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(57) ABSTRACT

A substrate holder 1s provided with two kinds of grooves
(clearances) in the absorbing surface thereof. One kind of

oroove 1s made of a suitable depth so as to be able to quickly
exhaust air and reduce pressure to thereby vacuum mount a
substrate, and the other kind of groove 1s formed with a very
small depth within such a range that there 1s no ifluence of
dust being mterposed between the holder and the substrate,
in order to better the heat conduction between the substrate
and the substrate holder. In addition, the area of the latter 1s
made large as compared with the area of the former.

S0

f
/
¢
¢
’
/



Patent Application Publication Mar. 13,2003 Sheet 1 of 3 US 2003/0047289 A1l

43

41 471

4 4 “ 4

/ff/sf/ffg/ff/ff/ f/f/_#f/ff/“ff/*’!’;fr

50

FG.1C




Patent Application Publication Mar. 13,2003 Sheet 2 of 3 US 2003/0047289 A1l

50

60

L F ;

A A A '

A -,' HG, 7
: :
‘#”""‘#’.‘""’J



Patent Application Publication Mar. 13,2003 Sheet 3 of 3 US 2003/0047289 A1l

L
........ 20
o ] - -

AN NN NN NNRANNNNNANS

f" "’”4”"”

f
WAV AT 8N4 | ‘7 2

AR

¢

 Wmmptntgrteiopr gt

71

83

@I\Iﬂlml\l\lm

PNV 222222 A L7

4

v i 7.ar M

) 82

1

HG. 4

80

e A NN

NN

7,
.’r.r""':"".‘wr

81

ﬂﬁﬂ ﬁga ‘-ll
= Wt ¥ow oD o OO O

OO0 000 Qoo
OsS0 000 O00
OO OO0o0 oo o
SO0 o o v
= I B o B — g =

oo O

o Y — 2 = o O 0 o0 O

HG. 9



US 2003/0047289 Al

INTERMEDIATE SUCTION SUPPORT AND ITS
UTILISATION OR PRODUCING A THIN FILM
STRUCTURE

TECHNICAL FIELD

[0001] The present invention relates to an intermediate
suction support and 1ts utilisation for producing a thin film
structure.

STATE OF PRIOR ART

[0002] The introduction of gaseous species into a solid
material can be carried out advantageously by 10onic implan-
tation. Thus, the document FR-A-2 681 472 (corresponding
to the U.S. Pat. No. 5,374,564) describes a method for
manufacturing thin films of semiconductor material. This
document reveals that the implantation of a rare gas or
hydrogen 1n a substrate in a semiconductor material 1s
capable of inducing, under certain conditions, the formation
of micro-cavities or platelets (micro-bubbles) at a depth
close to the average depth of penetration of the implanted
ions. If this substrate 1s put into intimate contact, on its
implanted face, with a stiffener and a heat treatment is
applied at a suitable temperature, there 1s interaction
between the micro-cavities or platelets resulting 1n separa-
fion of the semiconductor substrate mto two parts; a thin
semiconductor film adhering to the stiffener on the one hand,
and the remainder of the semiconductor substrate on the
other hand. The separation takes place at the level of the
zone where the micro-cavities or platelets are present. The
heat treatment 1s such that the interaction between the
platelets or micro-cavities created by implantation 1s capable
of inducing separation between the thin film and the rest of
the substrate. Thus, one can transfer a thin film from an
initial substrate to a stiffener acting as support for this thin

film.

[0003] If the thin film is sufficiently thick to be carried on
its own, 1t can be separated by fracture at the level of the
embrittled zone, from the remainder of its substrate, without
any support. On the other hand, in the contrary case, the
separation by fracture of the thin film requires the utilisation
of a support or stiffener which allows both the grasp of the
film and enables fracture, avoiding the appearance of any
blisters on the surface of the film.

