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SYNTHESI ZI NG-A THI*N FI LM OR COVPCSI TI ON LAYER VI A

NON- CONTACT PRESSURE CONTAI NMENT Rel at ed Application
5 This Application clainms the benefit of
priority fromU.S. Provisional Patent Application
FROCESS\BORGIY RTHESRIRING At TH INeil LVEPRt GOMPOSITIGNI LdsYER VIA
Usi ng Precursor Layers and Non-contact Pressure

Cont ai nment , NON-CONTACTEPRESIWIRE CONFT AINMBRNTt he -

I nventi on The present invention relates to a
process for synthesizing a filmor conposition |ayer
vi-a non-contact pressure contai nnent. 15Background of
the Invention TRelatkd |Applicdtionat eri al s are used
in various applications. For exanple, in applications
where the thin filmis electrically active, the

el ectrical activity varies depending on the nature of

t heTI'\l@YR;‘SpI|cEt|éﬁT%léin9u§pm§egeﬁéfﬁt @Fc;ﬁiohgm‘roﬁbfwsbﬁroxﬁgonal Patent
materials such as Cu, In, Ga, Se and S which are

Apﬁﬁb‘ﬁbﬁ' S¥rigiengr r6919mt7°9(§§5 &ntfet S)SyntHesfel Of IFifes (Lﬁau%?)ﬁ’recursor

I'ni_xGax(SySeil )Yk (where 05x51 05y51 and k
La)?é?Q p'mé‘arﬁa&)dpraeé{ﬁem BhOVHSH ighe BPRIdEat i on i
op fderectroni ¢ devices |nc ng phot ovol tai ¢ devi ces

such as sol ar cells.

Field of the Invention

The present invention relates to a process for synthesizing a film 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. Films composed of excellent absorber
materfals such as Cu, In, Ga, Se and S which are generally referred to as CIGS(S),
or Cu(ln,Ga)S,Se), or CulnixGay(S,Seq1.y)k (where 0sx<1, 0<y<1 and k is
approximately 2) have been employed for application in optoelectronic devices

including photovoltaic devices such as solar celis.
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One technique for formng Cu(ln, &) (S, Se)2 type thin
films for solar applications involves depositing a
first precursor layer of (In, Gy(S Se)i vy on a_ first
sulf3ne ateshpigye d &odPiming g:ufml‘%%)é'%éﬁ )rWH% &“%e@ﬁﬁd for solar
precursor |ayer of Cu.Se (where 15)(52) on_a second
appiigatiansaineoives depesitinthaciiBl presuesof iaugr sif dHsGab(S §etinaan a first
the first 5 and second precursor |ayers can contact
suhstrate and Hepositing aifilre senipining arsgeend pracussnitlayer of Susrag éwhere
to establish and naintain a planar interaction front.
1sx4@xtoni & sebend apbstiatel ansd meshanically exriting PEREULT e dratdhe first
. layers under pressure to forma desired final filmor
and eeporsd tprecursary lyersThan raentdat i gaghf other andc dingellyi intesact.  The
| ayer is incorporated into a photovoltaic device as an
coradctas eadé &y establiste ahd makinfain @ planabinteractioro fronky &eal s then
may be further processed to tailor the defect
appsiet uet theefiran dha rsecond precuesarfleyeranoeler Thessure ¢ iomue, desired
however, |acks fine control over reaction

findl iR 0 dpmpBkition fyer nThe résultirgy foh orgcgmpdsition layert ik éncorporated
rigid substrate due to the need to apply sufficient

intd 8 PhotévoltBicedeiicd 88ah M3ertdr 1&yee. STHesfii@tfid® or composition layer
nmechani cally conpliant as to establish intimte

ma§ B RirthePBioMBEsed fetaRbremir detect AxREe Aindidrampteva Serformance.
Scale, thereby partially 15reacting the precursors
ThieefehRighe! lhoweUEACiacks fehk8MPsl- 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 to establish

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 fnanner, 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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a process for synthesizing a filmor conposition |ayer
Vi a non-contact pressure containnment, which provides
preci se control over the reaction thernodynam cs and
preci se material 20 grading profiles across the film
thickness. In this of i achieves a film
or conposition |layer of favorable crystalline
structure, nanostructure and desirable electronic
properties, especially for use in photovoltaic
appThe ptesens inveMEH (¢34 gehetallpdo a0 <00 IYrithSsirimgray film or
of the Invention The present invention relates
corpposition layet viaanaprecniact pressusy sbhitaminzeng Taefproteserof the present
conposition | ayer via non-contact pressure
inveAMSraintitIek . exposingr®» pesalitpfof torecursesrpers © henedritaenpressure,
i ncl udes exposing a plurality of precursor layers to
and ERETCIRSHtAG tthe PRASIIY 6f pAstdrson tayehe ahddraht Menmlontah piassure to a
of precursor |ayers under the non-contact pressure to

