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superconductors, electroluminescent phosphors, and other (opto-)electronic materials control the
physical properties that determine their efficacy for their respective intended uses.
Thin film optical absorbers are more economical than thick film absorbers or coatings

25 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
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

30 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
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
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substrate, wherein the composition layer remains coupled to the second substrate. According to

another aspect of the invention, a method comprises: locating a template within at least one of a first
25 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. 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
30 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.
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

35 including a raised patterned surface; and a release layer coupled to the raised patterned surface of the
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FIGS. 3A-3D illustrate schematic side views of a pressure containment utilizing process to

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

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

35 layer formed on an electrode coated substrate, representing an embodiment of the invention.
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hereby 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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i ncl ude rem)w’n cal noti1on desirabl e
not 260 mowhiifigd. éfhpoompc{smooﬂayblfmn remain coupled to the other substrate. Modifying can include

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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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
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 guiding 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
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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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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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sodium containing phases may prec1p1tate Therefore, it may be desirable to control the float velocity

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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Another example 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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25 example 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);.y layer. This can be implemented by adding some of the
30 copper required to achieve the desired overall composition into the predominately (In,Ga)y(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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520. 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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contact waves, ripples, ridges and other kinds of surface features may prevent the two precursor layers
from coming into intimate contact with one another. Of course, the substrate does not have to be
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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35 chemical, etc.).
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An antireflection 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



preferred enbodi nents of the invention can be identified one at a tine by
testing for the presence of wuniformconposition at a given depth in the
conposi tiwop ay@e4s The test for the presence of uniform IOTAOPE®NTi on at
a given depth in the conmposition |layer can be carried out w thout undue
experinmentation by the use of a sinpl e28nd conventi onal dynam c SI M5
(secondary ion nmass ctroscop%/% experi nment . Am)ng the other ways in

whi ch to81§é%¢@uelﬁﬁtftﬁﬁﬁ@ g Shsytang 8400 Eheareay iohelas cellsr810 aatsrrainied apbidiediben at a

gi ven degl R, i, tsnﬁsg&%g%m }galolvayﬁgn (gmog@@%&lel\m %sah@laﬂ@xm%ﬁ,ﬁgr ed

enmbodi ment  can “be on t resence of uniform performance (e
el ect ri cabsysisho28 vost inglinde eI%O@Pﬁefmtemlude eergicqndueigy @@pm@zdnqh@wlwsolﬁ 29607

-19 De%&a%aﬁé}g%ﬁ) 'dg&%éa% aLigi $d0Se. Matetabighe B¥RIch di@fmecrohble@to Qefikf83d, the

i nvention can | devices that incorporate the material |ayer(s). FIG
7 dedi ct Bheaehialst3dQ edn ingledediaplcetaic ppwer sfosagg s@pytenysich aspbatferydenly. afcepacrect ri c

power genai gﬁaf&% lﬁucﬂiﬁa%ﬁt@v&ﬁtnwd% szplegohoﬁmﬁ@aa&@gné &n@en&&sev%mqaugezo

The el ectro I's coupled to_an absorber |ayer . Exanpl es of

absor berthf aytsrisl leyer(s)eseipebiadieadabavei n detai | and | ncI ude ClS, CGS, CSs,
ACI'S, ACIGSS and G GSS. A buffer layer 740 is coupled to the absorber

| ayer 730. The buffer layer 740 is sonetinmes inaccurately referred to as a
passi vating |ayer. A good Higtpeent fasMpnufachising theiMaicrighbayerfvent i on can

i nchyde cadm yp, ﬁfi‘feﬁe’nﬂf@neﬁ&ﬁaﬁfa@fﬁﬁh? aﬂb@&i@ﬂe’é bl %ﬁélﬂ&d@é&h G8pleXdieKe

substantially non 10 conductin l'ayers inciude indium oxides, indium
sel eni detsshnigydndfifhe svantipedhe ﬁrsh@pg@rﬂ@mda%gned Hrigaueniellygxecess sabratas WE

ther eof . qif W {b@%dlcam@reﬁ@bé Smfe@YPbagh Rt RETIRUESRH abRRh cAAR torflRE 2
transparent conducting w ndow |ayer 750 provides |ateral conductivity.