[0004] At present, the stiffeners used are integral with the
thin film, either by depositing a suitable layer, or by trans-
ferring a support and sticking by molecular adhesion or by
an appropriate glue. However, the present solution which
consists of using sticking by molecular adhesion requires a
surface preparation which can be delicate and costly. Fur-
thermore, gluing a support with glue does not allow later
high temperature operations on the thin film, 1n particular
because of the temperature hold limit of organic glues, and
the restrictions 1nvolved 1n high temperature operations and
contaminations 1n the case of 1norganic glues.

[0005] Furthermore, at present photovoltaic cells are pro-
duced either from monocrystalline semiconducting material
with large grains (1 mm) or from amorphous or polycrys-
talline semiconducting material with small grains (of the
order of 1 um). Examples of monocrystalline materials are
silicon, GaAs and 1n general substances of the III-V type. As
large grain polycrystalline material one can cite silicon.
Examples of amorphous or polycrystalline materials are
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amorphous silicon or compound materials such as CdTe or
CIS (Copper-Indium-Selenium).

[0006] Solid monocrystalline or polycrystalline materials
are expensive and one tries to reduce their thickness 1 order
to lower the costs. At present, for silicon, thicknesses are
typically between 200 and 300 ¢#m and the aim 1s to reduce
them to 100 um. Below a thickness of 100 um, 1t becomes
very difficult to manipulate large surface films used for
producing cells (>100 cm”).

[0007] Polycrystalline or amorphous materials have lower
conversion vyields than monocrystalline materials For
example, for single-crystal silicon the best yields obtained
are 24.8% whereas the best yields obtained with amorphous
silicon are only 12.7%.

[0008] An especially interesting solution would be to use
several thin films (of several um to several tens of um) of
monocrystalline or polycrystalline semiconducting material
on a substrate of large size and low cost such as glass or
ceramic. However, at present 1t 1s not known how to produce
this type of structure at a cost compatible with the cost of
photovoltaic cells.

[0009] Several methods have been proposed for producing
thin films or structures in single crystal silicon to manufac-
ture solar cells. Three of these are mentioned below.

[0010] The article “Thin-film crystalline silicon solar cells
obtained by separation of a porous silicon sacrificial layer”
by H. TAYANAKA et al., published 1n the 2nd World
Conference and Exhibition on Photovoltaic Solar Energy
Conversion, Jul. 6-10, 1998, Vienna (Austria), pages 1272-
1277, reveals a solution implementing the following struc-
ture: substrate of silicon—Iayers of porous silicon—Ilayer of
epitaxial single-crystal silicon. The solar cells are produced
in an epitaxial layer which 1s then glued to a film of
transparent plastic. The substrate 1s then separated at the
level of the sacrificial layers of porous silicon by applying
mechanical forces. This method has several disadvantages;
consumption of silicon (the porous layers are sacrificed), the
porous layers are formed 1n several stages 1n order to obtain
three different porosities, and the method 1s certainly diffi-
cult to industrialise.

[0011] The article “Waffle cells fabricated by the perfo-
rated silicon (W) process” by R. BRENDEL, published in
the work quoted above, pages 1242-124"/, reveals a solution
using a deposit of porous silicon on a textured silicon
substrate. A silicon layer i1s then epitaxied on the porous
silicon. The epitaxial film 1s separated from the substrate by
applying mechanical forces. This solution 1s very close to
that described in the preceding article and has the same
disadvantages.

[0012] The article “Characterisation of silicon epitaxial
layers for solar cell applications” by K. R. CATCHPOLE et
al., also appearing in the work quoted above, pages 1336-
1339, reveals a solution implementing an epitaxy in liquid
phase on a silicon substrate on which an oxide mask with
motives has been deposited. The silicon only epitaxies on
the zones not covered with oxide, which results 1n epitaxial
strips with the shape of a lozenge, when seen 1n cross-
section. The epitaxial layer 1s then detached from 1its support
by selective chemical dissolving of the most highly doped
zones at the epitaxied substrate-layer interface. This solution
certainly poses the problem of re-using the substrate a large
number of times.
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[0013] These three articles do not mention the transfer of
films or structures onto a large-size support for collective
production of cells. They refer to technologies that are often
delicate to implement.

