considerable reduction in costs.
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cells are frequently provided in the formof sem conductor wafers. Mst of
the tine such wafers_conprise a thickness of 100-500 gm and are
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met hod SETRGPRAYCEEG aletaly ion Rt p silispr @opacyplal, e thin skicesy yst al | i ne silicon
are known, in Wich nmethod at first a porous silicon layer is produced on a
silicon substrate, and subsequently above the porous silicon |ayer a

f ur t hen dryeto lpfabd toiredireicests epths intamdfacfuoe ofscdarieBs itmagrbeegdivhaagealus banner .

This furth I I ted f t il
subst r B S s B Ot ER B sor DS ey e TR e o
predet grcfd-A61 16 @l 390,01 nt. The separated |ayer can, for exanple, 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

ﬁggfrlﬁ{;’é@ is%frtﬁ &t}g% ’lel%étgﬁd\(?rge %r Irfaglrlfagffl%rﬂg lsgla% }:eslls%rr]ljtflé 5isifd clry(f)srtalii;tleS si 18&} act
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, be made with a thickness of a few um
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 and/or its

contact metallization, can be 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 A1 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 structure as the silicon substrate that adjoins underneath it. If the silicon substrate is,
for example, a high-quality monocrystalline 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.



Such a nethod is, for exanple, described in an article by R Brendel in

Sol ar Energy, 77, 2004, 969-982 as well as in DE 197 30 975 Al or US 6 645
833, The method nakes use of the fact that the silicon thin filmapplied to
the porous |ayer preferably grows with the same crystal stnicture as the
silicon substrate that adjoins underneath it. If the silicon substrate is,
for exanple, a high-quality inmanoerystalline wafer, in this manner a

hi gh-quality silicon thin filmcan be produced which can then be used as
the substrate for solar cells with-d-high efficiency potential. - 3 - From
DE 42 02 455 C'1 a nethod for the manufacture of a solar cell froma
substrate slice is known. In this arrangenent a self-supporting

sem conductor |ayer is detached froma nonocrystalline silicon wafer by
means of electrochem cal etching. To this effect, with the use of an acidic
fluorine-containing electrolyte, holes are formed in the silicon wafer, and
when the hol es have reached a deﬁth that essentially corresponds to the
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form ng thin sem conductor |ayer substrates that can subsequently be used
as substrates in the manufacture of solar cells, as well as for a met hod
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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 are 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 sinple and econom cal nmanner,
According to a first aspect of the present invention, a nmethod for formng
one or several thin sem conductor |ayer substrates for manufacturing sol ar
cells is proposed. The nethod conprises the foll ow ng nethod-rel ated steps;
(a)providing a sem conductor substrate; (hi) form ng an upper nacroporous

| ayer on a partial surface of the sem conductor substrate; (el) form ng an
et ched- away | ayer underneath the macroporous | ayer; wherein The macroporous
| ayer and the etched-away | ayer aredi-n each case fornmed by el ectrochem ca
etching of the partial surface of the sem conductor substrate in an etching
sol ution; wherein an edge region of the sem conductor substrate, which edge
regi on enconpasses the partial surface at least in part, remains non-etched
in order to forma stabilizing non-porous edge region;

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;

(b1) forming an upper macroporous layer on a partial surface of the semiconductor
substrate;

(c]) 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 macroporous layer underneath the previously-formed

etched-away layer;

optionally: (c2) forming a further etched-away layer underneath the previously-formed
macroporous layer; and

(d) subjecting the entire semiconductor substrate, including the macroporous and etched-
away layers 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 from the semiconductor
substrate, wherein a mechanical connection between the macroporous 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.



optionally: (b2)form ng a further macnporous |ayer underneath the
previously-fornmed etched-away | ayer; optionally: (e2)form ng a further

et ched- away | ayer underneath the pusly-tbrined naeroporous |ayer; and
(d)subjecting the entire sem conductor substrate, including the nacroporous
and etched- away |ayers fbrined therein, to at |east one
fluid-nmethod-related step in which a fluid acts on the sem conduct or
substrate surface; (el) mechanically separating the upper naeroporous |ayer
fromthe semiconductor substrate, werein a mechani cal connection between
the macroporm s | ayer and the non-porous edge region is interrupted; and

oEti onally: (e2)nmechanically separating the further macroporous |ayer from
t he

In this process the optional steps (b2), (¢2) and (€2) can be repeated multiple times.
The 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 alternatingly, 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 of 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



sem conductor substrate, preferably after the upper macroporous |ayer has
been separated fromthe sem conductor substrate. - 5 - In this process the
optional steps (b2), 'c2(e2) can be repeated nultiple tines. present

i nvention can be considered to be based on the following idea. In a

sem conductor substrate, for exanple a wafer conprising silicon or sone

ot her sem conductor material, successively and altematingly, nacroporous

| ayers and etched-away | ayers can be forned by el ectrochem cal etching. To
this effect a partial surface of the@-sem conductor substrate can be

subj ected to an etching solution which conprises, for exanple, hydrofluoric
acid. The etching solution successively etches into the sem conductor
substrate. Depending on the selection or correspondi ng influencing
parameters such as, for exanple, an applied voltage or iIIunination of the
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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 macroporous 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 form 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.



- 6 - etching solution so that the edge region remai ns non-etched, thus
having no porosity. As an alternative, etching in the edge region can al so
be prevented in that said edge region during the etching process is in a
targeted manner not illum nated. The non-etched edge region can fully or
partly enclose the etched partial surface in the manner of a franme, and.
can, for exanple, conprise a width of 03 to 5 num Therefore, both during
etching and during subsequent nethod-rel ated steps, the edge regi on can
hol d and stabilize the macroporous-Fayers that are in mechanical connection
with it. The macroporous |layers held together by the edge region can
subsequent|ly al together be subjected to further nethod-related steps. in
this process the thet. that at this process stage the nacroporous |ayers

are still all held by the non-etched edge and are thus stabilized, can be
utilized, which can considerably facilitate handli ng For exanple, in one
or several shared fluid-nethod-related step or st the characteristic
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sem conductor | ayer substrates can conprise one of the macroporous |ayers.

Such sem conductor | ayer substrates can, in particul ar because of the
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etc. The semiconductor substrate can be provided 1n the form of a wafer and can comprise a
substantial thickness of several 100 um. 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 macroporous layer and an etched-away layet or, as an alternative, in a
multiple alternating manner, macroporous and etched-away layers are etched (process steps

(b1, b2, ...) and (cl, c2, ...)) into the semiconductor substrate. Preferably, this process starts



material, i.e. if a high-quality sem conductor substrate, for exanple in
the formof a nonocrystalline silicon wafer, is used, the produced

sem conductor | ayer substrates, too, will be of a high material quality and
in particular will conpiise a nonocrystalline structure. Possible
characteristics and advant ages of enbodi ments of the method according to
the invention are described in nore detail below The sem conductor
substrate provided (process step (a)) can be a substrate conprising any
sem conductor material, for exanpleS8silicon (Si), getmartian) (Ge), gallium
arseni de (GaAs), etc, The sem conductor substrate can be provided in the
formof a wafer and can conprise a substantial thickness of several 100
)Im in particular, sem conductor substrates conprising a sem conductor

mat erial of high electronic quality, for exanple a nonocrystalline silicon
waf er, ferred. As will be explained in.detail |later, it has been
shown t gﬁhgﬁgnﬁé %ggmggﬁwggwggwgﬁ¥§ SLET § STFRSE O SHITWIBHPT i cul ar on
sem copglisahRl aslhisbé@tesy eldetdratnhisyRersRiFbeaaeiGh Qiche 4R e MRl Yohed
rnacroporous |layer and an etched-away | ayer or, as an alternative, in a
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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



