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particularly, the invention relates to equipnment for the synthesis of
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films the wutilizes pressure, heat%&l@ﬂ)r | ayer exerted pressure
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previ ous net hods has char a%ﬁ?@t@tﬁaﬂ&fmb@ﬁa r applicability to the
econom cal manufacture of films wth properties suitable for application
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phosphoraél LAY BERYr (opto-)electronic materials control the physical
properties tHhat deﬂ)ecruséimeoﬂﬂhhdialateﬂmitcacy for their respective intended

uses. Thin fi £I.3 Jar con than thick, film
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These Iayers feact & rm xe uni orm
conposi tdependgg omtirecﬁg@:hmvctmh@fﬂmmméd Thhtakpled defeetsufuaturs isictitich] forthd i | ns
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denonstrate base erent eratures, yers, and
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i ndium a sel eni de that have been
sequentl al | y Hepbki entidalabsdripps ﬂtr%mp@remmm@@mgi thick film phsprbers or eandson of

because they require a smaller amount of the precursor materials than thick films or coatings. The
formation of thin films with desirable defect properties is predominately determined by the method by
25 which they are synthesized. Early efforts to fabricate thin film CIS PV devices that relied on the
steady-state co-deposition of the constituent elements copper, indium, and selenide were not very
successful'. The first efficient thin film CIS PV devices were achieved by a two-step process that
relied on the sequential deposition of two layers onto a substrate at high temperature, each with
different composition. These layers reacted and intermixed to yield a nominally uniform composition
30 throughout their combined thickness, and resulted in films with desirable defect structures®*
Variations of this method have been demonstrated, based on different temperatures, numbers of
layers, and compositions thereof.>°. Other fundamentally different approaches have been described
that rely on, for example: (1) heating stacked layers of the metals (e.g., copper, indium and gallium)

and selenide that have been sequentially deposited at low temperatures”, (2) thermal reaction of
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substrate; formng a conposition |layer; and noving the first substrate
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coupledtﬁo th ‘ﬁﬁgl d substrate. According to another aspect of the
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conprises: providing a surfactant as an Inpurity wthin at eaSt one of a
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precurs r <ol , ]
O e S R L SN
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conprises: a first holdef; a sécond he ~coupled to the first holder; a
| i nkage avoiipiasprct of thhavenbion g methiod eompyises: taqeting @ demmlathiyithin pt least onswéafirse i r st
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hol der, ‘the reusable tool including a raised patterned surface; an
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25 substrate, wherein the composition layer remains coupled to the second substrate. According to
another aspect of the invention, a method comprises: providing a surfactant as an impurity within at
least one of a first precursor layer that is coupled to a first substrate and a second precursor layer that
is coupled to a second substrate; forming a composition layer; and moving the first substrate relative
to the second substrate, wherein the composition layer remains coupled to the second substrate.

30 According to another aspect of the invention, an apparatus comprises: a first holder; a second holder
coupled to the first holder; a linkage coupled to the first holder and the second holder to move the first
holder relative to the second holder; a reusable tool coupled to the first holder, the reusable tool
including a raised patterned surface; and a release layer coupled to the raised patterned surface of the

reusable tool. According to another aspect of the invention, a composition comprises: a composition
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conprises: a conposition WO 03/026028 PCT/ US02/29684 -3 l|layer defining a
first surWweog/namds a second surface, the conposition | ayer PChaiSozi29egs a
collection layer that is located closer to the first surface than to the
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to produce a ayer on an el ectrode coate rate, representing
an oonommltl@flabteh@nilﬁ%bérﬂﬁq, eanresenfingz® enghHRdgRN| qflthﬁstl‘featl@ schematic side

views of a 5%&@%@% isirdtd ZnBHatRTsRIE SR%s bPa ;L}B&Qs%%roﬁu&' &8 b RVRE 1298 0"
el ectrode coated substrate, representi ng an enbodi nent of the 1 nvéntion.
an electrode coated substrate, representlng an embodiment of the invention.

FIGS. 3A-3D illustrate schematic side views of a pressure containment utilizing process to

produce a CIGSS layer on an electrode coated substrate, representing an embodiment of the
25 invention.

