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PROCESS FOR SYNTHESIZING A THIN FILM OR COMPOSITION
LAYER VIA NON-CONTACT PRESSURE CONTAINMENT Related
Application 5 This Application claims the benefit of priority from U.S.
Provisional Patent Application Serial No. 61/217,909, entitled "Synthesis
of Films Using Precursor Layers and Non-contact Pressure
PRE&FSSTER SHTIihS 5 N6b 8. T INAH-M GRIGRMROIIFEPNISANER VIA
invention relates to a process for synthesmng a f|Im or composition layer
via non-contact{@gleds AirTm Ol 8Thel Invention
Thin films of materials are used in various appllcatlons For example, in
applications where the thin film is electrically active, the electrical activity
varies depending on the nature of the layer. Films composed of excellent
absorber 20 materials such Beleiedmugicaiioand S which are generally
referred to as CIGS(S), or Cu(In,Ga)(S,Se)2 or Culnl_xGax(SySel_y)k
(where 0=x=1, O=y=1 and k is approximately 2) have been employed for
application in optoelectronic devices including photovoltaic devices such
ad 85lafBBlisaticonelaisnitise benrfthmigpoatity ders, Bel2 fpvisional Patent
fllms for solar
Application Serial No. 61/217,909, entitled “Synthesis of Films Using Precursor

Layers and Non-contact Pressure Containment,” filed June 5, 20009.

Field of the Invention

The present invention relates to a process for synthesizing a fim or

composition layer via non-contact pressure containment.

Background of the invention

Thin films of materials are used in various applications. For example, in
applications where the thin film is electrically active, the electrical activity varies
depending on the nature of the layer. Fiims composed of excellent absorber
materials such as Cu, In, Ga, Se and S which are generally referred to as CIGS(S),
or Cu(in,Ga)S$,Se), or Culni,Ga(S,Ser ) (where O=x=1, O=y=1 and k is
approximately 2) have been employed for application in optoelectronic devices

including photovoitaic devices such as solar cells.
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applications involves depositing a first precursor layer of (In,Ga)y(S,Se)i_y
on a first substrate and depositing a film containing a second precursor
layer of CuRSe (where 1 =x=2) on a second substrate, and mechanically
exerting pressure so that the first 5 and second precursor layers can
contact each other and directly interact. The contact is made to establish
aten@aiieehniayrani@r inferadton ol idea( & Oeen fmptiethio tHirfisst for  solar
and second precursor layers under pressure to form a desired final film or
applieafiapssitivplvaget cpositasukify slimrecemapdeissrobikr, BahSrPejatedn a first
into a photovoltaic device as an absorber layer. The final film or
subsigaiapiisanasinooenity sentrinigprosessnd wresissandayeteof Cu,Se (where
structure and/or improve performance. This technique, however, lacks
1=x=§heech¥BFever seastieethanfcusehaiicaire xatisgaprasing profiwbthe first
the rigid substrate due to the need to apply sufficient heat to make at
and faphPHMESUNaHats sGABChantaallyeeemplitherasng edirgsitsh interact.  The
intimate contact between the precursor layers at the atomic scale, thereby
contaghrifaiyads toesiaptiss Hedurdniaefaetanaomiampetiachisoat. IHeaivs then
~of the foregoing problems, there is a need for a process for synthesizing a
appliggintertbenibeisAion RERINFanTERLESATaYRISs sindesopianawsntowiich a desired
) orovides precise control over the reaction thermodynamics and precise
final finen govongaitnyBysiiled he s dhedifimine casesorition my@sieingwporated
) process achieves a film or composition layer of favorable crystalline
into gpheiawiirinsiameups Atabssraeldaectrorhe fopefilivsor sesepapition layer
use in Rhotovoltaic agoplicaj[ions. _
may be further processed to tailor the defect structure and/or improve performance.

This technigue, however, lacks fine control over reaction thermodynamics and
material grading profile on the rigid substrate due to the need to apply sufficient heat
to make at least one of the substrates mechanically compliant as o estabiish
intimate contact between the precursor layers at the atomic scale, thereby partially

reacting the precursors before full contact is achieved.

in view of the foregoing problems, there is a need for a process for
synthesizing a film or composition layer via non-contact pressure containment, which
provides precise control over the reaction thermodynamics and precise material
grading profiles across the film thickness. In this manner, the process achieves a
film or composition layer of favorable crystalline structure, nanostructure and

desirable electronic properties, especially for use in photovoltaic applications.
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2 Summary of the Invention The present invention relates generally to a
process for synthesizing a film or composition layer via non-contact
pressure containment. The process of the present 5 invention includes
exposing a plurality of precursor layers to non-contact pressure, and then
heating the plurality of precursor layers under the non-contact pressure to
a reaction temperature stifificiearyooptbmbtgghtidormation of the thin film
or composition layer. In one embodiment, the process of the present
invention facilitates the synthesis of films or composition layers of desired
crystalline structure, 10 nanostructure and electronic properties using
preearsorsapeisrpissitesl aie s gautssaliyetcaadroresstact yrdsssining a film or
containment. In particular, the process of the present invention provides
compeaitienniryrerpiecirsotdnjent degsssitedcivréestanknt ofhaprioagss of the present
arrangement on a substrate. The process of the present invention
invengasmiorydeshexniesingnd/ olypiayisicaf interacton laywvedo adjneemitact pressure,
precursor layers 15 to produce the resulting film or composition layer. The
and thamherinedha ol yiisrepie dwsmad dalyersaieder Hny poessondastenessure to a
on the precursor layers without physical contact with a solid pressure
reactipip o arritesal sThiisiephtdet prexsote nthg biogeaticatedbytiamy thin film or
suitable means including, 20 but not limited to, directly increasing the fluid
compsrEitsiirdquay., g press@@bedigientothmupioadss with tihe meatityt ofhvention
precursor layers, or placing a vaporizable
facilitates the synthesis of films or composition layers of desired crystalline structure,

nanostructure and electronic properties using precursor layers deposited on a
substrate, and non-contact pressure containment. In particular, the process of the
present invention provides two or more precursor layers deposited in a stacked or
laminate arrangement on a substrate. The process of the present invention
promotes a chemical and/or physical interaction between adjacent precursor layers

to produce the resulting film or composition layer.