reatib® AfelmpsitafupsTPSUAdiIGNte t6 UpfonsdteNthel doMABA @ft B thin film or
formation of the thin filmor conposition layer. In

coifBSsificPadidrentin bhe @hB6difend! tHh@rédeasest théVsekémninvention
facilitates the synthesis of filnms or conposition

fadiiRABE ?hé3§¥r9ﬁ§§i£ %gﬂlﬁféf &t @rhp&ticH YElsWrtiesirdd crystaliine structure,

nanostructure and el ectronic propérties using

narﬁ’és‘?&%ﬁﬁ?éarlm@yé?é&rd#ﬁd)cﬁ"bﬁ&qegnué’i‘ng°'%Eﬁ@&?rlaﬁ?g deposged on a

non-contact pressure contal nnent”. particular, th

subtité Ssndh ﬁ-%&t%?é%@%uée‘%&ﬂéiinﬂ{érﬁr Qﬁié%?ﬁcl.ﬁ%ﬁotl%r fBREEs of the
precursor Payers deposited in a stac or T'am ngte
pre %bgﬁ%@ﬂ%ﬂ PPcR/i sStW?JSBrr e ﬁTgtgﬁ%?rgl‘réggr%ygé%c}aﬁﬂgd R @5§3kked or

! IOn pronotes a ChEﬁ]C
e Ao ARG O A G0 o, PEB Bt off g bt invention
Profgpigh,p DHeCEH) B ARG PLEA i EFRERP BERPESH SRigEnGPectisor layers

wi t hout physical contact with a solid pressure
to priegHss Hs reaviting fim oreerapegiemlayehr essure may be
generated by any suitable nmeans including, 20 but not
limted to, directly increasing the fluid pressure
(e.%. , gas pressure) in fluid communication with the
pl uthe tern gToneantast JWessug essntepded g cefgg tq any pressure exerted
vaporizable material in association with the plurality
ongthe . presuisos dayaraMsthouhi Rhysigak certgst withop usRlidapegssure imposing
vapori zing the vaporizable material to generate the
matenel.c Jhisacentpcteyessuse hayhbe generatgchby @ny suilakie 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 closed volume
and vaporizing the vaporizable material to generate the non-contact pressure within

the closed volume.
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| ayers may bé deposited on the substrate through
vacuum deposi tion techni ques, atnospheric-pressure
deposition, and the |ike. Exanples of vacuum
deposition techniques include, but are not limted to,
chem cal vapor 5 deposition (CVD), atomc | ayer
deposition (ALD), chem cal sol ution dep03| tion 6 DP’,
pl al e Preqisdsi [Byersy A} P2\AgpesitRd R theveybstiatg t fﬁeg vacuum
i ke. Exanples of PVD processes include, but are no
depasiianeteChBiguesh AtOSPREBIESE YIS rASROSEONT and e fke- Examp'es of
evaporation, ion beam deposition (I BDZ1 nol ecul ar beam
vaapim a8@positBE) techniases INgkige. @elpo%?t neh limifedt o r ehgynical vapor
and the |ike. Exanples of atnospheric-pressure
depizsitin {(CYP).1 Giterslcu dayer bdepasitionn 6ALD), nthemicab, solution  deposition
ul trasonic or pneumatic atom zation spraying, inkjet
(CSDy, apjativgg, pitysiealt vamor tevagoeration BWDpr and they likes| dixamipées of PVD
extrusion coating, and the I|ike. In one
prozepsas indludé)ebptr esennoti fimitad i ton, thetmeale evapgration, d et¢ction-beam
process for synthesizing a thin filmor conposition
evapyatiorf, iembearpldepasitioy (IBD) pmetecuiso bebenyepitaxg SVBE), pulsed laser
supported on a substrate, which conprises the steps
dedsition, sputteririg, eariotHentikel hExamplesl ot stnedspbedcpressure deposition
| ayers to non-contact pressure; and b) heating

include, Putiafd inbY liRite® t6 CUItragbnit Jy QreukizdieratbMezation spraying, inkjet
non-contact pressure to a reaction tenperature

sp%zﬁnggglreﬁigvgﬁlﬁg%?é@ﬁ griﬂith@, 1ot gRtdx@sioh doatng, dnd the like.