The macroporous | ayers conprise a porosity of |less than 60% nore
preferably of less than 30% and further preferably of less than 10% In
this arrangenent the term"porosity of a |layer"” refers to a ratio of the
added-up volune of all the pores within a layer to forman overall volune
of the layer. In other words, the porosity of a. layer is all the greater
-the nore pores there are contained therein and the greater the pores are.
An et ched-away | ayer can conprise a _porosity of essentially 100% The
porous | ayers are produced in the séri conduct or substrate by

el ectrochem cal etching, for exanple in that a partial surface of the

sem conduct or substrate is brought into contact with an etching sol ution,
and sinmultaneously an electrical voltage is applied between the substrate
surface and the etching solution. In other words, the surface of the

sem copREEEYiIntoHRBERRUS cfthg dffiee ibstiite guakubdyutoat, & whicHictdhargetht
electrical potentials. Wth suitable polari ti/ of the applied_voltage an

el ect r cbiranisea¢ ctehescintoahe substigtedareetynerpendisutasly ip the sybgiateprcssandne
substrate surface, | t cally on nucleation centers. During the
el ect r 6CHE eélgsyarpé)ééc):%lg rlc%rggk@%ﬂegi zing of the substrate surface and
quasi - si nul t aneous et chi ng-away of the oxidized substrate surface by the
wet ti ng etching solution can result. Since ener al Imy eaking, this
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proces ﬁ@é%"(ﬁt%io’flQﬁ@eﬁir%éaqrﬂp‘gollﬁ)lﬁiﬁﬂé‘rf%k?g%ﬂ}??é?, 2y e IEEHETN PGt es on -
9 - cl Q 1 - chy 1 ur, in
ahi ch SpihgetchBISEARORRRRNTPEE Hahfohe SO0 ARG aNS rRuermes

per pendheingatdhing af 4 dubseaubst matrepaons laye, seadsicamisedubnpieyerd opdireous | ayer

can be formed. In t elﬁ(glrodu tion of the first rrt?c QRO QUS I?Xe%irna ceds

nucl eaf %Feﬁﬁ&sfssur‘ﬁégt ARl Lg PLPCe Sy A GORF Ry RDC HiF A T ERR T SFBIESS Kl e i n
that etghbdehR8edSuRERIcRNGERL] biResephi cal |y predefined. During etching of
a subsequent rmacroporous | ayer, seeds can al ready be present on the surface
as aresult of the |last etching process, and consequently the formation of

et chi ng, seeds n_b ved in,subse i . . : een
observ tdhqsﬁ?gcfn Cglsgfvregﬁ%q &) S&Fné}Hé)%e}feeee C%@%%%un%%laﬁ%‘él? §§%§ g?%&%??%gglr?g in
parti cukfdnd dEBeRdmBE dffppsiivebRirgo tarfiesi(klisy eefehat as Chsles eorsvataltstatesef er r ed

to as "holes" or vacant states in the val ence band of th seE1' conduct or
mat er i ah fhewslense hand efvhy semicendysior mataribwiigh areyptaileon the wh¥radsse of

D o PEsid Cegwgkegg {oof%g@f%.agﬁﬁgn@p%m@am 1t holEs B LhriENGTge carri ers

ectrochem ca i ng depéends

pr edomicaatetd, ynd thetdnghifd awivitp duiing elecnabamicd tohingdapdndb peedomamntliy@net chi ng
solution, and aon the el ectrical val tage a Iiefl.. I n %ontéast to the above,
in t he thadeorgre igp copceptraianavatlghia fropdhe g SRPiopy o0 the Cl5ptE e i nority
char ge V%ﬂ{i%é ﬁflpﬁe?.llﬁ chiteast B5@e Abovil i tha Rade-df iR 8-t§ P dnhiabRiuche sabkiiatd thy of

hol es avaiftabl'e for an el ectrochem cal etching process can be strongly

i nf| uernoks aoytht eEnoditywhingachoiers in theeaseeofi suonaustne sybigte Breauapiey he

associ ated generation of charge.carrier pairs (electr s). In
ot her &Bfeasa,%al?a??ﬁeefo&?p e egg?al Sﬁmgﬁéo‘%fss f)adlrtg)eusg Ofl%};}/'g{r%@ue?lggﬁqfkh% pe

subst r a11@finafBBAbE tht kOMBRINGorABA ARIthbYssobiatedlgesératienbf chatdeageriappl i ed,
the porosity can be significantly controlled by the intensity of the

i |1 uni rpaits (aleativas andkaes)pinatbercwprdsin eleeirgchemicah gishing Of PerWS (AVEE i@at i n

t he case of .n- rak i i } .

concur neps 1R EpRE AR e diteofialoP o REIAR @ bR Ycbosiy can
| ayer s weoigiificintlg comed] RAdyahs idénsity uf 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

a macroporous structure.

For the alternating forming of macroporous layers and etched-away layers, the parameters that



- 10 - influence electrochem cal etching can thus alternately be set such
that the formation of a macroporous |ayer and the formation of an

et ched-away | ayer occur. For exanple, in an n-type-sem conductor substrate,
by illumnation at low light intensity a | ow etching current and thus | ow
porosity are caused, and consequently only small pores are forned, whereas
for the subsequent formation of the etched-away |ayer the sem conductor
substrate is illum nated at a higher light intensity, and consequently
greater porosity and thus the formatlDen of |arger pores occur, which pores
finally nmerge, thus formng the etched-away Layer. Since the pores, for
exanple in a silicon wafer of the 100-crystal direction, always preferably
form perpendicularly to the surface of the sem conductor substrate, in this
manner a sequence of alternately forned nacroporous |ayers and et ched- away

| . b duced. in th t the | tionit i t
AL R R T S e L
vaf er  slaciopotousPiyet end@ikYornthioh g a8 kRetd-achpMysadecat.chi ng, i nfluencing

paranmeters that influence the intensity and speed of the el ectrochem cal
etching process, for exanple a voltage applied between the sem conduct or

bst . . e . ¢ . "
subst 1 SpEoRIE IR A bbbl sufliale, b URRLNE R o ML R RREE e
sen cohouetchingsubsiiralehusd ovqieesityradd taaRed fané todbeqg:nsly bslyadmesSporéDare exanpl e

hydrof l.uoric acid (11 F) wnhin the efching solution, and/or a tenperature of
the et EHMSE> WBFIERS %ﬁ,theaﬁueseéléplgé?@@qon of fleetghageiTaydry e g serHeOndlEPbpor ous

| ayer . i : r : i to

| oac {osirateTEnEnfta b SRMR e 1ol IHG) AR A Bl LHERHE oo BREALE B

" macr oflerfousatgtirafdarngeeforeedens vitoctapdray Enaliy mbrgapthay frages theehsd-aeapf nore
than 50 inn.ln the praoduction of solar cells.i an be advant ggeous to form
o rarsh ot B At Senie B 4ohed wieeeler 108 PRl et eiam ANER o Spm
When corpaheld Hon BelfBRARARH R B SHFAUE 1R scdll€ordi@bBr AMsRSk! Y th@ nERRES e

maer oporous Structure in the macroporous |ayer can provide the advantage of
a smal hesqusned elcBteaely husedfmagroroneys layars anketeledeanrylaydronan ber ef erabl y, a

wettin ent 4S added.to the hing solution.. This t1,i ng agent .can make
't posBriE EloteRe Bk 2 ER A ORI L e o Bt iegrSBFRRIER " o
evenl yton@ke phee perbtaticul@ly e s@fdrgoreadict or substrate during the etching
process. This can, in particular, be advantageous in the extensive channels
wi thin the porous layers. It has al so been observed that sone wetting
agents d i I t: i I QF facili.tating
penetr gfe?éc])[ﬁﬁ P Bkgﬁlrgf:ét}?%ﬁcg%i}%? f éef[?}gh%’nl gﬁ%‘%‘fcﬁg ﬁd}’ﬁlal;ﬁér%gﬂglttllrlag %&eg ?%% gﬁ% %llttyet ched
por ousahdyrersd of therddvevolimeicalasching poutss, ol ekdieplaatvoltng: a@gptiad betgasn thebbl es