DESCRIPTION OF THE INVENTION

[0014] The present invention makes it possible to com-
pensate for the disadvantages of prior art. It makes it
possible to obtain a structure comprising thin films deposited
on a low cost substrate (for example glass, ceramic or
plastic). It enables the consumption of semiconducting
material to be reduced to the minimum. It 1s simple to
implement and to industrialise. It allows the substrate pro-
viding the thin films to be reused many times. It enables
collective production of photovoltaic cells.

[0015] A first aim of the invention consists of an interme-
diate suction support, characterised 1n that i1t has at least one
suction surface mtended to receive a first face of at least one
substrate comprising an embrittled layer, a film then being
defined between the first face of the substrate and the
embrittled layer, the suction surface of the intermediate
support being the face with at least one suction element
comprising suction means provided so that, when the
embrittled layer 1s submitted to a treatment leading to the
separation of the film from the rest of the substrate, the film
can be recuperated.

[0016] An embrittled layer can be a porous layer or a layer
in which gaseous species have been implanted. The sepa-
ration treatment (which can be a combination of various
freatments) can in particular be a heat treatment or a
mechanical treatment.

[0017] The support according to the invention makes it
possible to avoid the formation of blisters and therefore to
avold recuperating the film in the form of chips. The suction
support according to the invention thus plays a role of
maintenance and of stiffener, and furthermore aids separa-
tion, for example by applying stresses 1n certain cases at the
level of the embrittled layer.

[0018] The suction element can be made of porous mate-
rial, the pores of this element constituting the suction means.

[0019] It can be pierced with micro-holes, the micro-holes
constituting the suction means, the arrangement of the holes
and their sizes being planned for recuperating the film.

[0020] According to another embodiment, the intermedi-
ate suction support comprises a wall pierced with holes, this
wall carrying at least one suction element, the arrangement
and the size of the holes 1n the wall being planned 1n function
of the suction means of said suction element so that the
suction element can enable recuperation of the film.

[0021] According to a variant, the contact between the
plate and the support 1s obtained by suction and, if the
surface condition 1s suitable, by molecular adhesion with
controlled sticking forces.

[0022] According to a further embodiment of the inven-
fion, the intermediate suction support comprises a wall
pierced with holes, this wall supporting a plate also pierced
with holes, the plate carrying several suction elements, the
arrangement and the size of the holes of the elements being
planned to allow recuperation of the film.
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[0023] The suction surface can have a dished shape,
convex or concave, making it possible to produce a
mechanical stress on the film during 1ts separation from the
rest of the substrate. These shapes facilitate separation.

10024] The face of the suction element can be a face
allowing molecular adherence with said first face of the
substrate.

[0025] A second aim of the invention consists of a method
for producing a thin film structure, comprising the transfer
of at least one film onto a support called a definitive support
by means of an intermediate support, characterised 1n that 1t
comprises the following stages;

[0026] formation of an embrittled layer embedded in
a substrate, a film thus being defined between the
first face of the substrate and the embrittled layer,

[0027] contact between the first face of the substrate
and a suction surface of the intermediate support, the
suction surface being the face of a suction element
comprising suction means provided so that, when the
embrittled layer 1s submitted to a treatment leading
to the separation of the film from the rest of the
substrate, the film can be recuperated,

[0028] submission of said embrittled layer to said
separation treatment, the first face of the substrate
being integral with the intermediate support through
suction,

[0029] transfer of the film obtained onto the definitive
support,

[0030] withdrawal of the intermediate support by
stopping the suction.

[0031] The contact between the first face of the substrate
and the suction surface of the mtermediate support can be
strengthened by molecular adherence. This adherence can be
controlled by appropriate treatment to allow sticking revers-
ibility.

[0032] The definitive support can support the film by
means of sticking through molecular adherence or by gluing

with an adhesive material. The adhesive material can be a
creep material set on the definitive support and/or on the thin

film.

[0033] Since the structure is a structure comprising thin
film photovoltaic cells, the method may comprise transfer-
ring mono-layer or multi-layer semiconducting films to form
a surfacing on the definitive support and the treatment of
these films 1n order to obtain photovoltaic cells from these

films.