Need! ess"aontinugys” PrasessisedeRningows apesiriedenr! andeibptrerontigrogicries gighieretco t he

absor ber g,Qngksict » Mmﬁ&sﬁ%dﬁéxﬂ@éh@%sﬁ’&ﬂﬁb‘cu ve in order to get the
el ectrons out and over t0 15 an external circuit via a grid line_if

predént, or aAbgxnpde of attpel et pradiw upadien dissree %@S@tqﬁr%’%m@l ipthopa del1GSTHe-

i nventi ogg Cﬁ@s“@@ 9Bl RepicLtbHReMbhA mt;sm%a pRhd-Viel (RIGS Dﬁf SAtmAR dtdAengdondow.
Alternatlvely, the .1hnvention can include using a conductive zinc oxide for

t he wi ndovexsmlery dissreig Prmsglnw@?ﬂ_%en%t?&aﬁ%yer%? coppleddo the ol RlGs Incthise  t he

non- conduGtikes Auhe sifédnde R eCQBRS: A8ishblfool. MEidkehhBIE tdofRMeer! ﬂa’ct&rﬂ@d inW ndow
| ayer that provides the lateral conductivity includes zinc oxide, it can be

achi evedempstsRetignalzelic ferpyificaaiserbhrspeonplistifaceyin tuk arippleshe Felerr layrr 42@

i ndbgm - gadulidsWiciud #ABHAL e falsl@hl @l%palaé)mﬁ@laye&\@»z@@éﬂn@mé afed GCBN@Etiof thE @I S
coupled to the w ndow I grid is used, it can be a metallic

a f
bi - | ayer anskitsgplegsp fayer; ?Pddérﬁ’feaﬁlt“’r\ﬂoﬁtﬁlgt(ﬂ‘ét I’ZF‘EH‘ESOQXW%&SHH’S?%%@%FWW on top

of the n&d‘aK (sedohd bl%curbtﬂﬁq"ﬁé o8P SredubsoPéatind \Uﬁ'ﬂﬁé%muféhtﬁﬁt@"cbﬁ/cad@%tﬁ kac oxi de
since it wll chemcally react and form al um num, _ oxi de

i nsul at i FHYSTafH BPIEYTE 604tiHE prsdEEsiaRedTing fhg Prosee aﬁ@waw@eﬁéwf&d@xas?ealt hat
can be 25,4xpde ol ofe H@YIFEBeteLpdformdRé Tor PVRAYHlicAGEH: difodicRistedb9Rehy mer) . The
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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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the rear surface of the wafer radiatively to the reaction temperature while separately biasing the wafer

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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lateral |y
requlred 1f 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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The electrostatic field aspect of the 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.



FIG 11 shows a cylindrical tool geonetry. For CIS synthesis this type of
tool could be nade 20 of either a single continuous silicon tubel6 or

mul ti pl e weasao@ed ar silicon slabs nounted onto a suppor PcagiSoe)7 wi t h
each rectangul ar slab then ground to create a cylindrical surface when the
sl abs abut one another. This type of -201 is nost useful for processing
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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, 2 function, a procedure, an object method,

35 an object implementation, an executable application, an applet, a servlet, a source code, an object



anenabl e to cleaning. However, the particul ar apparatus selected for
applying pressure to the substrate(s) and/or tool(s) is not essential to
t he i nverwDma/02@24 | ong as it provides the described functipam/ushivessat |y,
those who make or use the invention will select the best comercially
avai | abl e material based upon the 20 eé®nonics of cost and availability,

the expected application requirenments of the final product, and the
dermands eke.tasbared Beratyldynamiafoad libreryragd/or efbessequemtsef iststiorsalgsisned deti ment s
show pl at.ensiof% Qc&ﬂﬁh&% aQd conveyor as the structure for performng the
function of applying pregsure but the structure for applying pressure can
be any other structure capable of perform ng the function of applying