that can form duri t he et chi process can easily_detach fromthe surface
of t hesSBPRARTHBRIL B %\F@EJ%S&Pﬁ%‘QBn%} Dugyidigrr feFemi®BuEeT acet i c

aci d (Gdys@add9micsideeor afPa ﬁgﬁﬁ%kbﬁ&nﬁgﬁﬂf withh €h ARk Y dudidE | NY
el ectrochem cal etching of the several porous |ayers, 1nfluencing
par anes@sgacan chreenidjtist datdhmgssubhtancasatomexamplathyddodlupoe ecid (HErwithe and/ or

the | ayer thickness of .the successively faornu croporous, .| ayers

essent 5 S EHURTY SRAPRE THERIT B4 DL HOBE PR AR LG OFlLhe et chi ng
sol uti ﬁﬁnﬁ@ﬁhahﬁé\ﬁﬁcﬂoPoﬂomg 165eHTsBridd dowe t816RMbASE PMAGBSSroudBduchiAcCe, N
particular, the circulation of etching solution within pores of already

et chedAgerrding trAYBAS dafarnstiond! finieniof Byrd anéh depplipeChstaistiny éheokrmat chi ng
solutig ' n ] ' r hed. porqus_ l,ayers.can..be

it edieGEFRRGs Wbl IGER Sl d wlh kB AEpEL RUSSIPRE LR RO RS APETS
may beprdaesaasisolad calll it sin bhadhvahelef tp daitik eifropofoaubiteidsaritt he
intensity of illumnation of the substrate, during etching in such a manner
that tRCEPORFHYZS BOES e Ly Te. Vasrompyedichmeeprorqusstrusiaee ofdhai n
essent | I 1. r opor ous
Iayers%ﬁgﬁg%ﬁgﬁggggggﬁngl?%@hﬁgc aﬁ?%gﬁq@%ggggpégﬁg%7%“%%I%§§ﬁ?pﬁb desired
t hi n sedvancigdwf b emallaysarfasaidyst that eSa leaddr sadaqerecenbiegant i al |y i denti cal
mechani cal and el ectronic characteristics.



Taking into account the etching rate set at the tine, the duration of e
etching process is preferably selected in such a nmanner that the

nt acroporous | ayers are formed with a layer thickness of 5 - 100 pm
preferably 10 - 30 pm whereas the self-supporting |ayers are only fornmed
with a thickness of 0.5 pm-20 pm preferably I pm-5 jun. Apart fromthe
possibility of being able to obtain a nmultitude of thin sem conductor | ayer
substrates in the form of successively separated naeroporous |ayers froma
singl e sem conductor substrate and-By-neans of a contiguous el ectrocheni cal
etching process with varying etching paraneters, the proposed nethod al so
makes it possible, prior to nechanical separation of the individual
macroporous | ayers, to subject the nultitude of nmeroporous |layers to a
common net hod-related step. In this process it can, in particular, he of

| nt er eple L 9b5URWRRIng 438n Ak hERMA0 HIY GBI P 104 TAYEH S 20 A maRVER' al
fluid-nmethod-related steps prior to the nmechanical separation of said

| ayer s possible farshe astbadetchinpsubstanges OF thedtohenghedutiosl tatewehly esp therseffagesoft 0 a
nmet hod-rel ated step i.n ich a flyid, for e le a gas or [iquid, can
act onﬂfer?@ng?ﬂnflﬁ‘étgpﬂ*bs?#g duERg 5 %I?mg??ﬁéfﬁgf@’ 1 ﬁarﬁfﬂgl;, %Svor ds, in

parti culi@htagedil AGhe SielshR QhSd1SitRMGhOPololie]dyBs! HBasslEd BEoRErvEdE poOr ous
| ayers. By neans of such a fluid-nmethod-related. step, for exanple, the
ent i r ethat pérae avetingtagentp srwresupaifie viscesty ddheeighiag solption dhusdaeilitatiogal | ayer .
For exanple.. in such a fluid.ne -r.el at e ' e er can be
f or med P8 et’iaﬂgn Sur cziltl:aeﬁsonoqf ekc}%én%gloglgg)gﬁgP%%asdgllp%ﬁg%ﬁ}é%laﬁ%f&%ﬁ%s 13 % ied- anay

| ayer s Fukh@ntbrelag atrésult df dlyewettiap agdni, @28 bublsles that cdpefotis ddring e epdisy vat i on

of the surfaces. In_a concrete enbodi nent the sem conductor substrate with
the rn@EcsoiaBcasibrdptashdrnsn themptaregldhe semispndigtos sphstipfco et SXam¥sred t her ei n

Cemor StireSERHEO] & AL B CTREA) LR B L s R O Carpi e 1 an

oxygen- cont ai ni ng at nosphere a silicon dioxide |ayer (SiG) honpbgeneously

gr ows g)n thg erf.aCéis of the poraus tell%ers. Such sili.con di oxi de | ayer

can al FEfErOly v elpciinshemicateiriuag aEths eyl Porppsayess: IiHeNEE | + i n

ef f ect g sl BEELPAGRALIA Rnahh& RATRYSork 36¢tSre and/o} the lafl@RRSkARE. An
al um num oxi de | a.er”can, for exanple, be deposited by nmeans of an atomc

| ayer aépwesutéessivetsforoedmiayparenslaybrs esseanlegblysempinremeins édentigaleSing¢ thsel ow

500 "C, f.erably b 250. ' C, furth | ' in th t of
> gas SAEBEET pLibe EhaW 5T hon Gyn Fde b Blesfof (e 3hdnifieprolioh b B he ©
doped W parieaRa McScirchiRbios ¥aBRhBgROREHH ithtn BdreHOf Meady 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 the etching process is
preferably selected in such a manner that the macroporous layers are formed with a layer
thickness of 5 — 100 um, preferably 10 — 30 pm, whereas the self-supporting layers are only
formed with a thickness of 0.5 pm — 20 pm, preferably 1 ym — 5 pm.



In a further enbodi nent of the nethod according to the invention,
preferably in each case prior to releasing one or several nacroporous

| ayers fromthe frame-like edge region, a thin layer is applied only to
parts that Iie on the outside of the respectively uppernost .macroporous

| ayer by neans of a gas deposition process such as, for exanple, a plasm
deposition process andlor a sputter depositing process. For exanple, a thin
al umi num | ayer that can serve as a netal contact for a solar cell can be
deposited in a sputter depositing pideess, or a thin silicon nitride |ayer,
whi ch can be used as a barrier during a subsequent diffusion or a

wet - chem cal process, can be deposited by neans of a plasna deposition
process, for exanple plasm enhanced chem cal vapor deposition (PECVD).
Both in the case of plasna deposition processes and in the ease of sputter
depositing processes, particles froma gas phase can be deposited on a
surface to be coated. One difficulty in the coating of porous |ayers can
consi sApaft ftonetheaypesibilibedfitginpeatl ©toattedn bynidltieidp of €fin sevhibe:@lucs 18/ef ul e,

solar cells ate_ tq be processed only rarely on both sides, but often only
on oneSYsHates jhthe cﬁl?%n CESPIVR SEPARICR HEGFWAT AN Y FHEoBesigls| de of the

cel | i %ﬁi@&ﬁdﬁcmhﬁﬁra%'a%%éﬁg o'f‘ h Bof ARLSs ERcAKAERYEI %‘[Bfuﬁ LG he gas
deposition process an adequately | ow gas pressure can be SBPected so t hat
deposi vimpgetethngpirayetersotheipnomrsedmethodfabwenalas it fussipler pris ts emicharickict or