FIGS. 4A-4B illustrate schematic side views of an electrostatic field utilizing process to
produce a CIGSS layer on an electrode coated substrate, representing an embodiment of the
invention,

FIGS. 5A-5B illustrate schematic side views of a template utilizing process to produce a

30 CIGSS layer on an electrode coated substrate, representing an embodiment of the invention.

FIGS. 6A-6B illustrate schematic side views of a surfactant utilizing process to produce a
CIGSS layer on an electrode coated substrate, representing an embodiment of the invention.

FIG. 7 illustrates a schematic sectional view of a PV device that incorporates an absorber

layer formed on an electrode coated substrate, representing an embodiment of the invention.



FIG 7 illustrates a schematic sectional view of a PV device that

i ncor porates an absorber layer fornmed on an el ectrode coated substrate,
repr esentwogsancoesrbodi ment of the invention. WO 03/ 026028 PeC/S05208L29684
-4 FIG 8 illustrates a schematic el evational view of a systemthat

i ncorporates a pI urality of PV devi cés shown in FIG 7. FIGS 9A- 9B
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t he purpose of Icating t ackgroun I nventi on
| I I ust randwvgng hlefemeémebqﬁlimetntseoféretmvezt@nTheglggeb:si Wwaycd tiliusimatiofh onliiiand gyl i cat i on

is siml il -
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Sept enbepiri @nd/czr@@ope ehthe ondedying inykive mcenqmﬂlé?e@@sm,arem tethogeskillegin the art

09/ 957, Q§ his Idé%%@‘%g 1Septenber 20, 2001 (attorney docket no. HELE: 004US);

U S. Ser. 23 filed on Septenber 20, 2001 (attorney docket no.
HEL#E 005US) ; "Witlein tigeapplication gy¢ralpmbliatorsiateaafersnccddy Sastsent dyrabxonuneods

(attor n%ll@ﬂ&tﬁ)‘ﬁg fd? ﬂresﬁ%tﬁp %U@oatuﬁ'@ qnayb§fou§?£t theN?Id oP@E %Zl’ﬁla?ﬂ%nf iled on

Sept enber 20, 2001 éat orney docket no: , the entire contents of
al | of vimmsHiatghwrersdingihe clajise Ehesdlsﬂlqswemfaﬂrﬂ&ﬁ@albbgﬂtlpl@rleﬂ@ﬁ@@lrmqseten for all

purpos eci’lereby expressly incorporated by reference herein for the purpose of indicating the background of the
invention and illustrating the state of the art.

25 The specification of this application is similar to U.S. Ser. No. 09/957,132, filed on
September 20, 2001 (attorney docket no. HELE:002US); U.S. Ser. No. 09/957,207, filed on
September 20, 2001 (attorney docket no. HELE:003US); U.S. Ser. No. 09/957,050, filed on
September 20, 2001 (attorney docket no. HELE:004US); U.S. Ser. No. 09/957,123 filed on
September 20, 2001 (attorney docket no. HELE:005US); U.S. Ser. No. 09/957,125 filed on

30 September 20, 2001 (attorney docket no. HELE:006US); and U.S. Ser. No. 09/957,121 filed on
September 20, 2001 (attorney docket no: HELE:007US), the entire contents of all of which are hereby
expressly incorporated by reference herein for all purposed.

The below-referenced U.S. Patents disclose embodiments that were satisfactory for the
purposes for which they are intended. The entire contents of U.S. Pat. Nos. 4,392,451 to Mickelsen, et

35 al., issued July 12, 1983; 4,523,051 to Mickelsen, et al., issued June 11, 1985; Re. 31,968 to
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sequence of process ste DS a first substrate I's coupled to
removing, by etching and/or mechanical motion. It may be desirable not to modify a portion of the

(

first substrate, for example not remove that portion so that it remains on the composition layer. The
surfaces can then be moved relative to one another resulting in release of the unified layer(s) from one
of the original surfaces and/or adhesion of the unified layer(s) to only one of the original surfaces.

30 FIGS. 1A-1D show a sequence of process steps. In FIG. 1A, a first substrate 110 is coupled to
a release layer 120. The release layer 120 is coupled to a first precursor layer 130. A second substrate
140 is coupled to a second precursor layer 150. In FIG. 1B, the first precursor layer 130 and the
second precursor layer 150 have been brought into contact so they can interact directly. The contact is
preferably intimate to establish and maintain a planar interaction front. In FIG. 1C, a composition

35 layer 160 has resulted from the interaction. In FIG. 1D, the first substrate 110 and the release layer
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because ey are designed In palrs, one sitron ont each of the two
sur f aceswifhethgdesiredomimposition (and gradlents thereof), structure and defect distributions.