pressure, including, by mayIg%ﬁgﬁggpmﬁh@m%§ﬂ@5g@aﬂ%jc system an expanding
gas or even an isostatic workin he electrostatic field aspect of
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and anenabl e to cl eaning. However, the particular apparatus used to apply
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generating the required field. AJhgndesb@bERtntdgposi tion process used for
providing the tenplates should be inexpensive and 35 reproducible. It is
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process variables. For exanple, the invention can be 1 onbi ned with
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exerted replacements may be substituted for the substances described herein. Further, variation may be made

in the steps 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.
Tt 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



and/ or the heat applied can be varied (e.g., in tinme domain) as a function
of a state variable. Simlarly, vacuum and/or cooling equi pnment may be
provi ded wod3medes ol | ed. 15 The term | ayer, as used herei PCTIES0yeswer i cal |y
defined to include filnms, coatings and thicker structures. The term
coating, as used herein, is subgenerlcgﬁry defined to include thin filns,
thick filns and thicker structures. The term conposition, as used hereln
i s gener ¢asaent gs dpdineathe eppewderl glgians and theig aaivalefror gH sich sybsbBtisRfees such
as, but ﬁghﬁghﬁhggghﬁ&ﬁa&pgqhgghg%gg@t|on products and/or physi cal
reacti on products erm sel enide, as used herein is defined as a
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selenide. The termtool, as uSed herein, is defined as a substrate intended

for §e- usep for” Subeenepr embasimenty ol theanyegtion as¢ delincateddy fasspendedinderendeat def i ned
as one Of,ifRkLkd {h&@ @qﬁh@ents-r@}fléc{ﬁ% reﬁ'ibocﬁlﬂéﬁt@@ff the @PendSiLsle BffeRhRated 5 e 1 Nned as

at | east a second nor e he termplurality, as used herein, is defined
as two ofPpaisied deneadenf glaims TadtheiepeRvaleRl udi ng and/ or having, as used herein,
are defined as 25 conprising (i.e., open |anguage). The term coupl ed, as
used herein, is defined as connected, although not necessarily directly,
and not necessarily mechanically. The term approxi mately, as used herein,
is defined as at |least close to a given value (e.g., preferably within 10%
of, nore preferably within 1% of, and nost 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 oying, as used herein,
is defined as designing, building, shipping, installing and/or operating.
The term neans, as used herein, is defined as hardware, firmvare 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 conputer program may

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

obj ect inplenentation, an executable application, an applet, a servlet, a
source code, an object WD 03/026024 PCT/ US02/29607 - 25 code, a shared

i brary/dynam c load |library and/or other sequence of instructions designed
for execution on a conputer system Practical Applications of the
Invention 5 A practical application of the invention that has value wthin
the technol ogical arts is the manufacture of photovoltaic devices such as
absorber filns or electrolum 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 with the
fabrication of superconductors (such as are used for the purpose nmagnets
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

| nventi on



Coating or filmsynthesis representing an enbodi nent of the invention, can
be cost effective and advantageous for at |east the follow ng reasons. The
i nvent i orwormpioeses the control of defect 15 properties. ThReTIUSOBZIHDN

i nproves quality and reduces costs congared to previous approaches. Al

the disclosed enbodi nents of the inven#¥on disclosed herein can be made and
used w thout undue experinentation in light of the disclosure. The
invention is not limted by theoretical statements recited herein.

Al though the best node of carrying gyErER@ESNvVention contenpl ated by the
inventor is disclosed, practice of the invention is not limted thereto.
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The composition of claim 1, wherein the collection layer 170, 685 includes a copper impurity

containing layer.

20 7. The composition of claim 6, wherein the copper impurity containing layer includes copper

containing precipitates.

8. The composition of claim 7, wherein the copper containing precipitates include Cu,Se.

25 9. The composition of claim 1, wherein the composition layer 170, 770, 730 includes a
semiconductor layer.
10. The composition of claim 9, wherein the semiconductor layer includes copper, indium and
selenium.

30
11. The composition of claim 10, wherein the semiconductor layer includes aluminum, gallium
and sulphur.