[0034] Before transfer, these films can be partially or
totally treated 1n order to obtain said photovoltaic cells. They
can also, after transfer, be treated with a view to obtaining
said photovoltaic cells.

[0035] The transfer of the films can be made on a support
in a material chosen from amongst glass, ceramic and
plastic. It can be made with a surfacing of a shape chosen
from amongst rectangular, hexagonal and circular shapes.
The transferred films can be semiconducting material films
chosen from amongst monocrystalline and polycrystalline
materials with large grains.
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BRIEF DESCRIPTION OF THE FIGURES

[0036] The invention will be better understood and other
advantages and specialities will become clearer by reading
the following description, given as a non-limiting example,
accompanied by drawings in which:

10037] FIGS. 1A to 1F show the production of a structure

comprising thin film photovoltaic cells on a support, accord-
ing to the present invention;

10038] FIG. 2 shows a first intermediate support accord-
ing to the invention capable of supporting thin films by
depression;

10039] FIG. 3 shows a second intermediate support
according to the invention capable of supporting thin films
by depression;

10040] FIG. 4 shows a third intermediate support accord-
ing to the invention capable of supporting thin films by
depression;

10041] FIG. 5 shows, in detail, an intermediate support
clement according to the invention capable of supporting
thin films by depression.

DETAILED DESCRIPTION OF THE
EMBODIMENTS ACCORDING TO THE
INVENTION

[0042] The invention will now be described taking as
example the embodiment of a structure comprising thin film
photovoltaic cells on a support.

10043] FIG. 1A shows a silicon substrate 41 in which a
film 44 has been defined by an embedded fragile layer

containing microcavities 43 obtained by 1on implantation
The implantation can take place on a bare substrate, which
has possibly already undergone technological operations, or
with surface texturing. The implantation can also take place
through a layer (oxide or nitride for example), deposited on
the substrate. The implanted substrates can also undergo
technological operations. These operations can have an
impact on the fracture conditions, 1n particular an epitaxy
intended to increase the thickness of the silicon film. The
embrittlement operations through ion 1mplantation must be
made compatible with the technological operations. This

subject can be consulted by referring to document FR-A-2
748 851.

10044] FIG. 1B shows two substrates 41 set on a suction
support 50 on their film side 44.

10045] FIG. 1C shows the result obtained after separation
of the films 44 from their substrates, the separation being, for
example, obtained by heat treatment.

[0046] An epitaxy can then be carried out from the free
faces of the films 44 and one can proceed to various
technological operations to obtain the result shown 1n FIG.
1D. These operations can comprise the production of N and
P contacts with their associated doping (or regions).

10047] The free faces of the films 44, still maintained on
their suction support 50, are then stuck on the definitive
support 40 which, for example, comprises interconnections
48 between cells (see FIG. 1E). The definitive support 40
can be 1n glass, ceramic, or plastic. Depending on the nature
of this definitive support, the sticking can be achieved
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through the intermediary of metallic layers, through the
intermediary of a layer of glass or cold flow oxide or an
adhesive substance.

[0048] The intermediate support is withdrawn by stopping
the depression and then, possibly, by a slight re-pressure
allowing-easier separation of the mtermediate support from

the films.

[10049] As shown in FIG. 1F, the withdrawal of the inter-
mediate support makes 1t possible to obtain, 1n a collective
manner, the structural cells (production of connections etc.).

[0050] Generally speaking, the thickness of the semicon-
ducting films can be increased, after transfer onto a support,
by epitaxy. If the support can be raised to a sufficient
temperature for epitaxy, this can be carried out in the normal
way 1n vapour or liquid phase. If the support cannot be raised
to high temperature (the case of silicon on a glass support or
of a technology only partly developed), the thickness of the
silicon film can be increased by making a deposit of poly-
crystalline or amorphous silicon at low temperature and
re-crystallising this film by laser heat treatment (fusion of
this deposited layer and a part of the thin film of single
crystal silicon, so as to obtain an epitaxy when cooled).