These precursor structures (e.g., layers) are different from those previously described in the
art because they are designed in pairs, one for deposition onto each of the two surfaces (e.g., tool
surface and substrate surfaces). The substrate upon which the unified composition layer is formed by

30 the interaction of the pair of precursors can remain as part of an assembly containing the composition
layer.

The other substrate can be a reusable tool composed of, for example, silicon. The working
surface of the reusable tool can be coated with a release layer composed of, for example, calcium
fluoride, strontium fluoride and/or their alloy (Ca,Sr)F,. Such a reusable tool can be used to apply

35 pressure, as a counter-electrode for electrical biasing, and/or as a crystallographic template to control
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25 molybdenum electrode 245. The molybdenum electrode 245 is coupled to a copper selenide precursor
layer 250. In FIG. 2B, the indium selenide precursor layer 230 and the copper selenide precursor layer
250 have been brought into intimate contact. In FIG. 2C, a chemical reaction product layer 260 (CIS)
has resulted from the interaction. In FIG. 2D, the reusable tool 210 and the calcium fluoride release
layer 220 have been moved away from the chemical reaction product layer 260 which remains on the
30 compliant substrate 240.

In this example, CIS films are formed by the deposition of binary copper monoselenide onto a
molybdenum-coated substrate and indium sesquiselenide onto a calcium fluoride-coated silicon
substrate. Since the substrates are separate, the deposition of these precursor layers can be done at
different temperatures. When these composites are brought together under mechanical pressure and

35 rapidly heated to an appropriate temperature of above approximately 520°C but below approximately

635°C, only the copper monoselenide layer will melt.
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force between the first precursor and the second precursor, thereby adding to pressure that is

n
I

otherwise exerted mechanically. Further, the overall pressure can be controlled (e.g., modulated)
without mechanical manipulation by changing the applied electric field.
The electrical bias during the synthesis process can be applied in a large number of ways and
30 the optimal technique will depend on the details of the materials used for the various parts. If the
release layer is an electrically insulating material and the reusable tool conductive, the bias is
preferably applied between the electrode layer and the tool. The closer that the biased surfaces are
brought together the higher the electric field strength across the precursor layers during the synthesis
process for any given potential difference between those electrodes. In any case it is desirable that
35 there is at least one non-conducting layer separating the biased electrodes so that electrical current

does not flow between them when their precursor layers are brought into contact with one another.
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chemical guldmg force to attach to that surface, unless one is also transporting copper into it. If the

selenide is allowed to attach faster than the copper, a phase transition would then occur that could
30 cause solidification within that liquid layer. Faster selenide attachment involves a shift over to the
side of the binary phase diagram where the dominant stable specie is di-copper selenide, Cu2Se. In
contrast, with slower selenide attachment the dominant stable specie is closer to CuSe. By reverse
biasing, the diffusion of copper into the indium-selenide layer can be inhibited. A build up of copper
in that layer occurs faster than rolling up the selenide. It is undesirable to move toward the Cu2Se
35 side of the phase diagram and precipitate solid Cu2Se crystals. The field can be used to control the

relative transport rate. In this example, the interaction is a transport-related reaction. The desired



There can be expl osive kinetics involved. The electrostatic field can be
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The tenplate can be used to transfer neta-symetry from
sublattlce sites in this structure. Gallium and germanium can be alloyed among the Group 3 lattice

sites. Sulfur and selenide can be alloyed on the Group 6 sites. The prototypical compound for these
30 examples is copper indium diselenide. And all of these compounds, if they have sufficient copper,
will be characterized by face centered cubic stacking of the selenide sublattice rather than hexagonal.
The idea of alloying Group 1 elements into the front surface (between the release layer and the
precursor bulk) is to create a part of that layer which will be transferred that is already characterized
by the desired FCC structure for the group 6 sublattice, which is the one that sulfur and selenide lie

35 on. If one creates a very highly ordered layer, even though that layer may be very thin, it will act as a
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constraining t surface of the group rich layer against the release
| ayer Ofmqtﬁ@ls()e”[]g aWifastant lowers surface tension. The surfactant can improve diffusion rates, improve

the crystallographic structure, defect properties and/or planarity.
The sodium may prevent the formation of local defects which can lead to an undesirable

crystallographic structure. The sodium tends to aggregate at the interface of the high copper region
30 and the high indium region. It can be desirable to alloy the sodium during the deposition of the

indium selenide layer to have a substantial sodium content near the release layer. If a high copper

layer is located between the release layer and an adjoining sodium impurity containing sublayer of the

indium selenide, the sodium impurity containing sublayer will ride on the interface between the high

indium and the high copper, and retard the incorporation of copper except at that interface. This can
35 involve forming a junction crystallographic region first, and then incorporating sodium behind that

region. Aluminum can be included in the region adjoining the release layer. The aluminum will be
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to prevent excessive sodium build-up or, alternatively, increase the sodium concentration if it is too
low.