12. The composition of claim 1, further comprising an electrode layer 645, 720 coupled to the

35 first surface of the composition layer.



- 28 CLAIMS 1. A conposition, conprising: a conposition |ayer 160, 660,
730 defining a first surface and a second surface, the conposition |ayer
160, 660,w®308/02deed udi ng a collection |ayer 170, 665 that ipsT/USozad6et cl oser
to the first surface than to the second surface. 5 2. The conposition of
claim1l1, wherein the collection |ayer 1290; 685 is | ocated adjacent the
first surface. 3. The conposition of claiml, wherein the collection |ayer
170, 685 includes a sodiuminpurity 10 containing |layer 4. The conposition

of claim.3, rein the sodi.um, npur. ontaini ng | ayer .i hcl ydes sodi ym
Cont i ni g’ pr o0F gppaeaen o el 2y Rern s sEePe Gt Shsy 0GRSl or i

sodi um caelt@aedfrerg thergemipebiisésties of Vie bnddE. Nal nSe2. 6. The conposition of claim
1, wherein the collection [ayer 170, 685 includes a copper inpurity
containing layer. 20 7. The conposition of claim®6, wherein the copper

i mpursi ty ldont faiha icmgpdsi;i)oﬁ of ¢laie] Y dethecoppeising £ ooty rcingihpiadchyer Ioait&qut\BeelnTg e
conposi tipn of cl.aiim t 0 r. co ng precipitates include
Cu2Se. 2 ‘??m?ﬁﬁﬁﬁﬁﬁ%8@$?§%§5@?“@ﬁa$%5§$”ﬁﬁﬁB%?k&¥he conposition | ayer

170, 770, 730 includes a sem conductor |ayer. 10. The conposition of claim
9, wherein the,sem conductaqr. | ayer.includes copper,, ,,ndi and. sel.eni um

30 110 THS corpeereranoget i £ Bhniirupatte (BN k b A 5P ers

i ncl udes eldctnoderiaypy. gal | i um and sul phur. 12. The conposition of claim1,
furtﬁpr conprising an el ectrode | ayer 645, 720 coupled to the 35 first
surface of the conposition |ayer. WO 03/026024 PCT/ US02/ 29607 - 29 13.
The conpdsi t i dieobémpdsaiomoldaimntde fuether colprighgecdiffaden Hatrjee tay&rdbcated Btwicarictheide s

The conpaareroiare: i it 74 B Eafut B 5 oup o rich adnesion

| ayer | ocated between the conposition |ayer 160, 660, 730 and the

| de.l 645, 720. 5. Th ition of i f h X
oot orar &Y e oRagshoR npeimin VS B HERpaRRdhver 0. Bho 730 igHadet Eesiduat

15 template.

18. The composition of claim 17, wherein the residual template is located closer to the second

surface than to the first surface

20 19. The composition of claim 1, further comprising a buffer layer 740 coupled to the second
surface of the composition layer 160, 660, 730.

20. The composition of claim 19, further comprising a window layer 750 coupled to the buffer

layer 740.
25

21. A photovoltaic device comprising the composition of claim 1.

22. An electrical power generation system comprising the photovoltaic device of claim 21.
30 . 23. An electronic device comprising the composition of claim 1.

24, A photodiode comprising the composition of claim 1.

25. An apparatus, comprising a semiconductor absorber layer 160, 660, 730 defining a first

35 surface and a second surface; and



10 16. The conposition of claim 15, further conprising a diffusion barrier

| ayer | ocated between the conposition |ayer 160, 660, 730 and the
substr at ewdA0/026040D, 710. 17. The conposition of claiml, \wRaarEson2dche
conposition | ayer 160, 660, 730 includes a residual 15 tenplate. 18. The
conposition of claim17, wherein the ré9idual tenplate is |ocated closer to
the second surface than to the first surface 20 19. The conposition of
claim1, furt heeceamdplaysidif, 720 baiplegrio thafiet suf#ée ddugremitondicton ebsedeoiayer
surface ?g %?f gynposition | ayer 160, 660, 730. 20. The conposition of
claim19, %u ’ﬂ I’ conprising a wi ndow | ayer 750 coupled to the buffer