[0051] The technology for producing the cells can be
classic (heat treatment in a furnace) if the substrates and the
sticking mode chosen can withstand high temperatures. If
this is not the case (in particular if the final support is glass
or if gluing with materials not able to withstand high
temperatures is used), heat treatments (epitaxy, diffusion
doping, annealing etc.) can be carried out with a laser beam,
which makes it possible to heat the thin surface film (up to
liquefaction 1f necessary), without heating the glass.

[0052] The suction support can comprise a plate pierced
with many small diameter holes or a plate of porous mate-
rial. The thin films, set on the front face of the plate, are
maintained there creating a depression on the rear face of the
plate.

[0053] FIG. 2 is a cross-section of a first intermediate
support able to support thin films by depression. It 1is
constituted of a chamber 60 whose 1nterior can be connected
to a depression device by means of a neck 61. The chamber
60 has a plane wall 62, pierced with small diameter holes or
micro-holes 63. The size and distancing of the micro-holes
are determined by the rigidity of the thin films to be
manipulated. The micro-holes must be smaller and closer
when the films are less rigid Accordingly, the surface state
of the wall 62 must be better when the rigidity of the film 1s
weaker.

10054] FIG. 3 1s a cross-section of a second intermediate
support capable of supporting thin films by depression. Just
like the intermediate support of FIG. 2, 1t comprises a
chamber 70 with a neck 71. The chamber 70 also has a plane
wall 72 pierced with holes and supporting a flat plate 73
pierced with micro-holes 74. The plate 73 1s fixed to the wall
72 by elements not shown, and not disturbing 1ts operations.
The distribution and the size of the holes 1n the wall 72 and
the distribution and the size of the micro-holes 1n the plate
73 are such that the plate 73 provides an active surface with
uniform suction. This configuration makes it possible to use
a suitable pierced plate, for example with the possibility of
making micro-holes through a collective method and/or 1n a
material adapted to the thermal expansion coefficient of the
thin films.
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10055] FIG. 4 1s a cross-section of a third intermediate
support capable of supporting thin films by depression. As
for the support of FIG. 3, a chamber 80 can be seen,
provided with a neck 81. The chamber 80 also has a plane
wall 82 pierced with holes and supporting a plane support 83
pierced with smaller diameter holes. The plane plate 83 1n its
turn supports flat plates 84 pierced with micro-holes. The
diameters of the holes and their spacing in the wall 82, the
plate 83 and the parts 84 are such that the parts 84 each
provide a uniform suction surface. This configuration has the
advantage of being much easier to produce and to use. In
fact, the parts 84 can be made from the same material as that
constituting the films to be transferred. Thus all problems
linked to differential dilatation during heat treatment are
avolded. For example, they can be 1n silicon 1if the thin films
are 1n silicon. Furthermore, the production of small dimen-
sion parts 1n silicon 1s easier than the production of a large
dimension silicon plate.

[0056] FIG. 5 is a view 1n perspective of an example of a
part with reference number 84 mm FIG. 4. This part 1s
so-called flat in the meaning that it offers, on the front face,
a flat surface 91 for the film to be supported.

[0057] A part 84 in silicon can be obtained by engraving
a plate of silicon 500 um 1n thickness. Longitudinal cavities
92 of 1 mm width and 450 um depth are engraved from the
rear face of the plate. On the front face, a thin wall 93
remains, of 50 um thickness, in which holes 94 of 20 um
diameter are made and spaced, for example, by 100 um. The
holes 94 can also have a diameter of 5 um and be spaced by
20 uym. A film of 1 yum thickness can be maintained on such
a part without breaking and with very little deformation.

[0058] The thin wall 93 can be replaced by a porous film
produced, for example, by anode oxidation of silicon. The
thickness of this porous film can typically be 10 um.