The term “non-contact pressure” is intended to refer to any pressure exerted
on the precursor layers without physical contact with a solid pressure imposing
material. This contact pressure may be generated by any suitable means including,
but not limited to, directly increasing the fluid pressure (e.g., gas pressure) in fluid
communication with the plurality of precursor layers, or placing a vaporizable
material in association with the plurality of precursor layers within a ciosed volume

and vaporizing the vaporizable material to generate the non-contact pressure within

the closed volume.
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material in association with the plurality of precursor layers within a closed

volume and vaporizing the vaporizable material to generate the

non-contact pressure within the closed volume. 3 The precursor layers

may be deposited on the substrate through vacuum deposition

techniques, atmospheric-pressure deposition, and the like. Examples of

vacuum deposition techniques include, but are not limited to, chemical

vapor 5 deposition (CVD), atomic layer deposition (ALD), chemical

solbtopréepositiols e S D apldtie gl @bysital \apdhevapbsatiaie (PyRgandcuum

the like. Examples of PVD processes include, but are not limited to,
deposiigemiéeaigoesioalnetsrthenibeaassevapieptsiidon dedinddipesitiBramples of

(IBD), molecular beam epitaxy (MBE), pulsed laser deposition, sputtering,
vacuamd deplisiicixdegiiokobatrimodpterichpte sserendeplisitied 10 inchutajdatit vapor

are not limited to, ultrasonic or pneumatic atomization spraying, inkjet
depositieyir§; \dectateniiy, lsyererdpnsitprsl(AdD extrusioicebativigtiand degosition

like. In-one aspect of the present invention, there is provided a process for
(CSDyyrmiatisiginghy shial finapor evrapositom|4Fatiomara thealite of Rrecupdes of PVD

layers 15 supported on a substrate, which comprises the steps of: a)
procasgsssititcthdglupalityas predulivitey ets, tdimemiedb neaetpretsire; @rdtbyn-beam

heating the plurality of precursor layers under the non-contact pressure to
evaperateptisnteagierdapesiidghc Do maamdet e tomeatiorop{ B Ejnpatsed laser

composition
deposition, sputtering, and the like. Examples of atmospheric-pressure deposition

include, but are not limited to, ultrasonic or pneumatic atomization spraying, inkjet

spraying, direct writing, screen printing, siot die extrusion coating, and the like.

In one aspect of the present invention, there is provided a process for
synthesizing a thin film or composition layer from a pluraiity of precursor layers
supported on a substrate, which comprises the steps of:

a) exposing the plurality of precursor layers to non-contact pressure: and

b) heating the plurality of precursor layers under the non-contact pressure to a
reaction temperature sufficient to promote the formation of the film or composition

layer.
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layer. 4 Brief Description of the Drawings The following drawings are

illustrative of embodiments of the present 5 invention and are not

intended to limit the invention as encompassed by the claims forming part

of the application. Figure 1 is an assembly view of a reaction containment

assembly or reactor with a plurality of precursor layers supported on a

substrate in accordance with one 10 embodiment of the present

invention; and Figure 2 |s a cross sectional view of the reaction

containment assemb gt eperinéensbitiayerswindsan optional

precursor layer disposed on an |nS|de surface of the reaction containment

assembly in accordance with one embodiment of the 15 present

invention. Detailed Description of the Invention The present invention is

geri@aliplgvdoe ddtawingr esssfoilsigtthtisizingf adinboRderdsmpbsitien present

layer via non-contact pressure containment. The process of the present
inverigerah aielnpdsrdgpsimdalihitdiy otvaritunses lagersnpasseddntdbe claims

pressure, and then heating the plurality of precursor layers under the
formiﬁ@mﬁrﬁéé’ﬂep@@%G%l@@a reaction temperature sufficient to promote the

formation of the thin film or composition layer. The process of the present

invention facilitates the synthesis

Figure 1 is an assembly view of a reaction containment assembly or reactor
with a plurality of precursor layers supported on a substrate in accordance with one

embodiment of the present invention; and

Figure 2 is a cross sectional view of the reaction containment assembly with
the precursor layers and an optional precursor fayer disposed on an inside surface of
the reaction containment assembly in accordance with one embodiment of the

present invention.