| ayer 740. 25wBdeinAhqrotioudictabisoderiye 160 600,780 mglutidse collerpioslayérdi0,.aR5 cl ai m
1. 22. Ag electrica n i rising the photovoltaic
device o a&F%FﬁFé%P&Xgﬁﬂgﬁﬁgﬁﬁggﬁ%%ﬁgg%%%%ﬁgéﬁggyconprising t he conposition
of cbaim 1. 24. A photodi ode conprising the conposition of claim1. 25. An

appar atu conprisi m I ] i ning
P et s o bt e fr SRR A RAMER Me BRRALERYG M T S s Els Mboor

- 30 answfaeetrode | ayer 645, 720 coupled to the first surface of the

sem conduct or absorber |ayer 160, 660, 730, wherein the sem conductor
absorber layer 160, 660, 730 includes a collection |layer 170, 685 that is
| ocat ed @V.0sefht appetagisiof clgim Buwhereie thetvaliection ey 136 G8hthekidesfagodium5mp@ity The
apquatugugﬁigégjq|25, wherein the collection layer 170, 685 is | ocated

adj acent 1 PPy surface. 27. The apparatus of claim25, wherein the
collection layer 170, 685 includes a sodiuminpurity 10 containing |ayer

28. The par at us_Q | aim I ) he . i i i . i | ayer
ncl udes 2bodi i TEaspioB bR piHehheloblif BASLY BdIRAE ok (i ELLAR, | YT
wher ei n thgaisiogpweniptaed ai ni ng preci pitates include NalnSe2. 30. The
apparatus of claim25, wherein the collection layer 170, 685 includes a
copper inpurity containing layer. 20 31. The apparatus of claim 30,

wherlgi n 2he cdppegpatampof tikipn 28 wherkinitiegofiamepntiniok prbeipiteteyipepde NalnSe,.

(D

30. The apparatus of claim 25, wherein the collection layer 170, 685 includes a copper impurity

containing layer.

20 31. The apparatus of claim 30, wherein the copper impurity containing layer includes copper

containing precipitates.
32. The apparatus of claim 31, wherein the copper containing precipitates include Cu,Se.

25 33, The apparatus of claim 25, wherein the semiconductor absorber layer 160, 660, 730 includes

copper, indium and selenium.

34, The apparatus of claim 33, wherein the semiconductor absorber layer 160, 660, 730 includes

aluminum, gallium and sulphur.

30
35. The apparatus of claim 25, wherein the electrode layer 645, 720 includes at least one metal
selected from the group consisting of Mo and Ti.

36. The apparatus of claim 25, further comprising a substrate 140, 640, 710 coupled to the
35 electrode layer 645, 720.



containing precipitates. 32. The apparatus of claim 31, wherein the copper
containing precipitates include Cu2Se. 25 33. The apparatus of claim 25,
wher ei n tWwe ess@mioeonduct or absorber |ayer 160, 660, 730 i necudse229w0pper,

i ndium and sel enium 34. The apparatus of claim 33, wherein the

seni conduct or absorber layer 160, 660;3%¥30 includes alum num gallium and
sul phur. 30 35. The apparatus of claim25, wherein the el ectrode |ayer 645,
720 i ncl 3,l7t:les Hite dppasts ojff@lmtéﬁawher@etheé@@@loﬂdﬂ@?ﬁabﬁéb% rayepl ot BXipRudsF Mo
and Ti. are 1du1?e %? par at us of claim 25, further conprising a substrate 140,
640, 710 C(s.) ﬁ édto the 35 electrode | ayer 645, 720. WO 03/026024