| ayer substrate . is large revented. In ofher words, a gas pressure can be
sel>lect %eé’aﬁ&ﬂgfl O&hel IBWVliﬁlSLéﬂ‘gf’B?mPﬁgy?rFetQ spaieHdhe MulEpds I@%‘“&P‘{rﬁﬁlsn the gas
to be Riybisits h@Binkmon MEEEd-Fted BiEp PRk p&SsES 8RNI AliYul RO bl BPERG4 9, e abl e

to enter the pores of the porous |ayer, and consequently only,- coating of
t he ouswyedt gyl ddiradnformke pprsns layetsady ene ocsaves) flwki-nethodtrdniedstepegiions of t he

por ous . i ho er,.largely uncoated, As.an alternatjve,

t r eat n%lr?'?%{ &h m&lgﬁ?s,eﬁelir? tll(fr}\q(%al\fil gy n#‘? A ?ﬁ& ClerRn g élﬁ?tilPd'traé{eééfeBs can

t ake pleigseto Ihettdrelised stypan wisich Hanid, FRakefpRY JasQ a Ba8idS tdeact bA gy der to
mechani cal |y separate a nmaeroporous | ayer situated on the outside fromthe

sem co ¢ 8f thespeicondector sypsteateip Pihen Wiordsh Hypastgulgropaneact am thseoussida t ed
direct)y Lhes . r , S I € l.ayer can
be. gr i e RidREEARA e bR il Y HATR b8 TRERERRL T e 3P

mov enefur epdmplesthe actitersusfoiat dfahe pevichyerlcah by eodted whke as addiciond ugfeer
substrate can be broken off fromthe sem conductor substrate. in this
process the geonetry of the vacuum suction device and the noverment of the
VacuUMSUERIHI, deicha Rl dtlelitlAied DIRHERAIARIR Y, HiRfedldignimcr opor ous
| ayer breaks at a junction to the stabili zing, non-etcﬁe , edge region. In
t hi s nswifaees ofithe macwpomus layepraod wé g arctedeparydapers. Aberdsslectiatiyedeamnin op of

each ot her.. can cessi vel d each one individually, be gripped by the
vacuurb S HRHie R e BEFRRSloBhs

6Ff, and can be fed to subsequent
processing steps. In order to support separation, fromthe sem conductor
substrate, of a nmeroporous |ayer situated on the outside, in a

ci r cunfier Eeredt epbedimgnighe sereicardicop spburitd Witk theamaarppmobs wwlret¢tedf or med.
The t d f
roohant g 1afetd e By SR8y oo iz W o805 Bl BehRFharfes ¢ espona.

t 0 t heprobdsskrepss whicht i eenimeataRe oo bisoveaserC, prdf@ablepabBswd000C, fdie depth can

be | ess t?ﬁg,said t hi ckness so that the,3T1,acro?orous | ayer can be
r enov eTANRF B R REI FEHaRNES ABPSPITife siHepcdiodida layer (dRndipmaegeagpusly

grows on the surfaces of the porous layers. Such a silicon dioxide layer can already at thin
layer thicknesses of less than 10 nm result in effective surface passivation of the porous

layers.

As an alternative, by means of the fluid-method-related step it is also possible, for example,

for a silicon nitride layer or an aluminum oxide layer for passivating the surface to be



entire circunferential region or in parts of a circunferential region of
t he maeroporous | ayer, Le., for exanple, where the macroporous |ayer
|aterally borders the adjoining stabilizing edge region. As an alternative,
a maeroporous |ayer, which is situated on the outside, can be nmechanically
separated fromthe sem conductor 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 - nmacroporous |ayer situated on
the outside, which nacroporous |ayed3adheres to said carrier substrate, is
then torn fromthe sem conductor substrate For this purpose a nmethod as is,
for exanple, used in nodul e encapsul ati on can be used, or a sol-gel nethod
can be used. Preferably a flexible foil, -for exanple an alum numfoil, can
be used as a carrier substrate. The foil, together with the outer
maer opQLised WELuAMIER bRBle 18 et ban, ‘f@irbx:aﬁ%{bﬁ BE désfied bPMehiofuAdEhil Ng

n

l'ayer by an unrolling pulling action. Inthis manner the nechanical stress
can belayendewsitiahethed (4D meglpel) tat deposipipn teroparatirees 06 peleovid0°Fyer t hat

adheres to th o] d,in.the [oi.nin L ghl.y-.pero f yered
detachﬁgﬁ?a@V%FL%”hﬁ%%gp%ﬁ% K mgghﬂgﬁe?gg%ﬁfﬁggéﬁpﬁﬁﬁ§g§P§§ﬁ$ﬁﬁ

appl yi Bagehe theididibyeof @k kugaR chake d@ﬂ;}eip@ith fiepaney fsrRikemplRyphbgstokuxgori N an
oven or by laser irradiation. After the heating process the silicon can be
doped Wwpoton- at oms fromthe foil, and consequently it is possible to conbine
t he manufacture of the pn-junction wth adhesively applying the foil.
According to a further aspect of the present invention, a nethod for

manuf ach b firitgr amdodiatent 6f the ingetidyroseiihg dph¢ inveitom, prfsallly én tachtdass process

steps, the nmethaod conprises_the foll ow n rocess steps: (i) formng a thin
sem coRHAEtodeleatpg 99%5@%?4@&%})6@% et ecieuss fheate e 4 _
f or m ng,yIPREARHEILANT0 bitid i RASH HEBAHEQS: hekSheciVlS kbl iosand VIO Tormi ng

el ectri tacts  on surface regions of e sem cohductor | ayer
subst r atgropotousiouer dy heeanobdal gashiepotitien prooestismeinas fateanmptegs psings and

advant ages.of the invention haye been described in,part.wth. eference to

the rre%%%‘lfltf%‘rprf’ﬁ?s Oliﬁi?’rlt@éﬁ?p@éﬁl&ﬁ@f%‘iesﬁ' E@é?xa&%&aﬁhﬁf’éﬁ“ﬂ%@&?ﬂ%e used
in a ¢RAURGW ANOmBRPESHRSCt IO a SPArakilcgh b8 deftRfled M PutieMdpBsitigg er ence to
the method according to the -invention for manufacturing a solar cell, and

part | y padcsss, wi & Hin sifiepenitade Byethwhivhman de sedeas ashamierchuineashbicapentt i | m

bstrates. | Lls. Th il ' SURRN
- ecognib Ly v R il pree e PR B o PR S o ER e e Bl e
conbi neebREN G kampleliehia @thaédd cheiddl ViRl depdsttica®EOVIBI met hod-rel at ed

characteristics can require corresponding structural characteristics in the
manuf act ured sem conductor thin-

Both in the case of plasma deposition processes and in the case 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



- 16 - filmsubstrates or sem conductor devices or vice versa. BRI EF
DESCRI PTI ON OF THE DRAW NGS Fart her possible characteristics and advant ages
of the present invention will be evident to the average person skilled in
the art fromthe foll ow ng description of exenplary enbodi nents, which are,
however, not to be interpreted as limting the invention; and with
reference to the aCCOM panying drawings. Fig. | shows an arrangenent by
means of which the method for form ng sem conductor thin-film substrates
according to one enbodi ment of the-ildvention can be inplenented. Fig. 2
shows an alternative arrangenent by neans of which the nmethod for form ng
sem conductor thin-filmsubstrates according to one enbodi nent of the

i nvention can be inplenented, Fig, 3 shows a sequence of steps of a nethod
for formng sem conductor thin-filmsubstrates according to one enbodi nment

of the vjli{ﬂvae\%éo?lg fluid that cannot enter the pores can take place. The porous layer is then treated

only on one side.