Detailed Description of the invention

The present invention is generally directed to a process for synthesizing a film
or composition layer via non-contact pressure containment. The process of the
present invention includes exposing a plurality of precursor layers to non-contact
pressure, and then heafing the plurality of precursor layers under the non-contact
pressure to a reaction temperature sufficient to promote the formation of the thin film

or composition layer. The process of the present invention facilitates the synthesis
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5 of films or composition layers of desired crystalline structure,
nanostructure and electronic properties using precursor layers deposited
on a substrate and non- contact pressure containment. 5 The process of
the present invention provides for two or more precursor layers deposited
in a stacked or laminate arrangement on a substrate. The process of the
of filpeesencpatdiofuriaeerprahcesiiaterantitalirtwsienchdjocerrsicuctore and
layers to produce the resulting film or composition layer. The interaction
electripeiwepronndny susinyepsscansee dhgarcaliépgsitehatants feulstgte and non-
product) and/or physical 10 (e.g., two polymers intermingling to form a
contagh posaereocantainetais.diffusing together to form a solid solution). The
term "non-contact pressure” is intended to refer to any pressure exerted
on the precursor layers without physical contact with a solid pressure
imposing 15 material. This contact pressure may be generated by any
sUitsbl@ineess piclidingrdangniotiiantdriopdinddes iforcaeingtheded precursor
pressure (e.g., gas pressure) in fluid communication with the plurality of
layerpdepesterhyes ssa@iading Rvipetzablengeneil in sssabistisrewilhtherocess
plurality of precursor layers within a closed volume and vaporizing the
of thgapssaitldnvandical fudese piertedasointomeiioprostueewithiie@nthprecursor
closed volume. The present process overcomes the problems associated
layersvith predessethe resulting film or composition layer. The interaction between

precursor layers can be chemical (e.g., reactants forming a product) and/or physical
(e.g., two polymers intermingling to form a copolymer or two metals diffusing

together to form a solid solution).

The term “non-contact pressure” is intended to refer to any pressure exerted
on the precursor layers without physical contact with a solid pressure imposing
material. This contact pressure may be generated by any suitable means including,
but not limited to, directly increasing the fluid pressure (e.g., gas pressure) in fluid
communication with the pluraiity of precursor layers, or placing a vaporizable
material in association with the piurality of precursor layers within a closed volume

and vaporizing the vaporizable material to generate the non-contact pressure within

the closed voiume.

The present process overcomes the problems associated with processes
where material deposition of the precursors and reaction between the precursors

occurs simultaneously. The present process separates the material deposition and
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where material deposition of the precursors and reaction between the
precursors occurs simultaneously. The present process separates the
material deposition and 6 reaction process into two discrete steps for
improved management of the process requirements for each step. This
facilitates better control of the composition, structure and deposition of

reactide precarsoiriayevecotiscselassripsaiod anprizatiomahdbertbamiahe process
and/or physical reactions forming the final film or composition layer 5

requitengerpsodoict dayer) stdie protessfatiliatpeessstdnvennaawdfbie composition,
described in context of the fabrication of a semiconductor layer, coating

structordilamtdese siidor ekemopiescuontvpliaioeyie ipatekes SHSE Bptimization of
However, it will be understood that the process 10 of the present invention

the chamimsligediionahgeikalppligations Huethggieitinedl lifitedr teothposition layer
fabrication of a composition layer, coating or film that may be used in a

(e.g., eroassehalyly )which in turn may be used in a larger assembly, or the
fabrication of a superconductor layer, coating or film for use in, for
example, an electronic device and/or system. 15 In one embodiment of
the present invention, a process for synthesizing a thin film or

cdrnpopitianetay et fribe priscalitirofgrteursal [dyerd sspiatedorentext of the

substrate, where the process includes the steps of exposing the plurality
fabricaftiprecefrsar semiconductor layer, coating or film for use in, for example, a
photovoltaic device and/or system. However, it will be understood that the process
of the present invention can be used in various applications including, but not limited
to, the fabrication of a composition layer, coating or film that may be used in a

subassembly, which in turn may be used in a larger assembiy, or the fabrication of a

superconductor layer, coating or film for use in, for example, an electronic device

and/or system.

In one embodiment of the present invention, a process for synthesizing a thin
film or composition layer from a plurality of precursor layers supported on a
substrate, where the process includes the steps of exposing the plurality of precursor
layers to non-contact pressure as defined herein, and heating the plurality of
precursor layers under the non-contact pressure to a reaction temperature sufficient

to promote the formation of the film or composition layer.

Each of the precursor layers is selected from a precursor material that can

effectively interact with the other precursor layer to form a desirable product layer.
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layers to non-contact pressure as defined herein, and heating the plurality
of 20 precursor layers under the non-contact pressure to a reaction
temperature sufficient to promote the formation of the film or composition
layer. Each of the precursor layers is selected from a precursor material
that can effectively interact with the other precursor layer to form a

The dessitable playgkrst layer prefEnablyeseisotddyérsrardiaretdentdyn e lestdds of the
from the elemental series of the periodic table including Group |
periogieiadies iGlodind | Glempnts|@ransy|@lemerits clechentmbiBationsvi elements
thereof. In a more preferred embodiment, the precursor layer is selected
and doonbimafioms dgadieof. séteriumyreoppfersedf iz rdootiimme s dheo prisinatsamsayer is
5 thereof. Each of the precursor layers may be composed of a form
seleckmietrtwy firbivan chetical celmeintna biposreamulfoynshdivernaryd combinations
compound, a multinary compound, or combinations thereof. In a preferred
thereembbdirherft bietirrgrosent layersiorg\theereactipnged pératioren elsdied from a
temperature selected at which physical and/or chemical interaction
chemigalhvwlemenht prdioesy rdayersisdnitidenh toyietdradlmdr zomfosiiprcompound,
layer. The reaction temperature is typically at least 1000C, more typically
or cofpbinafisma 8@geao 1000C, and most typically from about 400C to 700C.
15 In a preferred embodiment of the present invention, the non-contact
pressure is the pressure selected at which physical and/or chemical
interaction between the
In a preferred embodiment of the present invention, the reaction temperature

is the temperature selected at which physical and/or chemical interaction between
the precursor layers is initiated to vield a film or composition layer. The reaction
temperature is typically at least 100°C, more typically from about 300°C to 1000°C,

and most typically from about 400°C to 700°C.