1. Intermediate suction support, characterised in that 1t has
at least one suction surface (62, 91) intended to receive a first
face of at least one substrate (41) comprising an embrittled
layer (43), a film (44) thus being defined between the first
face of the substrate and the embrittled layer, the suction
surface (62, 91) of the intermediate support being the face
with at least one suction element comprising suction means
(63, 74, 94) provided so that, when the embrittled layer is
submitted to a treatment leading to the separation of the film
from the rest of the substrate, the film can be recuperated.

2. Intermediate suction support according to claim 1,
characterised 1n that-the suction element 1s in a porous
material, the pores of this element constituting the suction
means.

3. Intermediate suction support according to claim 1,
characterised 1n that the suction element 1s pierced by
micro-holes (63), the micro-holes constituting the suction
means, the arrangement of the holes and their size being
determined to enable recuperation of the film.

4. Intermediate suction support according to claim 1,
characterised in that it comprises a wall (72) pierced with
holes, this wall supporting at least one suction element (73),
the arrangement and size of the holes 1n the wall being
defined in function of the suction means of said suction
clement so that the suction element can enable recuperation
of the film.

5. Intermediate suction support according to claim 1,
characterised in that it comprises a wall (82) pierced with

Mar. 13, 2003

holes, this wall supporting a plate (83) also pierced with
holes, the plate supporting several suction elements (84), the
arrangement and size of the holes in the elements (84) being
defined to enable recuperation of the film.

6. Intermediate suction support according to any one of
claims 1 to 5, characterised 1n that the suction surface has a
dished shape, convex or concave, making 1t possible to
produce a mechanical stress on the film during its separation
from the rest of the substrate.

7. Intermediate suction support according to claim 1,
characterised 1n that the face of the suction element 1s a face
allowing molecular adherence with said first face of the
substrate.

8. Method for producing a thin film structure, comprising,
the transfer of at least one film onto a support called the
definitive support by means of an intermediate support,
characterised 1n that 1t comprises the following stages:

formation of an embrittled layer (43) embedded in a
substrate (41), a film (44) thus being defined between
the first face of the substrate and the embrittled layer,

contact between the first face of the substrate (41) and a
suction surface of the intermediate support (50), the
suction surface being the face of a suction element
comprising suction means provided so that, when the
embrittled layer 1s submitted to a treatment leading to
the separation of the film from the rest of the substrate,
the film (44) can be recuperated,

submission of said embrittled layer (43) to said separation
treatment, the first face of the substrate (41) being
integral with the intermediate support through suction,

transfer of the film (44) obtained onto the definitive
support (40),

withdrawal of the intermediate support (50) by stopping
the suction.

9. Method according to claim 8, characterised in that said
contact of the first face of the substrate with the suction
surface of the intermediate support 1s reinforced by molecu-
lar adherence.

10. Method according to claim 8, characterised 1n that the
definitive support (40) supports the film (44) by means of
sticking by molecular adherence.

11. Method according to claim 8, characterised in that the
definitive support supports the film by means of gluing with
an adhesive material.

12. Method according to claim 11, characterised in that
said adhesive material 1s a flow material set on the definitive
support and/or the thin film.

13. Method according to any one of claims 8 to 12,
characterised in that, the structure being a structure com-
prising thin film photovoltaic cells, the method comprises
the transfer of mono-layer or multi-layer semiconducting
films to form a surfacing on the definitive support and the
treatment of these films to obtain photovoltaic cells from
these films.

14. Method according to claim 13, characterised in that
the films are, before transfer, partly or totally treated with a
view to obtainming said photovoltaic cells.
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15. Method according to one or the other of claims 13 or
14, characterised in that, after transfer, the thin films (44) are
treated with a view to obtaining said photovoltaic cells.

16. Method according to any one of claims 13 to 15,
characterised in that the transfer of the thin films (44) is
carried out on a support 1n a material chosen amongst glass,
ceramic or plastic.

17. Method according to any one of claims 13 to 16,
characterised 1n that the transfer takes place according to a
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surfacing having a shape chosen from amongst rectangular,
hexagonal and circular shapes.

18. Method according to any one of claims 13 to 17,
characterised in that the transferred films (44) are films of
semiconducting material chosen amongst the monocrystal-
line and polycrystalline materials with large grains.
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