In order to mechanically separate a macroporous layer situated on the outside from the
semiconductor substrate, for example a mechanical force can be exerted directly on the
macroporous layer. For example, the macroporous 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 macroporous
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 macroporous layer
situated on the outside, in a circumferential region of the macroporous layer a trench can be
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
macroporous layer can be removed in a controlled manner. The trench can be formed in an
entire circumferential region or in parts of a circumferential region of the macroporous layer,
i.e., for example, where the macroporous layer laterally borders the adjoining stabilizing edge

region.

As an alternative, a macroporous 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

macroporous layer that is situated on the outside, and the carrier substrate with the



Fig. 4 shows a diagranmatic top view of a sem conductor substrate in which
a macroporous | ayer enconpassed by an edge regi on has been produced by
means of a nethod according to one enbodi ment of the present invention.
Fig, 5 shows an el ectron mcroscope inage of a porous silicon |ayer
structure that can be produced with a nethod according to one enbodi nent of
the invention, and in which structure the individual |ayers are separated
fromeach other by internedi ate ekted-away | ayers, - 17 - Fig. 6 shows an
enl arged el ectron m croscope inage'dﬁ‘a silicon |l ayer substrate that wa
formed by neans of a nethod according to one enbodi nent of the invention.
The drawi ngs are nerely diagrammtic and are not to scale. Sane reference
characters in the figures refer to identical or simlar elenments. DETAILED
DESCRI PTI ON OF PREFERRED E. AA. At first, with reference to Figs 1 and 2,

devi cesnRfGoRRISR SRuAYd FRBRDuBIdeMIhidh HRYdFRsuaRAAIRESE ® said ddgermet hod
according to the invention for form ng sem conductor thin-film substrates
can be sibgblatepisrthedtorn 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 macroporous 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 macroporous 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 (iii) 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 reference 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-



In the device shown in Fig, 1, a sem conductor substrate 1 rests

hori zontally on an electrode 9. The el ectrode 9 conprises an acrylic gl ass
pl at e above which thin platinumw res have been tensioned. Thus the

el ectrode 9 is largely transparent. A vessel 15 that is open at the top
arid at the bottom conprises a 1-5% hydrofluoric acid-etching solution 7.
As a result of a sealing O- ring 17 arranged between the bottom of the
vessel 15 and the sem conductor substrate |, any |eaking out of etching
solution 7 is prevented. Furthernoré6-the O-ring 17 prevents etching
solution 7 fromcoining into contact with an edge region 3 of the

sem conduct or substrate. A second electrode 11 is imrersed in the etching
solution 7. The two el ectrodes 9, 11 are connected to a control device 13,
wherein the control device 13 can vary a voltage that is present between

t he el?ftr es 9, 11..Uqﬂegngﬁth t he .vessel 15 a lanmp 19 is arranged in

or der 11D SUDSTIHES OF SEBICORYHCtGr SORICPH A et €dhduct or substrate 1 thr ough the
largely transparent first electrode 9. The lanp 19 is al so connected to the
control device 13, Wierein the control device 13 is designed to vary the
bri ght RBIEF SESGRIPTAONHIF Y IFPRAWINGS| at ed |i ght of the lamp 19. - 18 -
contained in a vessel 1 5. A sem conductor substrate | rests vertically
against a first electrode 9. Both the first electrode 9 and. a second

p: ati nEgnﬂeérqmgibldeharhcﬁﬁaidsmmgladmiltaiglas Fhﬂaeepmbhﬂi'gvaﬁbuwinrbe eriﬂgﬁtho the

el ectrodes 9, 11 are connect to a vol tage-supplying control device 13. A
t unnel averagespezapkilipdip ﬁbfg%frg@ the éollovdeg deserptign & rewptagnemhelipeitieen t he
two el I ' . [ a8 ' ] duct or
Subst 1 St oy R MBS TR BRek phafledhy b3k B R RE e
9, wi t hcdohwgahyinghltavesgs.of said | anp 19 being able to be varied by neans of
the control -device 13. An edge region 3 of the sem conductor substrate 1
has been protected by a varnish layer S prior to imersion in the etching
sol uti P(gr.]_?,sh@wgaﬁ BrrhdPethelBhY ARhAnd dYavISLICTHe PR BQ 1 fQhidg b&niREQNLRE BfnS rom
establishing contact wth the edge region Wth reference to Fig. 3,

et hodfifesapstdtestaepuding)io poe ¢mpodment efghhigeftorm ¢aprbeiimglemantedsemi | eouduct or
| ayer substrates according to one enbodi nent of the invention are to be
described. In this arrangenent in each case the |left-hand side shows a

di agr aFm@RisEows enaBdmithe LuhpenéntSyab@ndbf WhRhiBemneddet foFmmgbstrate 1
used, while the right-hand side shows a chronol ogi cal sequence of the

i nt enspeyicepducty thingHm subdirdesercpidingie qngwpbedingst of thedneakpe savlerct or
S“bStrﬁh&eﬁmn&H shoul d be noted that, because of the radiated-in |ight,
positive charge carriers, in other words "hol es", are produced in the
n-conducting silicon wafer used as a sem conductor substrate |I. The nore

hol es there are available in the senjconductor subsfirate, the greater the

et chi ngl&aﬁh%wwé%ﬂvea%e? quﬂfa\n%etklﬁf%agqm%S%ﬁ? HE&‘PBTHf%éit%Se .,

whi ch Qéc%miﬁgt&&{er&Hﬁocfixlneﬂ’ﬁ)f%@inkr&ltwﬁ? vol tage applied between the two
11.

el ectrodes 9, The provided radiated-in light intensity 1 is a direct
measure of the currently flowing etching current and thus of the currently
et ched_poi,-psity,.which i.s set by_.the etchi splution?.in the regi on near
the suFfadefons FHisteishratinforsr Voh hopRartieRs sShutle ANhitHTa oSS

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 etched-away

layers.



- 19 - sem conductor 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 arrangenent the edge region 3 is protected, by a
protective layer 5 fromthe etching solution 7. In a first step (a) a
sem conductor substrate 1 in the formof 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 |ight
fromthe lanp 19 has yet been radiatléd-in onto the wafer 1, the etching
current between the & e.:Lodes 9, ii and thus the etching intensity is at
first negligible. In step (b) at the point intinme tt the lanp is sw tched
on and at first is kept at lowlight intensity for between approximately I
and 60 mnutes. During this phase a |ow etching current with a typical

curr entFi;?.%ioW ah QB didcPTh it Bsddpe g%@fS ﬁig&gﬁeyér}sﬁﬁsﬁé@ th@9gasappl i ed

bet ween the el ectrodes 9, 11 ranges fromO. . I'n this arrangenent
t he et dhinmgl prveassf eomtbotasoaling toens gnfbadanant of the iswniicmnduct or substrate
1, which surface is in contact with the etching solution 7, in regions that
were either defined beforehand, for exanple by neans of photolithography,

int hatmdirmﬁgg ar SO i NRABMRO ML AR GoPY SBRNSarid refdteRicCRhbERANher
| ayer, or in ich regions natural seeds exist on the substrate surface 1.