In a preferred embodiment of the present invention, the non-contact pressure
is the pressure selected at which physical and/or chemical interaction between the
precursor layers is initiated to yield the film or composition layer. Preferably, the
non-contact pressure is at least 50 Torr, more preferably from about 100 to 700 Torr,

and most preferably from about 200 to 600 Torr.

The precursor layers may be deposited on the substrate through vacuum
deposition techniques, atmospheric-pressure deposition, and the like. Examples of
vacuum deposition techniques include, but are not limited fo, chemical vapor

deposition (CVD), atomic layer deposition (ALD), chemical solution deposition



10

15

20

precursor layers is initiated to yield the film or composition layer.

Preferably, the non-contact pressure is at least 50 Torr, more preferably

from about 100 to 700 Torr, and most preferably from about 200 to 600

Torr. 20 The precursor layers may be deposited on the substrate through

vacuum deposition techniques, atmospheric-pressure deposition, and the
(CSDikenidivam plegsid al arynom elegusitibortgEHAiD esnid divddikeut &eanaties of PVD

limited to, chemical vapor deposition (CVD), atomic layer deposition
proce@ded),ichiemhicalsdlution depolitided8 (G Shempatingyppysitainapdsctron-beam

evaporation (PVD), and the like. Examples of PVD processes include, but
evapeiatioot fioniteezn, derosdiavéiRivationletedtobdzrarepiuapkaBa), mised laser

beam deposition (IBD), molecular beam epitaxy (MBE), pulsed laser
depositipositipnitspoterary dnel tke likExErxaigsiesf oiatvssEphdripeessereleposition

deposition 5 include, but are not limited to, ultrasonic or pneumatic
includeoitaticon sprdiymitgdnidetubpsyinig  adirecewmitiiig, atrednspiontingrshitg, inkjet

die extrusion coating, and the like. In one embodiment of the present
sprayiimge dikse! theitingh-sorgect pistisgrsivhyibe ersicated afia iy credshg| the

fluid pressure within a closed volume through 10 introduction of the

corresponding fluid in association with the plurality of precursor layers.

The fluid may be a liquid or gas. Preferably the fluid is a gas. In another

emboaineenbof e pteddheipvesdionintention-dbetactpressact pressure may be

generated via increasing the fluid pressure within a closed volume through
introduction of the corresponding fluid in association with the plurality of precursor

layers. The fluid may be a liquid or gas. Preferably the fluid is a gas.

in another embodiment of the present invention, the non-contact pressure

- may be generated by adding a vaporizable material in association with the plurality

of precursor layers within a closed volume, and vaporizing the vaporizable material
within the closed volume to generate the non-contact pressure. This may be

achieved by heating the vaporizable material to a temperature sufficient to form a

vapor therefrom.

The vaporizable material may be selected from a solid, a liquid or
combinations thereof. The vaporizable material may also be selected from any
suitable material capable of vaporizing under conditions compatible with formation of
the film or composition fayer from the precursor layers, and does not adversely affect

the reaction between the precursor layers or the composition of the final product. |t
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may be generated by adding a vaporizable material in association with the
plurality 15 of precursor layers within a closed volume, and vaporizing the
vaporizable material within the closed volume to generate the non-contact
pressure. This may be achieved by heating the vaporizable material to a
temperature sufficient to form a vapor therefrom. 20 The vaporizable

will beatedetsiuayl He setheted fromzsbiolidatkhatichay bentinatonadbieseatart of the
The vaporizable material may also be selected from any suitable material

plurabigpeblerefwaporizire sindgsisoaditio psadmipatiblehwitbréaumesiom gbrih@ithin the
film or composition layer from the precursor layers, and does not

closeddvelisely. aifeet piidaeadtiombetiveenttbe thee guesemipirersralotiethe vaporizable
composition of the final product. It 9 will be understood that the

matetiaposizaidetevhtedal ey bemiecorptaritédiasdact Girthethalusalityliof of precursor
precursor layers or placed in proximity to the precursor layers within the
layerglosed volume. In a preferred embodiment of the present invention, the
vaporizable material is selected from the same material used to form the
plurality of precursor 5 layers. Referring to Figure 1, a reaction
containment assembly or reactor 10 containing a substrate 12 having a
plRelityiofptecuriguraydrs 24 saupionte dtmtstomets shevenfolyore reactor 10
embodiment of the present invention. The substrate 12 may be 10
contaielegted losir atey IsUhablegefrpttaitynsiteriet sussbr fsydos éxasuplesgdasthereon,
The
is shown for one embodiment of the present invention. The substrate 12 may be
selected from any suitable refractory material such as, for example, glass. The
plurality of precursor layers 14 are deposited onto the top surface of the substrate 12
via any suitable deposition process including, but not limited to, vacuum deposition

techniques and atmospheric-pressure deposition techniques.

The reactor 10 includes a base portion or sample carrier 16 and an upper
portion or cover plate 18. The reactor 10 is composed of a material or a combination
of materials exhibiting mechanical and thermal properties suitable for sustaining the
necessary non-contact pressures therein, and withstanding the conditions
associated with initiating the subsequent reaction of the precursor layers 14 including
high temperatures. Such reactor materials may be selected from graphite, titanium,
steel, and the like. The sample carrier 16 inciudes a sidewall 20 extending along the
periphery thereof and defining a central area 22. The central area 22 is configured

to receive and retain the substrate 12 therein.