30 All of the techniques described in the preceding example of a preferred embodiment of an
approach for CIS synthesis do not need to be used together in order to provide a superior alternative
to existing approaches. For example, the precursors described above could both be deposited onto the
molybdenum surface and the calcium fluoride-coated silicon substrate coated with a very thin film of
CIS, CIGS, CIGSS, or ACIGSS before the assembly is brought together under pressure. In either

35 case, the use of calcium fluoride as an interlayer between the precursors and the silicon serves the

multiple functions of a release layer, a diffusion barrier to the thin film’s elemental components, a
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substrate becapsf, é)@ﬁlple of a partial implementation of the preceding example of a preferred CIS

embodiment would be to omit the template. The pressure exerted between the precursors, the
electrostatic field, the surfactant(s), the magnetic field and/or catalyst(s) would still be sufficient to

30 drive the interaction between the precursors. Many of the benefits described here will still accrue in
the situation where no appropriate epitaxial dielectric is available. For example, a non-epitaxial
dielectric layer of alumina oxide would still act as an effective atomic diffusion and current barrier,
but without the benefits of transferring a desirable crystallographic orientation and grain structure
from the tool into the growing film.

35 Another example of a partial implementation of the preceding example of a preferred CIS

embodiment would be to omit the process facilitator (e.g., surfactant). The pressure exerted between
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couﬁ ed egcgmﬂe in the case of CIGSS synthesis, it is preferable that at least one of these precursor layers
contains an alkali impurity such as sodium to facilitate the formation and stability of smooth, planar
compositional interfaces during the reaction between the fluid and solid phases created by melting of
one of the precursor layers after they are brought into contact with one another. Since the function of
surfactants occurs at the interface between the precursors and sublayers of different compositions,

30 within those layers, the surfactant(s) may be initially distributed within one or both of the precursors
predominately at their respective free surfaces. Alternatively, the surfactant(s) may be initially
distributed between the release layer and its coupled precursor layer, especially if a group I rich
template layer is located between the surfactant and the release layer. One consequence of this
method of introducing a surfactant is that it will not be distributed predominately at the free surface of

35 the final reaction product film, in contrast to all other reported methods. This can be an important
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Referring now to FIGS. 5A-5B, a template can be located within the subassembly composed

by the reusable tool and the (In,Ga),(S,Se),., layer. This can be implemented by adding some of the
30 copper required to achieve the desired overall composition into the predominately (In,Ga),(S,Se),.,
layer or a sublayer thereof. For example, a sublayer with an overall atomic ratio of copper to indium
plus gallium of about one-fifth (0.2 = [Cu]/([In}+[Ga])) to one-half may be added at the precursor’s
interface with the release layer, at that precursor’s free surface, or throughout its entire thickness.
FIGS. 5A-5B show an example of locating multiple templates next to the precursors.
35 Referring to the upper subassembly of FIG. 5A, a reusable tool 510 is coated with a release layer 520.

As discussed above, when the release layer has a composition defining a crystalline structure that
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case of absor ber ayer
sodium containing layers 627 is preferred since it may more predictably and controllably float down

as diffused copper accumulates. The accumulation of diffused copper above the sodium containing
30 layer 627 is discussed in more detail above. In FIG. 6B, a CIGSS absorber layer 660 is shown
sandwiched between a residual aluminum copper saturated layer 675 and a collection layer 685. The
residual aluminum copper saturated layer 675 corresponds to the aluminum copper saturated layer
625. The collection layer 685 is a zone for the collection of whatever is not incorporated in the
absorber layer 660. The collection layer 685 provides process tolerance. The region of the absorber
35 layer 660 near the electrode layer 645 is an acceptable zone for the precipitation of secondary phases

that contain excess reactants. By precipitating these secondary phases, they can be irreversibly bound
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30 compliant.