Becaus digofestrpier H idpttoaboosimylat domentehi ng current, during this etching phase
narrow channels 31 at a dianeter of approximately 0.5 to 5 Rmare etched
into the substrate surface. The channels extend |l argely perpendicularly to

t he sSUMSECAIIED DESCRIPTIONIGF PREASRREDEEMBODIMENCERI ng-in the narrow
channels 31, a first, upper, inacroporous |layer 33 is generated. The tine
span during which the illumnation and thus the etching current are kept so

low i s Seischpll rjafaléeglUg B I?igg FINED, dd¥es %r%%hfe{ﬂﬁeaﬂg of MidR dediiced

macr opor ous’ | ayer corrésponds’to a ness of a sem conduct or
| ayer subetimdnes ¢éfthdeeflmdraedordiigpo dad ine¢ntied-fat fotrhinglsamsmaductantym-fimom 10 to

50 pm Typi cal i rgtions for thi I in, f le 1
60%“811 _&a%%c_ag gg'nf)]l%m%ﬁteg.tlos or this are Ito 60 mn, for exanple 10 to

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 and at
the bottom comprises a 1-5% hydrofluoric acid-etching solution 7. As a result of a sealing O-
ring 17 arranged between the bottom of the vessel 15 and the semiconductor substrate 1, any
leaking out of etching solution 7 is prevented. Furthermore, the O-ring 17 prevents etching
solution 7 from coming 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
to illuminate 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.

In the alternative device shown in Fig. 2, a hydrofluoric acid-containing etching solution 7 is



In this arrangenent the light intensity can he increased, abruptly or
successively, over a period of tine of a few m nutes, wherein by neans of
the type of the increase a resulting surface structure of the produced
porous | ayer can be influenced. Because of the increased nunber of
avai | abl e generated charge carriers in the sem conductor substrate 1 a

hi gher 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
| onger progresses primarily perpendigularly to the surface of the substrate
1, but also across it. Therefore the dianeter of the etched-in channels

i ncreases to such an extent that adjacent channels or pores nerge. An
etched-away | ayer 35 is forned. In this etched-away |ayer 35 no

sem conductor material remains in the regi ons between adjacent etched
channe ) C - eparat gs .t he macr rous ] ayer 33
si t uat g%‘%%g(\hj/gj b %%%elﬁ Eéﬁgggzﬁ\@égéég%ﬁ%ﬁtae?e ?é%‘gﬁ %esrﬁ%aéfyoa{%aﬂs @ ﬁ%gelgéﬁ gq uently

t he madrBphrtheifirst algefoddd amsl @kbndplppaih crgréddl ICadnRalceddti®tHeechsibst rat e
1 only hy way of the edge region 3. In a further nethod-related. step (d)

the il PUHiomY i Beihclecodasy 11 srecognedies Wricvolage-serplugarcenttdlideriee 12Hannel s
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nmet hod-rel ated step umnation 1nten e I'ncteased,
and. allfAitaoyel? etusheé tbralaytinatiye the38micndingof bsede 1 Then thettaok thr@lghit ed

steps (,d), an e) can pbe repeated Itiple tines so that a.layer sequence
of ﬁncﬁﬁé’i‘ﬁ% séqj%@/aéflg ﬁﬁ&ﬁecﬁﬁﬁ%SﬂWﬁEt}é@’r@&% 2 Glapws] G edng %/@‘? toé?egg e the
ci r cul rdbyohe SisORHRG oS RLIEdVAR ranA&Jt%gg?({ W Gm@@%'nﬁoﬁﬁlé&&esuﬂﬁfagé‘f | ayers

can be inpaired with increased depth. e channels, and thus the rates
of et chishgesarotbded bdavaujshdayer égponth ingnesmsun ¢ atcnnysoltéde and ipr ovi de

al so the macroporqus and et ched- awa ers, si.tuat ed, deeper, do w.th a
o) el R B AR Dol S Y o AR R Bt et PR ep i ki,
exanplg, a wetting agent can be added to the etching solution, the |ight

intensity or the etching durations can be correspondi ngly adjusted, or the
concentration of the etching solution used can be varied. After the desired

truct yf i Qi ni | t ched- | i
The sedByReraRE0 fla, b e A0 SRR R AN P P R B RARR HY “Lupt r at e
i s renmmneidodduotor idyer atbshitagacoldihg ond ntfodiiaed odnd ial@anadrd @ tde- i oni zed

wat er, .and ids subsequently dried. In this arrangenent the fact that the
sever afiessebgd- &y g‘f‘ﬁ)?‘lf gEMRBICR GpET s thedgldmhand pide Rl omdinstamspaticadew 6f her ar e

al | coppechest dfe gmg RORiBhaNest fHUEL ?giséan w%géﬂ?e lg%lg._h%ﬁﬁ bRpiLALd ¥

stabilized by said edge region 3 Is used td advant e stack of
macr opdroudogiagleeguanan of thasntengetdiee Mghthadifted be e lampd Snaite glec hed
sem conduct or . ubsgsr atel be thither processed in a sinple manner as an

entit ygemlcon or substrate
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 1. The more holes there are available in the semiconductor substrate, the greater the
etching current can be that flows through the semiconductor substrate 1, which etching
current flows due to the voltage applied between the two electrodes 9, 11. The provided
radiated-in light intensity I is a direct measure of the currently flowing etching current and
thus of the currently etched porosity, which is set by the etching solution 7 in the region near

the surface of the semiconductor substrate 1.

In the illustrations shown in Fig. 3, in each case a region of a partial surface of a



For exanple, in a shared fluid-nethod-related step (f) the entire

sem conduct or substrate, including the layer structures etched into it, can
be subjected to a high-tenperature step in Which the sem conductor
substrate i s exposed to an oxygen-containing gas atnosphere at high
tenperatures of nore than 450 C. At these high tenperatures the surface of
the silicon substrate is oxidized, and a thin silicon dioxide |ayer 45
(Si2) forms. Since the hot oxygen-containing gas can w thout any problens
al so penetrate into the voids of thé9porous or etched-away |ayers 33, 35,
37, 39, the entire surface of the porous layers is covered by a thin oxide
| ayer 45 with a thickness of a few nmu, The -thin oxide |ayer can act as
surface passivation. The surface of the porous or etched-away |ayers 33,
35, 37, 39, which surface is greatly increased because of the porous

st r uct UsBicoh@udidiusbyiid 1 Y Ho®et fHicAGaLiBE is WeEAY thakiching svlutieh 7vanid d
ot herwi se occur nore frequently in that |ocation. Investigations have shown

t hat swhidorgntadioing ths eflge wiiont? thatpspouts tepjehed Haghis agangamanate-odge si vat ed

that bs cilee wbicord oy dedradhisesmsunate-gassi v
i mi | el PgonD G et o Bisafidyehe MR ARSI 1 o’ i ne si 1 con

wafer material that is used as the source material. - 22 - be earned out.
In each ease advantage can he taken of the fact that opn the gne hand the

hi t her fipa fistt siggt(ahesraipprdiicioy subpyaio/ idhe &rmeil Bm-traepisrn vafespéie 33, 37
L _ . o & < PORHS™ o
hand! cqba BB NS prfided art] difblal ieREL WERYREIRCBiah G ToNNCT b

handl ed “as™ an en on t can in a
si npl e coraaahe pleh@irsaluéon Mt Sincheo fanhbd lighpfiomube Bimpul haseget laed radiatsdah | t he

maer opor ous | ayers stacked on t of each otBer n treated in a simlar
manner ONi %@W?éftrilvglefqt 138 W‘B“f%ggt?”éls%f Flete %s%gﬁangﬁt}’rs tﬁ‘-}%{ﬁlﬂpg, conpri se
gas phase,gif; g@ﬁ'@pn @ c | ayer deposition, or wet-chem cal treatnent.

Si nce ?Iﬁ[e Llllg - et heégtgr el ated step can jointly be inplenented concurrently

on. a. multitude of porous layers fornmed on the sem conductor substrate,
and these | ayers can subseguent,| .in e .st at e- processed,. t he

£l ui d- RsRB ) e dndp ‘H}eq‘biherlﬁ%?ﬁ%?wé‘f}]‘c?éé@%gaf@‘sbgé‘c?ﬂteaﬁ?%h bd sol ar
cel I's, iR¥ndiBABSHANethBPIBLiRREEIP T AROEE chihited. MRrebie Phasdeduimidhitidie

t hroughput i'n the manufacture of solar cells can be significantly inproved.