10
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plurality of precursor layers 14 are deposited onto the top surface of the
substrate 12 via any suitable deposition process including, but not limited
to, vacuum deposition techniques and atmospheric-pressure deposition
techniques. 15 The reactor 10 includes a base portion or sample carrier
16 and an upper portion or cover plate 18. The reactor 10 is composed of
a Tireteciaver alatabhdtocoofiguaterifls exhiitngnnechanicabandnd 24 of the
thermal properties suitable for sustaining the necessary non-contact
sidewnk Hiref ithe redm) pied crithistanding/fhecqriditenoaskeciatatbigitbarrier 16, the
initiating the subsequent reaction of the precursor layers 14 including 20
covehighteeMperafores Biechulestchie mateithis thaydemseleated fRofghaphitestor 10.
titanium, steel, and the like. The sample carrier 16 includes a sidewall 20
The extesdipigtalohd thadpénpheny taededfand defnisgievesint@) afean22 Tiwt seal
central area 22 is configured to receive and retain the substrate 12

therethatvedrert. 0 Phbwmiby, fatectés plamitgd e thfdutacemenntovizhtetopatadal layer
24 of the sidewall 20 of the sample carrier 16. When placed on the

26 coappiedatiervEpdtizabieyengiktal18erelespsrbetdabstatdeidl2mdthimetbelected
central area 22 of the reactor 10. The cover plate 18 and the top end 24

from ohdhensidgsliiuin?0 setemimtightsepds thafehesodamOptidnatiynireationer thereof,
plate 18 includes a vaporizable material layer 26 composed of a

and deipesisblbenaterial Bheultapleizaplesitiate feb ceay bé\Gedactied doear plate 18 is
indium, gallium, selenium, copper, sulfur, sodium, and combinations

mountfssieof, the sample carrier 16, the optional vaporizable material layer 26 is

maintained proximal to and spaced apart from the plurality of precursor layers 14

within the central area 22 of the reactor 10. The vaporizable material layer 26

provides a source of vapor effective for generating the non-contact pressure within

the reactor 10 as will be described herein.

Referring fo Figure 2, the reactor 10 includes a bottom interior surface 38, a
side interior surface 40 and a top interior surface 42 for defining the central area 22.
in one embodiment of the present invention, the substrate 12 is disposed on the
bottom interior surface 38 within the central area 22. The substrate 12 includes an
optional base layer 28 of, for example, molybdenum, a first layer 30 of a precursor
material such as, for example, indium gallium selenide overlaying the base layer 28,
a second layer 32 of a precursor material such as, for example, copper selenide
overlaying the first layer 30, a third layer 34 of a precursor material such as, for
example, indium gallium selenide overlaying the second layer, and a fourth layer 36

of a precursor material such as, for example, selenium overlaying the third layer 34.

11
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and deposited thereon via a suitable deposition process. When the cover
plate 18 is mounted on the sample carrier 16, the optional vaporizable
material layer 26 is 10 maintained proximal to and spaced apart from the
plurality of precursor layers 14 within the central area 22 of the reactor
10. The vaporizable material layer 26 provides a source of vapor effective
The dovgeptatain@ thptiooiopinakigee sswepoiihibithenctactar 129@s2gilbbe material
described herein. 15 Referring to Figure 2, the reactor 10 includes a
whictbdstappicadivicrsufatbl88yith sitle iptedorssuriacret@idndsatdinintaridirst through
surface 42 for defining the central area 22. In one embodiment of the
fourtipresemsinvAnsaitatie salpstrebl? indispabddrongbeirbotiomeidenisle is indium
surface 38 within the central area 22. The substrate 12 includes an
gallivopsefetidasellayer2Boé! formodnaple, malytidelayey, 2dirsblaper @8mfsad on the
precursor 20 material such as, for example, indium gallium selenide
bottoovéarayimysinicoassd ayesid8 inssmrondfiiaye 82 of a precursor material
such as, for example, copper selenide overlaying the first layer 30, a third
layer 34 of a precursor material such as, for example, indium gallium
selenide overlaying the second layer, and a fourth layer 36 of a precursor
mateziascich 46, ifoplacad pido seleaaimeovecayigteatbid |aker 8dbstiaie 12 is
The cover plate 18 optionally includes a vaporizable material layer 26 of a
heatgddtetl® hewdthdsclypichily tompasbtewitbripemecarsehiviatedalsasst iplurality
the first through fourth layers. A suitable vaporizable material for use in
of pragigregarayers ifdignreact with one another through physical and/or chemical
interactions as described above. The reaction temperature is typically at least
100°C, more typically from about 300°C to 1000°C, and most typically from about

400°C to 700°C.

The plurality of precursor layers 14 is exposed to non-contact pressure at the
reaction temperature through vaporization of the vaporizable material layer 26. In
the absence of or in addition to the optional vaporizable material layer 26, one of the
precursor layers may be used as the vaporization material. A tight seal is made
between the cover plate 18 and the sidewall 20 of the sample carrier 16 to maintain
the non-contact pressure within the reactor 10. This is achieved by adjusting the
pressure of the heating vacuum chamber by supplying an inert gas such as nitrogen,
argon and the like, to produce a pressure of from about 100 Torr to 800 Torr within
the reaction chamber. The resulting chamber pressure exerts a force on the reactor
10, which tightens the seal between the cover plate 18 and the sidewall 20 and

substantially maintains the non-contact pressure within the central area 22 of the