The metal electrode preferably includes molybdenum metal, but may be a multilayered
structure including other metallic layers such as titanium. In this case, the titanium can be either
sandwiched between molybdenum layers as etch-stop layers or located at the back interface with the
compliant substrate in order to promote adhesion of the remainder of the electrode with the compliant

35 substrate.
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preferred embodiments of the invention can be identified one at a time by testing for the presence of
uniform composition at a given depth in the composition layer. The test for the presence of uniform
30 composition at a given depth in the composition layer can be carried out without undue
experimentation by the use of a simple and conventional dynamic SIMS (secondary ion mass
spectroscopy) experiment. Among the other ways in which to seek embodiments having the attribute
of uniform composition at a given depth in the composition layer guidance toward the next preferred
embodiment can be based on the presence of uniform performance (e.g., electrical, photovoltaic,

35 chemical, etc.).
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depth in the conposition 1ayer can be carfied out w thout undue
experi rre(n?tébﬁ“@ﬁ by the use of a sinple and conventional dynanmic SIM

(secondary i OAl, {HPcFlection layer is not necessary with these materials. The buffer layer acts as an anti-
reflection coating. The stack of materials described has a graded index of refraction. The refractive
index drops from window to electrode. The refractive index of zinc oxide window is lower than the

30 index of the buffer which is lower than that of the absorber. In this way, the structure builds in an
anti-reflection characteristic. A problem with anti-reflection coatings is, that the in these particular

type of devices, the enhancement in performance is usually not worth the extra cost.

Systems that Incorporate the Devices
35 Referring to FIG. 8, the invention can include systems that incorporate devices that include

the material layer(s). FIG. 8 depicts a mobile electric power generating system. An array of solar cells
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25 geometrical patterns which can be tiled by multiple applications of the tool(s) to cover substantially
all of the substrate’s surface (e.g., triangles, parallelagrams, etc.).

After the release layer 920 of the tool 910 has been coated with its appropriate precursor layer
it is placed in contact with the substrate that has been coated with the other reactant precursor. If the
tool has been already been preheated to the desired reaction temperature, pressure should be applied

30 immediately. It may be preferable to preheat the tool and substrate to an initially lower temperature so
that they may be brought into contact first and then rapidly heated while their contact pressure is
increased. The pressure can be increased by increasing a mechanically applied force and/or by
increasing an applied electrostatic field. The pressure can be similarly decreased.

One of the potential problems with using calcium fluoride as a release layer is that the

35 material is mechanically soft. It may be desirable to, after transferring the product layer off of the

release layer surface, recycle the release layer coated tool to a substantially higher temperature in
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via an electrical contact to the wafer. Of course, these rapid heating methods can be combined.
Referring to FIG. 10, an apparatus for implementing this process need not necessarily handle

each tool as a separate entity. Tools may, for example, be placed together into an array on a larger
platen, which is then treated as a meta-tool in the same manner as described above. For this variation

30 of the apparatus design it may be preferable to shape a plurality of individual tools as hexagon shaped
wafers, rather than providing a hexagonal relief on a round silicon wafer, to define the contact area
between the meta-tool and substrate. Multiple step-and-repeat transfer steps might be required to
create a close-packed tiled array of reactant product film areas over a large substrate, particularly if
the ganged-wafer tool is itself not a close-packed tiled array.

35 FIG. 10 depicts a tool-mounting platen 1010 used to gang together individual hexagonal
wafers 1020 (and half-wafers 1030). The platen 1010 can provide parallel electrical contacts to these
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required if the drum is made of solid silicon. There are good mechanical reasons to use a bonding
alloy as well, such as thermal expansion considerations. Further, it may be more cost-effective to
make the drum out of strips of silicon rather than a whole cylinder of silicon.