In a sebyerfueith a fpicsbeunet deesitygerging from hio 10yaAref psiscsrd be yplirgsiarpliedyer s
33, 37 t f | ivel i th
soni coreB @i o KB UiGTDE. Y. (THRAMAR oy BRARIA oot 8T 110

adhesi wehynenpg at tiee aafact ef the sbaidoafectdrlsubstran 1 uplpiel soéice imaropacowith| ayer
33. The carrier substrate 41 together W-s‘{%f’t hggtaieicrcg or ous er 33

adhesi Vig Sichipgslaton hapaegiopsihat werg epberipbined pefarehand; IorcRImI ot MFdSce so
that t i ih @R adj Wike Bréb&Cd Dy REERdfah ct@@oParid3 near
t he edg’gp@@gﬁ%?ﬁg’ﬁﬂ{f&gﬁg%’ﬁg e det ag gg fro!r?nitthe sem ceonduct or

subst r dtyer,lor i vhichaegioas natultad beeds exidtlorcthn shisstrstel sacthexd] .iBecsuselof theranner, for

exanple.as a transparent gla |ate, that |t can also duri subsequent
net hodﬁ‘lngF%? gy ?@ﬁgc,rlm&c‘g{ﬁ“ﬁ ﬁb‘ﬁg%hg%%fﬁﬁﬂ'g Ps¥ n@frOYVI"lea%FESr %g%rao §mFt§§/er as
a sol aryreshloxintRAY IR 3 Pmhife HERM B> Be SAPSiIaRY suslES ThdtRannbR eRfend
alternative, in a subsequent nethod-related step the carrier substrate 41

can be larethygieenendigalanlyfte tha suecaeicthe parstrats 1. Aparresdt of pdhinginHbe npEP |t ed
step ( of ,separating the topnnst o r. . d
mul (1 presfieheE B e FreSRTRH 1802 P R Reh PO Rt REGRE 5 5,
have b&R&illumination and thus the etching current are kept so low is selected in such a manner 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 1 to 60 min, for example 10 to 60 min.

In the next method-related step (c) the light intensity I radiated-in by the lamp 19 is increased.



_ separated fromthe sem conductor substrate |I. Fig. 4 diagrammtically
shows a top view of a sem conductor substrate | in which a. macroporous

| ayer 33 has been etched into a frame-|i ke edge region 3, which renains
non-etched. In order to be able to subsequently renove the macroporous
layer 33 a trench 47 is made in the vicinity of the edge region 3 by neans
of a laser or a chip saw. The depth of the trench 47 approxi mately
corresponds to the thickness of the nacroporous |ayer 33, so that the

| atter can subsequently be separatedofromthe sem conductor substrate 1

wi t hout any problens. Fig. 5 shows an electron m croscope i nage of a
silicon substrate on whose surtbee several nacroporous |ayers 33, 37 that
are situated. on top of each other, and in each case etched-away | ayers 35,
39 that are arranged between adjacent nacroporous |ayers, are evident. The
figure shows an obliqgue top view of a break of macr opor ous sanple with
regul afl Sa%agﬁalg‘amﬁ@? ﬁ%h,t 1%%511%@%& r"?cé?asF% agrfu@ﬂ?' RG ,Suct‘fﬁssb‘?%' ) §ﬁ?‘fn%;ce of a

si |i copertéf @tithdat a B MBRtAS whlerS by nBshsR tZﬁé 8f the kP88 Rean iyl ke
pattern has been defined by neans of photolithography. Fig, 6 shows an

el ect r &ifasr sroeisd thawpigducst parousreliey catube inflyencad Héerausradfitbpimcsased ayer 33
or occaEHBaHaRlie ASelRErRectt BRT, PRE SH o0 B ol R [ ZRERE Vi ¢ 1 por

.
. proccssing n solar “ce 8 e & with pores

at a naghingdeentfand thiwindhdredssd etedf bighinB@wsur. BWhad henSBORn thatth sdeReause of
the distributed pores, the surface of the macroporous |ayer conprises a
cer t ai HeEgpgdiel dfeiahipsthamickng mrogrseaO Manesr BogretseaPERE}y perdIdiulasbl i can

cause medahiedt EURSILEN, bt AL dLRLEOTHERRT. tBRFANSE: (fmnd Oendatur e of the

manuf act uri ng net § surface texture Is a y generated in
t he f oclmanelomoéastdte spelcaopaentubatiadipeent chinmdivas poads mergeliAreetaliyd-addi t i onal
et hOdl-arygrI fSt i%q‘ogrge%pfn’ thiszeé‘}ch-ed-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 that again

thinner channels form, and a further 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 be 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



There are many process variants for manutheturing solar cells from
previously surface-treated sem conductor |ayer substrates within the
framework of a fluid-nethod-related step. Anpong other things the precise
process can depend on the nature of the surface treatnent. If the surface
treatnment is a phosphorus diffusion in the surface of an n-type macroporous
silicon sem conductor |ayer substrate, then, for manufacturing a. solar
cell, one of the two sides at least |ocally also requires a p-type contact,
whi ch advant ageously overconpensate@lfor t he phosphorus diffusion
underneath the contact. This can take place by neans of alum num applied
either locally or across an extensive area, preferably in conbinatio
detachment of the individual |ayers. The phosphorus diffusion can be
contacted by neans of a conductive transparent oxide or by neans of a

netal . eﬂcﬁin?hﬁré?t%@ &Ebd QR A9 ABLEE Sor dRPasicthtRgioadf Me diiih@yer, then,
as a result of electrical charges integrated in the Al 203-|ayer, a

r ent - cedlbtion iised dandevededon- j uncti on arises that can he contacted by neans
of a tunnel contact or by neans of |ocal p-type diffusion, in this case on
one of the two sides a contact to the n-type nmaeroporous silicon is yet to

be prodyeethe dEBirsd aRnirakLsdbAC 8djofndig MAGOPdous Ryelk as@etclapawgy Byen-ihype
| ayer onto parts of one side. Single-side processing of nﬁcroporqgs | ayers
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t he macrop wever, because a sol ar ‘ce

non- sy e krir@ieaothp e thiat Wei seherabsepfrsupparting aracenpanypis éayeps styqked andort of t ype
regi ons, processes that have a single-sided. effect will, al S . required.
| or deteH i raRE A GUTeEIed 1 oL i GSTLE 1 et RN R
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| ayer substrates fromthe franme-lTke edge region a depdsition process can
he usedvithhht remakiag nphatbed serhiconduces substraps bef lorthenqangsiseed ina spBple | ess t han
100 Pa, 'The deposition pressure prevents deposition in thedepth of the

por es HAEPSHMEPar of the i macroporous |ayer situated on the outside,

Irt this manner single-sided processing of porous |ayers becones possi bl e,

which is useful in the manufacture of solar cells fromsurfitce-treated
| ayer s 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 (SiO,) 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 nm. 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 manner comprise
similarly high charge-carrier life times and thus a similarly high electronic quality as does the

monocrystalline silicon wafer material that is used as the source material.

As an alternative to the described oxidation process, other fluid-method-related steps can also



Deposition of an alum num | ayer is one such imgi nabl e process. The

af oresai d deposition, at high tenperature in the so-called fire step,
generates a p-type region that can be used as an emtter. In addition, the
al umi num | ayer at the top of the topnbst porous |ayer nechanically
stabilizes said alum num |l ayer, which facilitates honbgeneous detachnent of
|arge layers. As an alternative, the alum num | ayer can al so be applied by
way of a screen printing process; wherein the subsequent process steps do
not change as a result of this As aR2alternative, single-sided processing
is also possible as a result of applying viscous coating conmpounds or

vi scous etching solutions that are too viscous to penetrate the pores. This
can arise on a |layer-by-layer basis, in each case prior to renoving the
Iayers fromthe frame. Finally it should be pointed out that ternms such as
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: 1 St 13dkhe other hand, the fluid can in a simple manner penetrate into the entire porous structure,

and thus all the macroporous 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 (g) the individual macroporous 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 macroporous 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
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separated from the semiconductor substrate 1.