12
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gallium selenide. The optional vaporizable material layer 26 may be
disposed on the 5 bottom interior surface 38 or side interior surface 40.
The reactor 10 is placed into a heating vacuum chamber. The substrate
12 is heated in the heating chamber to a reaction temperature, which
induces the plurality of precursor layers 14 to react with one another

reacttirdOgh iplwillidsd amdiersthedhiceadt1hétesactions’ aselesebecbaboveading vapor
reaction temperature is typically at least 100C, more typically from about

may BOAGm4606E amdantist typicpdydrom aittbet phaRGaT PRSCUTES: layers 14, on
plurality of precursor layers 14 is exposed to non-contact pressure at the

the bbBioeadtiteritanmerate e3thrdhghsidgdrization aithesaprizable rtasetta) interior
layer 26. In the absence of or in addition to the optional vaporizable

surfaosaédial layer 26, one of the precursor layers may be used as the
vaporization material. A tight seal is made between the cover plate 18
and the sidewall 20 of the sample carrier 16 to maintain the non-contact
pressure within the reactor 10. This is achieved by adjusting the 20
prigssorelt@tatine saamoadicvem ohdnebprasest pphinidpan ihertighs sewhbetween
as nitrogen, argon and the like, to produce a pressure of from about 100

the cPwertpletd Toranvtiie tideeattin didinbesafipteresutttng thambebe achieved
pressure exerts a force on the reactor 10, which tightens the seal

clampiegveepiabencolerpktedi8apthe sidewalbdoatie: substapitédlyt 8. The platen
maintains the non-contact pressure within the central area 22 of the 12

applies a mechanical pressure on the cover plate 18 of the reactor 10 to ensure that

the non-contact pressure is maintained within the reactor 10. The mechanical
pressure is from about from about 1 bar to 10 bar, and preferably from about 6 bar to

8 bar.

The substrate 12 is then cooled to yield a thin film or composition layer for one
embodiment of the present invention. The substrate 12 may be cooled down to a
temperature of from about 0°C to 300°C, and preferably 20°C to 50°C, by flowing an
inert gas {e.g., nitrogen, argon) through the heating vacuum chamber at a pressure
of about 100 Torr to 600 Torr. Alternatively, a water-cooled plate may be utilized fo

cool the substrate 12 in place of the inert gas or optionally in the presence of the

inert gas.
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reactor 10. It will be understood that the source of the pressure increasing
vapor may be disposed as one of the components of the plurality of
precursor layers 14, on the bottom interior surface 38, the side interior
surface 40 and/or the top interior surface 42. 5 In an alternative
embodiment of the present invention, the tight seal between the cover
plate 18 and the sidewall 20 of the sample carrier 16 may be achieved
clamping a platen of a mechanical press down onto the cover plate 18.
The platen applies a mechanic&@ggpuen the cover plate 18 of the
reactor 10 to ensure that 10 the non-contact pressure is maintained within
the reactor 10. The mechanical pressure is from about from about 1 bar
to 10 bar, and preferably from about 6 bar to 8 bar. The substrate 12 is
then cooled to yield a thin film orieesnmsisition layer for one 15
embodiment of the present invention. The substrate 12 may be cooled
dowriTieira Flem Pecatiucedf fsobabesitB et Prde8Greandipscier abbHl@esto
50C, by flowing an inert gas (e.g., nitrogen, argon) through the heating
vacuum chamber at a pressure of about 100 Torr to 600 Torr.
Alternatively, a water-cooled plate may be utilized to cool the substrate 12
inAvldoim ofzinéniaiert gfaprecomsionadydrsthe prasesiesdobines 29486rsg@strate via
13
vacuum deposition process. The laminate includes about 400 nm of molybdenum as

a base layer, about 1000 nm of indium galiium seienide as a first layer overlaying the
base layer, about 500 nm of copper selenide as a second layer overlaying the first
layer, about 150 nm of indium gallium selenide as a third layer overlaying the second
layer, and about 100 nm of selenium as a fourth layer overlaying the third layer. A
reaction containment assembly or reactor, having a base portion or sample carrier
and an upper portion or cover plate, is obtained. The sample carrier includes a

sidewall extending along the periphery thereof and defining a central area,

The glass substrate with the laminate side up is placed within the central area
of the sample carrier. A layer of about 500 nm of indium gallium selenide is
deposited as a vaporizable material via vacuum deposition process on a middie
portion of the cover plate. The cover plate is then placed on top of the sample
carrier completely enclosing the glass substrate and the vaporizable material on the
cover plate within the central area of the reaction containment assembly. When
pressure exterior to the reaction containment assembly is greater than the central

area, a hermetic seal is formed between the sidewall of the sample carrier and the

14



10

15

20

EXAMPLES Example 1 5 Thin Film Produced via Non-contact Pressure
Using An Inert Gas A thin laminate of precursor layers is deposited on a
glass substrate via vacuum deposition process. The laminate includes
about 400 nm of molybdenum as a base layer, about 1000 nm of indium
gallium selenide as a first layer overlaying the 10 base layer, about 500

covemnmiatbcopites settioitegadiiasecashldyelzgerrianingdhediist ayer,isboudintained
150 nm of indium gallium selenide as a third layer overlaying the second

spacéayapahif@bahiclathnmatofsetbrighss aifstrthdayer overlaying the third
layer. A reaction containment assembly or reactor, having a base portion
or sample carrier and an upper portion or cover plate, is obtained. The
sample carrier includes a 15 sidewall extending along the periphery

th€reoteactideficingzireesttabasea JihdQisssulisteaip avithdhehlaninaie acuum
side up is placed within the central area of the sample carrier. A layer of

pressaleut w80 onfiohiackunithellitharmelenisietis: deresitcdwasaategozabi®essure of
material via vacuum deposition process on a middle 20 portion of the

aboutdt [late. THescolEspiaubst therithredhen topotibthesampimarardesembly is
completely enclosing the glass substrate and the vaporizable material on

heatdgtetccavdepiptratitren dheabentral 3082, of Thereafttion entdiamest is filled with
assembly. When pressure exterior to the reaction containment assembly

nitrogsyrgaseatith prihesodntdl tareasadiemptiesseabiofarbad Bogvdern the ensure a
sidewall of the sample carrier and the

good seal between the sample carrier and the cover plate. The glass substrate

within the reaction containment assembly is heated to a reaction temperature of

about 575°C. Using a water-cooled plate, the glass substrate is then cooled in the

presence of nifrogen gas to a temperature of about 50°C to vield a thin film for one

embodiment of the present invention.