30 It is desirable that the release layer stay on the tool when the composition layer is transferred
off the release layer. As noted above, the invention can include an optional adhesion layer between
the tool and the release layer. The release layer can be part of the tool and preferably remains part of
the tool after separation. Whether such an optional adhesion layer is needed depends on the material
used for the release layer and for the body of the tool. If the body of the tool, for example is silicon,

35 and the release layer, for example is calcium fluoride, there may be no need to introduce an adhesion

layer in between the two. The adhesion between those surfaces is by an epitaxial transition that
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anot type o st useful for processing
either a co ntThq Glyaesiati¢ Geld ps$pestiopthe invention can be carried out by using any voltage

application technique. It is preferred that the voltage application technique be controllable over a
wide range of voltages, most preferably within a short time domain. However, the particular
technique used to apply the voltage is not essential to the invention as long as it generates the
30 described electrostatic field. The apparatus used to apply the voltage can be made of any electrically
conductive material. It is preferred that the electrically conductive material be heat resistant,
corrosion resistant and amenable to cleaning. However, the particular apparatus used to apply the
voltage is not essential to the invention as long as it is capable of generating the required field.
The particular deposition process used for providing the templates should be inexpensive and
35 reproducible. It is preferred that the process for applying the template be sputtering followed by

plasma discharge, particle deposition, physical vapor deposition and/or chemical vapor deposition.
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avaifj abl c%mgﬁgigé {-i.@.l, o&ﬂ%ﬁ@u&égf??‘hé Q0 coupled, as used herein, is defined as connected, although

not necessarily directly, and not necessarily mechanically. The term approximately, as used herein, is
defined as at least close to a given value (e.g., preferably within 10% of, more preferably within 1%
of, and most preferably within 0.1% of). The term substantially, as used herein, is defined as at least
approaching a given state (e.g., preferably within 10% of, more preferably within 1% of, and most
30 preferably within 0.1% of). The term deploying, as used herein, is defined as designing, building,
shipping, installing and/or operating. The term means, as used herein, is defined as hardware,
firmware and/or software for achieving a result. The term program or phrase computer program, as
used herein, is defined as a sequence of instructions designed for execution on a computer system. A
program, or computer program, may include a subroutine, a function, a procedure, an object method,

35 an object implementation, an executable application, an applet, a servlet, a source code, an object
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i ntercon Iscrete hardware el enents. For instance, the invention can
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generi ca lned to I nc coatl ngs an ructures. The
termc oatpln@meats mgy belsubetitetedhfor the sshmg@ﬁ descuteldhgreieFurthed V@r@tlpmmhnbhsmadw n
films, tig itl%ksteps or in the sequence of steps composing methods described herein.
Further, although the compositional layer described herein can be a separate module, it will
be manifest that the compositional layer may be integrated into the device and/or system with which it
30 is associated (e.g., a photovoltaic devices including the compositional layer as an absorber between an
electrode and a buffer layer). Furthermore, all the disclosed elements and features of each disclosed
embodiment can be combined with, or substituted for, the disclosed elements and features of every
other disclosed embodiment except where such elements or features are mutually exclusive.
It will be manifest that various substitutions, modifications, additions and/or rearrangements

35 of the features of the invention may be made without deviating from the spirit and/or scope of the

underlying inventive concept. It is deemed that the spirit and/or scope of the underlying inventive



films and thicker structures. The term conposition, as used herein, is
generically defined to include inorganic and organi c substances such as,
but not I|woioB®ezkoe®, chem cal reaction products and/ or physirash2/eesct i on
products. The term sel enide, as used hgrein is defined as a material that
i ncludes the 20 el ement sel eni um and does not include enough oxygen to

precipitate a separate sel enate base; oxygen nmay b resent in selenide.
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, 4 S .
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sed her Sien o SR PGP R o b 0 iy e OGN b o e SR e
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is defined as at ea§t closg.to a iven value (e.g., preferably within 10%
of , nor eapﬁ?“éiF‘iiieé’B’F LIRS 88T SPVAEMY npst preferably within 0.1%of). The
termsubstantially, as used herein, is defined as at |east approaching a
given state (e.g., preferably within 10% of, nore preferably within 1% of,
and nost 30 preferably within 0.1% of). The term depl oyi ng, as used herein,
is defined as designing, building, shipping, installing and/or operating.
The term nmeans, as used herein, is defined as hardware, firmare and/or
software for achieving a result. The term program or phrase conputer
program as used herein, is defined as a sequence of instructions designed
for execution on a conputer system A program or computer program may

i nclude a subroutine, a function, a procedure, an object nmethod, 35 an

obj ect inplenentation, an executable application, an applet, a servlet, a
source code, an object WD 03/026028 PCT/ US02/ 29684 -25 code, a shared

i brary/dynamic load library and/ or other sequence of instructions designed
for execution on a conputer system Practical Applications of the