PCT/ U802/29607 -31 37. The apparatus of claim 25, wherein the

sem condugct or ],91%?] Siisimakechedrp! at e.
38. The %%Cpparg%sz%rgﬁ P%%ﬁg en?gl?ﬁest?dh%g télg@%tggggl&a%egr?{)olgatte is |located

cl osgr torfhbethgeodrdirstBudagef ace than to the first surface 39. The appar at us
of claim25, further conprising a group 3 rich adhesion |ayer | ocated
between the sem conductor absorber |ayer 160, 660, 730 and the el ectrode
| ayer 64%). 720he dppara@s ofitiamSplarthar gemprising acgroupigichiadhesion layebsatsddeieen
substr at r14945, 720 and a

di f fusi o{rirle B%érﬁrcclmg?&?raa%% b%(?%'g{ g% %ég)f i’@?ﬁdt@‘l ﬁg&gg%ﬂgagjﬁﬁﬁ%t oiriﬂabsor ber layer
and the substrate. 41 The apparatus of claim25, further conprising a

buf f 2(?( er %ﬁ'e %‘QQM% gficl{ugl fShﬁlrtﬁQQ:QlﬂgnsﬂgSa Sl RCR0, c13(40 the cs@dagerduct or

absorber paratus of claim4l, further conprising a w ndow
| ayer 75@e@@dplaed G40, 12ﬁ@n<b%|fhf%$1011b@}i@qﬂamleca@d’ewen I&eﬁﬁﬁiﬁ?}iﬂé}?t9rar“}bé°rh‘?§V| ce
conpri si ng. taﬁ&h%l% gtteus of claim25. 44. An electrical power generation
system cogrprl Si ng e photovol tai c device of claim43. 45. An electronic
device conprising the apparatus of claim25. 25 46. A photodi ode conpri sing
the appagatuspf, rcﬁ’L“Q“i;éT] £gi fk7ﬁn‘lﬁbl%|0ﬁ‘lﬁltlglm &ffiﬂé!yé‘r@% SAPRAISHE ot

sem conduct or "near 8 %gl for absorbing, the seni conductor neans
160 15660$urﬁ3®oftB@sem¢0néWrabﬁoﬂ§rI%fffl ning a first surface and a second
surface; and an el ectrode neans 645, 720 for conducting coupled to the

second surface of the )
42, The apparatus of claim 41, further comprising a window layer 750 coupled to the buffer layer

740.

20 43, A photovoltaic device comprising the apparatus of claim 25.

44, An electrical power generation system comprising the photovoltaic device of claim 43.
45. An electronic device comprising the apparatus of claim 25.
25
46. A photodiode comprising the apparatus of claim 25.
47. A electronic device, comprising:
a semiconductor means 160, 660, 730 for absorbing, the semiconductor means 160, 660, 730
30 for absorbing defining a first surface and a second surface; and

an electrode means 645, 720 for conducting coupled to the second surface of the

semiconductor means 160, 660, 730,

wherein the semiconductor means 160, 660, 730 includes a collection layer 170, 685 that is
located closer to the first surface than to the second surface.

35



sem conduct or means 160, 660, 730, wherein the sem conductor means 160,
660, 730 includes a collection |ayer 170, 685 that is |ocated closer to
the firstweushamesthan to the second surface. 35 WO 03/ 02®02A4IS02/29607
PCT/ US02/ 29607 - 32 48. The el ectronic device of claim47, wherein the
col l ection layer 170, 685 is |ocated adjZacent the first surface. 49. The
el ectronic device of claim47, wherein the collection |ayer 170, 685
i ncl udes 48 sodie P(hecthiQﬁ?MilC@ piclain it avheirevy the ggltecti@Cayer hd), 68%ie laceind adjatenti ce of
cIa|n149ﬂKMQ& Nt he sodiuminpurity containing layer includes sodium
cont ai ni ng preC|p|tates 10 51. The electronic device of claimb50, wherein
the sodi um containing precipitates include NalnSe2. 52. The electronic
devi ce ofjgcl aippg, digeq: ede@ic@ofmm%?' Jvl‘f‘e? @x@ obIR¥Edn %] D17P 8 fn&fi&éé(ﬁé%@mcomer
inmpurity contalnlng ayer. 15 53. ectronlc evicé of claim
wher i n fteurip pqséainingdoneri t y contalnlng Iayer i ncludes copper containing
precipitates. 54. The el ectronic device of claim53, wherein the copper
containing preci pitates include Cu2Se. 20 55. The el ectronic device of
cl ai m 47 59wherldp plegtpmiosdefrice ehdimtdsr winsein Bie pgiium gaprity7dntainiag legsde includepper |
'”d'U"‘a@Qh&ﬁk&ﬂhHﬁk RBimitkbe el ectronic device of claimb55, wherein the
sem conduct or neans |ncPudes 160, 660, 730 25 alum num gallium and
sul phur. 57. The el ectronic device of claim47, wherein the el ectrode neans
645,10720 s ncl ugegieatoniEfoHee Qf@alm%t@ﬂeré@{h%%&ﬁﬂn tz&f?ﬂﬁlh?ﬁrea PR i @RI Sting of
Mo and Ti. 30 58. The el ectronic device of claim47 urt er conprising a
neans 140al$g, 710 for providing a substrate coupled to the el ectrode
means. 59. The el ectronic device of claim58, further conprising a barrier
means for inhibiting diffusion |ocated between the sem conductor neans
160, 66052730 Thadleetrraiodesiss ofidam 48 agherein the clfectiorolgyedil iy 685 inggdesgisspreat e. WO