Exampie 2

Thin Film Produced via Non-contact Using a Mechanical Press

A thin laminate of precursor layers is deposited on a glass subsirate via
vacuum deposition process. The laminate includes about 800 nm of molybdenum as
a base layer, about 1000 nm of indium gallium selenide as a first layer overlaying the
base layer, about 500 nm of copper selenide as a second layer overlaying the first
layer, about 150 nm of indium gallium selenide as a third layer overlaying the second
layer, and about 100 nm of selenium as a fourth layer overlaying the third layer. A

reaction containment assembly or reactor as described in Example 1 is obtained.
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14 cover plate. The indium gallium selenide layer on the cover plate is
maintained spaced apart from the laminate on the glass substrate. The
reaction containment assembly is placed into the chamber of a vacuum 5
pressure oven or furnace. The chamber of the oven is evacuated to a
pressure of about 10-3 Torr. The glass substrate within the reaction
containment assembly is heated to a temperature of about 250C.
Thereatfter, the chamber is filled with nitrogen gas and pressurized to a

rebiot @igre ssistratabattt 4R0I3eninesrisad igondceehhitivees tantral area
sample carrier and the cover plate. The glass substrate 10 within the

of theeaetiopieootaiiementiasagarblf ibeate8d0 awaagtiondempejaliithokelenide is
about 575C. Using a water-cooled plate, the glass substrate is then

deposibededin gheapreranide of sitnigenigagsdoum tenugatiterobabeek SR ta middle
yield a thin film for one embodiment of the present invention. 15 Example

portich TfinHelmoPepchiets viiidooeeentpittsingladdechanicpl Hrese Adhiple carrier
laminate of precursor layers is deposited on a glass substrate via vacuum

complisipdsitionlpstee ske Thebkimiratnth thul s @bz REOnmatcofanoty idemsver plate
as 20 a base layer, about 1000 nm of indium gallium selenide as a first

withirlajles cveniegingre bisiniayescthoutdadfammeimtoppsesdisnidétsea pressure
second layer overlaying the first layer, about 150 nm of indium gallium
exterseldnidbaasaatiioh layertaveniayingsthendsigond greater than the central area, a
hermetic seal is formed between the sidewall of the sample carrier and the cover
plate. The indium gallium selenide layer on the cover plate is maintained spaced

apart from the laminate on the substrate.

The reaction containment assembly is placed into the chamber of a vacuum
pressure oven or furnace. A platen of a mechanical press is positioned on the cover
plate of the reaction containment assembly. The chamber of the oven is evacuated
io a pressure of about 10 Torr. The substrate within the reaction containment
assembly is heated to a temperature of about 150°C. Thereafter, the platen applies
a mechanical pressure of about 7 bar onto the cover plate to ensure a good seal
between the sample carrier and the cover plate. The substrate within the reaction
containment assembly is heated to a reaction temperature of about 600°C.
Thereafter, the mechanical pressure exerted by the platen is removed. The
substrate is then cooled by flowing argon gas at a pressure of about 400 Torr
through the oven chamber to a temperature of about 50°C to yield a thin film for one

embodiment of the present invention.

16



layer, and about 100 nm of selenium as a fourth layer overlaying the third

layer. A reaction containment assembly or reactor as described in

Example 1 is obtained. 15 The glass substrate with the laminate side up is
placed within the central area of the sample carrier. A layer of about 500

nm of indium gallium selenide is deposited as a vaporizable material via
vacuum deposition process on a middle 5 portion of the cover plate. The

cover plate is placed on top of the sample carrier completely enclosing
thensubfirateoang thigsvapsidzabléguiatasial emthedoyaitdate nvatbip theemplary
central area of the reaction containment assembly. When pressure

embogitesiotstothira gaeipmcaniaitant aseerlilisis grepteatamihe semidcognize
area, a hermetic seal is formed between the sidewall of the sample

from sautietigodskieroxred Hbpaies Sbedndiunyaallidraerigsidadayames, it various
cover plate is maintained spaced apart from the laminate on the

changebstraidifithtgeaciion cartaiomenbassenbidis facerhinipHbetchapapehg from
of a vacuum pressure oven or furnace. A platen of a mechanical press is

the spidsitindetopetoé taveivdSiplaesaldfingdantian corvaimyeniassembly.
The chamber of the oven is evacuated to a pressure of about 10-5 Torr.
The substrate within the reaction containment assembly is heated to a
temperature of about 150C. Thereafter, the platen applies a mechanical
pressure of about 7 bar onto the cover plate to ensure a good seal
between the sample carrier and the cover plate. The substrate within the
reaction
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20 containment assembly is heated to a reaction temperature of about