I nvention 5 A practical application of the invention that has value within
the technological arts is the manufacture of photovoltaic devices such as
absorber filns or el ectrolum nescent phosphors. Further, the invention is
useful in conjunction with the fabrication of sem conductors (such as are
used for the purpose of transistors), or in conjunction wth the
fabrication of superconductors (such as are used for the purpose magnets
or detectors), or the like. There are virtually innunmerable uses for the
invention, 10 all of which need not be detail ed here. Advantages of the

I nvention Coating or filmsynthesis representing an enbodi nent of the

i nvention, can be cost effective and advantageous for at |east the

foll owi ng reasons. The invention inproves the control of defect 15
properties. The invention inproves quality and reduces costs conpared to
previ ous approaches. All the disclosed enbodi nents of the invention

di scl osed herein can be nmade and used
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node of cworogionag29©ut the invention contenplated by the i meantsoz/29684

di scl osed, practice of the invention i? not limted thereto. Accordingly,
it will be 20 appreciated by those ski Ted in the art that the invention
may be practiced otherwi se than as specifically described herein. The

i ndi vi dual conponents need not be formed in the disclosed shapes, or
conbined in the disclosed confi guraFERESCE®Ut coul d be provided in
virtual ly any shapes, and/or conbined in virtually any configuration.
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reusable tools 910, 1020, 1030.

4. The apparatus of claim 1, wherein the second holder is selected from the group consisting of a
platten, a roller and a conveyor 1110.

20
5. The apparatus of claim 1, wherein the linkage includes a pressure generator adapted to

generate a pressure between the release layer 920 and the second holder.

6. The apparatus of claim 5, wherein the pressure generator can exert a pressure of from

25 approximately 0.01 atm to approximately 10.0 atm between the release layer 920 and the second

holder.
7. The apparatus of claim 1, further comprising a heater coupled to the first holder.
30 8. The apparatus of claim 7, wherein the heater can establish a temperature within a precursor

layer that can be coupled to the second holder between the release layer 920 and the second holder, of
from approximately 520 °C to approximately 635 °C.

9. The apparatus of claim 7, where the heater applies an electrical bias to the reusable tool while

35 simultaneously passing a current pulse through the reusable tool laterally.



a second hol der coupled to the first holder; 5 a |linkage coupled to the
first holder and the second holder to nove the first holder relative to
t he secomwolhwlodk®es a reusable tool 910, 1020, 1030 coupl edctrasvbredeBs r st
hol der, the reusable tool 910, 1020, 1030 including a raised patterned
surface; and a release |ayer 920 coupféd™"to the raised patterned surface of
the reusable tool 910, 1020, 10 1030. 2. The apparatus of claim1l, wherein
the first holder is selected fromthe group consisting of a platen 1010, a

roller 120 amyd agpa@aﬁ\svcﬁmrm 7 Mohebin (B BealtP RRIuBEUS eREtriGdIBIbEsed, hWMRQRdh thite
first holder 1010, 1120 is adapted #o hold a plurality of reusable tools

910, 10230 bq propeht nto eqniactiyfnipa igkhalderc| ai m 1, wherein the second hol der is
selected fromthe group consisting of a platten, a roller and a conveyor
1110, 20 5. The apparatus. of claim1l wherein the |jnkage jncludes a

pr essur el lgenet@BParapsgSclim {-ovhepranibe Aealst sdiptindy bpats t%e%\?x'g@ﬁjef Ré sl ¥ase

| ayer 926mpdstulcRhils ciaRnghebeytdsingGhe rImbla]Em?g 1@} 102001036 |vi me‘&mm?%&h& t he
pressure, generator can exert Syr.e o rom 25 approximately 0.01 atm
to apprd&%ﬁﬁ?@g§85ﬁgUf§? eﬁﬁ?ggghﬁihﬂnﬁelease | ayer 920 and the second

hol der. 7. The apparatus of claim1, further conprising a heater coupled to
the first holder. 30 8.. The_apparatus of claim?7, ereln the heater can
est abl i sia t EAFFRPARL Y IR fi eée“btﬁigﬁ{ﬂ léoé‘fer ’qc%%gra rofgd ?}coeﬁ‘?d[f}g’ hﬁ?)tﬁfpllqégl to

t hel@ecantbched dithin lietro¥een t he rel ease | ayer 920 and the second hol der, of
fromapproximately 520 C to approximtely 635 T. 9. The apparatus of claim
7, where the heater applies an electrical bias to the reusable tool while
35 si mul 13anedizlagppassifoyina 7 e ndmpising @ codieraugtied th eherfes $aldere t ool

| aterally. WO 03/026028 PCT/ US02/ 29684 -29 10. The apparatus of claim?7,
wherein the heater includes an electrically biased, heated piston that can

be broughit i nite apparitecdf clairh b, wHeeeid ihe sfeakedhybe $20 ibclddes aflibest @ flaoddeusslecttd cl ai m