Fig. 4 diagrammatically shows a top view of a semiconductor substrate 1 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 surface 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, macroporous layer 33
as can subsequently be used as a semiconductor layer substrate for further processing to form
a thin solar cell. The macroporous structure with pores at a magnitude of a few pm 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.
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There are many process variants for manufacturing 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 combination with
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,Os-layer, then, as a result of electrical
charges integrated in the Al,03-layer, a current-collecting induced pn-junction arises that can
be 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 macroporous 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 n-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 be used that takes place at low pressure of, for example,



Claims |I. A nethod for formlng at | east one thin sem conductor |ayer
substrate -for manufacturing solar cells, wherein the nethod conprises: (a)
provi ding a sem conductor substrate (1); (hi) form ng an upper macroporous
| ayer (33) on a partial surface of the sem conductor substrate (1); (el)
form ng an etched-away | ayer (35) underneath the macroporous |ayer (33);
wherei n the macroporous | ayer (33) and the etched-away |ayer (35) are in
each case founed by el ectrochem cal .etching of the partial surface of the.
sem conductor substrate (1) in an € Sﬁing solution (7); wherein an edge
region of the sem conductor substrate (1), which edge regi on enconpasses
the partial surface at least in part, remains non-etched in order to forma
stabilizing non-porous edge region (3);

less than 100 Pa. The deposition pressure prevents deposition in the depth of the pores and on

the rear of the macroporous layer situated on the outside. In this manner single-sided

processing of porous layers becomes possible, which is useful in the manufacture of solar

cells from surface-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 r;duminum 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.



(d) subjecting the entire sem conductor substrate (1), including the

macr oporous and etched-away | ayers (33, 35) forned therein, to at |east one
fluid-nethod-related step in which a fluid acts on the sem conduct or
substrate surface; (el) mechanically separating the upper nacroporous |ayer
(33) fromthe sem conductor substrate (1), wherein a nechanical connection
bet ween the macroporous | ayer (33) and the non-porous edge region (3) is
interrupted. 2. The nethod according to claim1, further conprising: (b2)
tbnning a further inacroporous |aye26(-37) underneath the previously-forned
et ched- away | ayer (35); ning a further etched-away | ayer (39)

under neath the previously-formed macroporous |ayer (37), wherein the
further macroporous |ayerhe further etched-away |ayer (39) are in each
case forned by el ectrochem cal etching of the partial surface of the

sem congcioter$HPSEE aligrAdedsn an etching solution (7);

| Semiconductor substrate

3 Edge region

5 Protective layer
7 Etching solution
9 First electrode
11 Second electrode
13 Control device
15 Vessel

17 O-ring

19 Lamp

21 Tunnel

31 Channel

33 Macroporous layer

35 Etched-away layer

37 Macroporous layer

39 Etched-away layer

41 Carrier substrate

43 Circumferential region
45 Dielectric layer

47 Trench



(e2) mechanical separation of the -further macroporous |ayer ($7) fromthe
sem conduct or substrate (1), preferably after the upper nacroporous | ayer
(33) has been separated fromthe sem conductor substrate (1). 3. The nethod
according to claim2, wherein the nethod-related steps (b2) and (c2) are
repealed nultiple tinmes. 4. The nethod according to one of clainms 2 or 3,
wherein the entire sem conductor substrate (1), including several

naaer opor ous and etched-away | ayers (33, 35, 37, 39) formed -therein, prior
to the nmethod-related step (c) is sd jected to the fluid-nethod-rel ated
step in. which a fluid acts on the sem conductor substrate surface. 5. The
nmet hod according to any one of clains | to 4, wherein in the
fluid-nethod-related step the entire sem conductor substrate (1), including
macr eporous and etched-away | ayers (33, 35, 37, 39) forned therein, is

subj ecicgginis© an oxygen-contai ni ng atnmosphere in a high-tenperature step at
a tenperature of at |least 450 'C. The nethod according to any one of clains
1to5 whereinin the fluid-nethod-related step the entire sem conduct or
substrate (1), including nmacroporous and etch. .ed-away |ayers (33, 35, 37,
39) lined therein, is subjected to atom c | ayer deposition for the

deposi 1 oA n@fhqinfoafatmitgianlenst e thatyemiedndactoe myer abutrae 6fr thelufwtmfi ' C. 1
The net hod according tqQ any one of .clains 1 to 6, wherein in the
f1 ui d- netSebaceldy. stheepin thepnéthed eapises'seni conduct or substrate (1), including

e oo MRS SR 55, o7, 90 formd L Lo
a t enper ably formfngatn UppasmadiOPoroGs layer (33) on a partial surface of the semiconductor
substrate (1);
(c1) 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
formed by electrochemical etching of the partial surface of the semiconductor substrate (1)
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;
(e1) 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) forming a further macroporous layer (37) underneath the previously-formed etched-
away layer (35); ’
(c2) forming a further etched-away layer (39) underneath the previously-formed
macroporous layer (37),

wherein the further macroporous layer (37) and the further etched-away layer (39) are in



8. The method according to any one of claims | to 7, wherein during

el ectrochem cal etching of the several macroporous and etched-away | ayers
(33, 35, 37, 39) influencing paraneters can be adjusted in such a manner
that the pore structure and the | ayer thickness of the successively forned
macr oporous | ayers essentially remain identical. 9. The nethod according to
any one of clains | to 8, wherein a thin layer (53) is forned on outside
regi ons of a macroporous |ayer by a gas deposition process, wherein gas
pressure is selected to be adequatel2$ -1 ow so that depositing a thin |ayer
(53) on interior surfaces of the porous sem conductor |ayer substrate is

| argely prevented. 10. The nmethod according to any one of clains | to 9,
wherein order to support separation of a nmameroporous |ayer (33, 37), which
is situated on the outside, fromthe sem conductor substrate a trench (47)
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situated on the Ccropo heres to said carrier
subst r at ethe semitcheduct@rsnbdtrabnil).he sem conduct or substrate. The net hod for
manut heturing a solar cell, conprising: formng a thin sem conductor |ayer
substrate (33, 37) by neans of a nethod acco to any one of clainms 1 to 11,
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repeated multiple times.

4. The method according to one of claims 2 or 3, wherein the entire semiconductor substrate
(1), including several macroporous and etched-away layers (33, 35, 37, 39) formed
therein, prior to the method-related step (e) 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 1 to 4, wherein in the fluid-method-related
step the entire semiconductor substrate (1), including macroporous 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.

6. 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 etched-away
layers (33, 35, 37, 39) formed therein, is subjected to atomic layer deposition for the

deposition of an aluminum oxide layer at a temperature of below 500 °C.

7. 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 (33, 35, 37, 39) formed therein, is subjected to a high-temperature step in a dopant-
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containing atmosphere at a temperature of at least 700 °C.

8. The method according to any one of claims 1 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 1 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 1 to 9, wherein in order to support separation
of a macroporous 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 1 to 10, wherein a macroporous 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.

12. The method for manufacturing a solar cell, comprising:
forming a thin semiconductor layer substrate (33, 37) by means of a method according
to any one of claims 1 to 11;

forming doped regions (47) in the semiconductor layer substrate; and
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forming electrical contacts (51) on surface regions of the semiconductor layer

substrate.