600C. Thereafter, the mechanical pressure exerted by the platen is

removed. The substrate is then cooled by flowing argon gas at a pressure

of about 400 Torr through the oven chamber to a temperature of about

50C to yield a thin film for one embodiment of the present invention. 16

The foregoing discussion discloses and describes merely exemplary

embodiments of the present invention. One skilled in the art will readily
WhatrecQuiip@ditem such discussion, and from the accompanying drawings

and claims, that various 5 changes, modifications and variations can be

made therein without departing from the spirit and scope of the invention

as defined in the following claims. 17 What Is Claimed Is: 1. A process for
1. syntbesiging ferthinrditiesiriegmpasit gmtaperdsenm coplorlityef froBfes BRREIity of

layers supported on a substrate, said process comprising the steps of: a)
preclespongrsaid phoadity of precutstestiaysititproeeOBREbRERSG U aRadDF:

heating said plurality of precursor layers under said non-contact pressure

toa pengaetion wappetatalieysoificenirnplageetetthadaronitast grsaid fdmand

or composition layer. 10

b} heating said plurality of precursor layers under said non-contact pressure to

a reaction temperature sufficient to promote the formation of said film or composition

fayer.

2. The process of claim 1 wherein each of said plurality of precursor layers is
selected from the elemental series of the periodic table consisting of Group |

elements, Group tl elements, Group Vi elements and combinations thereof.

3. The process of claim 1 wherein each of said plurality of precursor layers is
selected from the group consisting of indium, gallium, selenium, copper, sulfur,

sodium, and combinations thereof.

4, The process of claim 1 wherein each of said plurality of precursor layers is
composed of a form selected from a group consisting of a chemical element, a
binary compound, a ternary compound, a multinary compound, and combinations

thereof.

5. The process of claim 1 wherein said reaction temperature is at least 100°C.
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2. The process of claim 1 wherein each of said plurality of precursor layers
is selected from the elemental series of the periodic table consisting of
Group | elements, Group lll elements, Group VI elements and
combinations thereof. 15 3. The process of claim 1 wherein each of said
plurality of precursor layers is selected from the group consisting of
indium, gallium, selenium, copper, sulfur, sodium, and combinations
thereof. 4. The process of claim 1 wherein each of said plurality of
6. Ppreeursasdayersiisizmh®mpessia aha foattiselasiaadran @ GEdm about 300°C
consisting of a chemical element, a binary compound, a ternary
to 1060Adhound, a multinary compound, and combinations thereof. 5. The
process of claim 1 wherein said reaction temperature is at least 100C. 18
6. The process of claim 5 wherein the reaction temperature is from about
300C to 1000C. 5 7. The process of claim 6 wherein the reaction
7. teMpembtess fookahiidbeinahedMacBohhepmsessrefislaignilabout 400°C
wherein the non-contact pressure is at least 50 Torr. 10 9. The process of
to 700Fm 8 wherein the non-contact pressure is from about 100 to 700 Torr.
10. The process of claim 1 wherein the non-contact pressure is fluid

pressure.

8. The process of claim 1 wherein the non-contact pressure is at least 50 Torr.

9. The process of claim 8 wherein the non-contact pressure is from about 100 to
700 Torr.

10.  The process of claim 1 wherein the non-contact pressure is fluid pressure.

11.  The process of claim 10 wherein the fluid pressure is gas pressure.

12.  The process of claim 1 wherein the exposing step further comprises:
enclosing the piurality of precursor layers in a closed volume: and

increasing the pressure within the closed volume to generate the non-contact

pressure,

13.  The process of claim 12 wherein the pressure increasing step further

comprises supplying a fluid into the closed volume, whereby the pressure within the

closed volume increases.
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15 11. The process of claim 10 wherein the fluid pressure is gas pressure.
12. The process of claim 1 wherein the exposing step further comprises:
enclosing the plurality of precursor layers in a closed volume; and
increasing the pressure within the closed volume to generate the
non-contact 20 pressure. 13. The process of claim 12 wherein the
pressure increasing step further comprises supplying a fluid into the
closed volume, whereby the pressure within the closed volume increases.
19 14. The process of claim 12 wherein the pressure increasing step
further comprises: 5 adding a vaporizable material in association with the

14. pluitaditypedesesursorciayers withindhsiclared patdmeasantdoyapemgngdie further
vaporizable material within the closed volume to generate the non-contact
compisssure. 10 15. The process of claim 14 wherein the vaporizing step
further comprises heating the vaporizable material. 16. The process of

Claitalihg) veh eegioriaith vapriteaidleimaiesiadistreleaias framplhipleraenimbeursor
series of the periodic table consisting of Group | elements, Group Il 15
layersledftantthESemgad/ holementammd combinations thereof.
vaporizing the vaporizable material within the closed volume to generate the

non-contact pressure.,

15.  The process of claim 14 wherein the vaporizing step further comprises

heating the vaporizable material.

16.  The process of claim 14 wherein said vaporizable material is selected from
the elemental series of the periodic table consisting of Group | elements, Group I

elements, Group Vi elements and combinations thereof.
17.  The process of claim 14 where said vaporizable material is selected from the
group consisting of indium, gallium, selenium, copper, sulfur, sodium, and

combinations thereof.

18.  The process of claim 1 further comprising the step of depositing the plurality

of precursor layers on a substrate.

20



17. The process of claim 14 where said vaporizable material is selected
from the group consisting of indium, gallium, selenium, copper, sulfur,
sodium, and combinations thereof. 20 18. The process of claim 1 further
comprising the step of depositing the plurality of precursor layers on a
substrate. 20 19. The process of claim 18 wherein the depositing step is
19. carhedmwotessachrdeess teledteddinnhthaigmgitioonsigmdoiomdednout via a
deposition, atmospheric- pressure deposition, and a combination thereof.
proces@lselected from the group consisting of vacuum deposition, atmoespheric-

pressure deposition, and a combination thereof.
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