7 erq%n he he%t%rirq%%§%ig%k% heats the first holder to a reaction
t enper at T8 MGEFIUR CEPRENE 4 @5v8% i asing the reusable tool 910, 1020, 1030
via an electrical contact that is coupled to the reusable tool 910, 1020,

1030. 12 _ The.apparatu f claim 7, wherein the firs |.dey. i ncl.udes a
ol ler 1920 ahi bR elim T Lor Rk Sl bigtuncd i R B B 05T The
appar at usscai holderd tmaphly fruglédrestatcdivfar dcmissiye Arstimddee andobeigbed Hollet he fir st
hol der .

20 16. The apparatus of claim 15, wherein the circuit can apply an electrostatic field strength of from

approximately 0.03 volts/micron to approximately 3.5 volts/micron.

17. The apparatus of claim 16, wherein the electrostatic field strength can be from approximately
0.3 volts/micron to approximately 1.0 volts/micron.

25
18. The apparatus of claim 1, further comprising a precursor deposition subassembly 1150
coupled to the first holder, the precursor deposition subassembly 1150 adapted to couple a precursor

layer to the first holder.

30 19. The apparatus of claim 18, wherein the precursor deposition subassembly 1150 is adapted to
perform at least one deposition technique selected from the group consisting of sputtering followed by

plasma discharge, particle deposition, physical vapor deposition and chemical vapor deposition.

20. The apparatus of claim 1, further comprising a precursor deposition subassembly 1160
35 coupled to the second holder, the precursor deposition subassembly adapted to couple a precursor

layer to the second holder.



14. The apparatus of claim 1, wherein the rel ease |layer 920 includes at

| east one fluoride selected 15 fromthe group consisting of CaF2 and SrF2.
15. The appasatdass of claim 1, further conprising a circuitrcaaispt/ewss o t he
first holder and the second holder to gpply an electrostatic field across
the first holder and the second hol der3920 16. The apparatus of claim 15,
wherein the circuit can apply an electrostatic field strength of from
approximately 0.03 volts/mcron to approximately 3.5 volts/mcron. 17. The
appar at ugy of meaabgarér&is of WAEH 0, WHeR e 84 Bedur RS 8cdblitor! subdsbnibly B8O dhasAEH e from
approximately 0.3 volts/mcron to approximately 1.0 volts/m cron. 25 18.
The appalfETs aldsastongidprosition feelnique seleqtdrfios the srquinpuSising o sprding flleyred by
subassenhihalilseargd PAHN 18 HepoQitidr) BhyfsichiStpdi @ksheition iddehBhREWASR Mefbailios] t i1 on
subassenbly 1150 adapted to couple a precursor layer to the first hol der.
30 19. The apparatus of claim 18, wherein the precursor deposition
subassemy y 14 5Rothbvoltaid aApdi@dndde withefappantad oflcRasl. one deposition techni que
sel ected fromthe group consisting of sputtering followed by plasma

di scharge, particle deposition, physical vapor deposition and chem cal

vapor deposi t ARBlectd&] povie gaRPEbRENEm@bmelidngthd photdvokiedevice BPElhisi 220 a
precursor deposition subassenbly 1160 35 coupled to the second hol der, the
precursor deposition subassenbly adapted to couple a precursor |ayer to

t heigecond hoAglelectro¥o dOALORGR2BthRRTAphinedd XIGBA 1. - 30 21. The apparatus of

cl aim 20, wherein the precursor deposition subassenbly 1160 is adapted to
performat |east one deposition technique selected fromthe group

consi stirg of Appetbdiede nv@e fnith i@wpphritys ofplats e di scharge, particle

deposi tion, physical vapor deposition and chem cal vapor deposition. 5 22.
A photovoltaic device made with the apparatus of claiml1. 23. An electrical
power generation system conprising the photovoltaic device of claim?22. 10
24. An electronic device made with the apparatus of claim1l. 25. A
phot odi ode nade with the apparatus of claiml.