03/ 02602 Q2489804 - 33 60. The el ectronic device of claim47,
mhereln %ﬁggggggboﬁ u ? means 160, 660, 730 for

53. The electronic device of claim 52, wherein the copper impurity containing layer includes

copper containing precipitates.

54. The electronic device of claim 53, wherein the copper containing precipitates include Cu,Se.
20

55. The electronic device of claim 47, wherein the semiconductor means 160, 660, 730 includes

copper, indium and selenium.

56. The electronic device of claim 55, wherein the semiconductor means includes 160, 660, 730
25 aluminum, gallium and sulphur.

57. The electronic device of claim 47, wherein the electrode means 645, 720 includes at least one

metal selected from the group consisting of Mo and Ti.

30 58. The electronic device of claim 47, further comprising a means 140, 640, 710 for providing a

substrate coupled to the electrode means.

59. The electronic device of claim 58, further comprising a barrier means for inhibiting diffusion
located between the semiconductor means 160, 660, 730 and the means 140, 640, 710 for providing a
35 substrate.



absorbing includes a residual tenplate. 61. The el ectronic device of claim
60, wherein the residual tenplate is |ocated closer to the 5 second
surface twarstesoehe first surface 62. The el ectroni c devi eeTafSozbmbm 47,
further conprising a group 3 rich neans for adhering |ocated between the
seni conduct or means and the el ectrode-Rdans. 10 63. The el ectronic device

of claim47, further conprising a means 740 for defini nq a sem conduct or
juncti on6(boupﬂh€cb1m§f0tﬂhée‘e®rﬂ§91§m f owhprgipdhe segucondugtor greanstlpBfi6e, 7d8¥arce of

cl aim 63, &0 1841 By optically transmtting neans 750 for
provi di ng F nglﬁ%Fu ulct% Vi tpgﬂecoupl ed to the neans 740 for defining a

sem conduct or | unctl on 15 65. A photovoltaic device conprising the

el ectrongg dey 8. @hni ld@%é@ & €128860, Aheret nQﬁé FekiG@h tel%gl"fcrls HERES @bdePMR HRy St em
conprising the photovol tai ¢ device of claim 65. . A phot odi ode

conpfi si srgondranfededaartpficdirdewfage of cl ai m 47.

62. The electronic device of claim 47, further comprising a group 3 rich means for adhering

located between the semiconductor means and the electrode means.

10 63. The electronic device of claim 47, further comprising a means 740 for defining a

semiconductor junction coupled to the composition layer.
64, The electronic device of claim 63, further comprising an optically transmitting means 750 for
providing lateral conductivity coupled to the means 740 for defining a semiconductor junction.

15

65. A photovoltaic device comprising the electronic device of claim 47

66. An electrical power generation system comprising the photovoltaic device of claim 65.

20 67. A photodiode comprising the electronic device of claim 47.