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

a) exposing the plurality of precursbr 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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the Draw ngs - : The follow ng drawi ngs are

illustrative of enbodi nents of the present 5invention
and are not intended to limt the invention as
enconpassed by the clains formng part of the

appl i cation. Figure 1 is an assenbly view of
a reaction contai nnent assenbly or reactor with a
plurality of precBlief@edcaptidrsofatp@rawidson a substrate
in accordance with one 10 enbodi nent of the present

i nvention; and Figure 2 is a cross sectional
view of the reaction contai nment assenbl y with the

pr ethe Sﬂillo‘lrvﬁhbe@a@lﬂgs agreoNlistratle P QMitEimbMLebf the present
di sposed on an inside surface of the reaction

mv@ﬁf’érﬂhﬁﬂ%‘ﬁé ndf MEHded 1oNirAit B FRBARGorRE @n@ﬁﬁpﬁﬁ&idbm claims
of the 15present invention. Detail ed Description of

for;,h.eg paYY 8PiHedpphbstid esent invention is generally
directed to a process for synthesizing a film20 or

conposition |ayer via non-contact pressure
cont ai nnent. The process of the

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 layer 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 prbcess 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 heating 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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precursor |layers to non-contact pressure, and then
heating the plurality of precursor |ayers under the
non-contact pressure to a reaction tenperature
fficient to pronote the formati of the thin fil
of Blms. siiReSion layers O%résks?%&é%%ao'ﬁ?e (YO spgpostructure and
invention facilitates the $ nt hesi s .. PCT/ US20
cleBirORIF pRIPRETES CYIRPIACKFOT TR GEPBSIRRL SN Potilyslgls &nd non-
of desi red.cr%st alline structure, nanostructure and

COBPEIRTBEIMIE CRPIFEM’Mes usi ng precursor |ayers deposited
on a substrate and non-contact pressure contai nment.
5The process of the present invention provides for two
or nore precursor layers deposited in a stacked or '
| and e trE0caSSaply Bt RIEseRt Anvanyen rripwdesHar dwe sEofs precursor
the present invention further pronotes interaction
laygest geposited jima stacked «f iarsinate ayangenmentnios selstiaie. The process
resulting filmor conposition |ayer. The interaction
of Bt \meesenprimvantionriurthgie proraetas Hetesardionchgtween gadjacent precursor
reactants form ng a product) and/or physical 10(e.qg.,
layessotoppiogoee ghe mesaitingn fim 1o comppsitian dayasp ol yeninteractiemdetween
nmetals diffusing together to forma solid solution).
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 plurality of precursor layers, or placing a vaporizable
materiél 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.

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

6
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to any pressure exXerted on the precursor |ayers

wi t hout physical contact with a solid pressure
i mposing 15 material. This contact pressure may be
generated by any suitable nmeans including, but not
reaction tpeakess, inth tvexr tisgrate stepmss fon dmpheveld miadageresstuofethe process
(e.g., gas pressure) in fluid comunication with the
requiramehtst Yoroeapin estep s oiThisayailgatesr bgttexc comtral of the composition,
vapori zable material in association with the plurality
strudturer ardi depasifiary ef thewprieburson layeas ed avslihstmate rahd optimization of
vapori zing the vaporizable material to generate the
theneterfiieal andl/oprphysicalerasictibng fatthind ehe [fidak diinv a@rustenposition layer
The present process overcones the probl ens associ ated
(e.4Vi prodREpagsses where material deposition of the
precursors and reaction between the precursors occurs
si mul t aneously. The present process separates the
mat eri al deposition and

PCTHA&SHdEHsQ00 ehe) et QRGN RAC bk OfledtriBEGSA EdHiEX of the

two discrete steps for inproved nmanagenent of the

fabREQTS Bf rf%@;igf@d&@%f%rflgijer‘?%gtiﬁé &R fififSr LSETih g&t BRample, a

etter contr the conposition, structure an

phtEPaEd EQﬂchanPnﬁ HERFHT %r,vlelvae{et;@mosbh ﬁné&@fﬂo@%gt taNSkocess

opti mzation of thé chem cal and/or physical reactions

ALt i £il . O ( -
of %%%%%tllﬁ;&gfrtlw%lan be meﬁrhng/éﬂBgéhéblg&%tl?ﬁé’e ﬁ%lr@g@m%ut not limited

roces
o SSRGS 4t o SR T 5 o], gyt paes o

f [ f. le, t | taj ' Ol
s . i B bR B b Feahdion or
solBaRS B sbRELET R i S 27 SRS 4§k aevoe

c?he fabrication of a conposition |ayer, coating or
ang/Or $%t8M4t may be used in a subassenbly, which in turn

may be used in a larger assenbly, or the fabrication

of a superconductor |ayer, coating or filmfor use in,

for exanple, an electronic device and/or system 15 _
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 thé 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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In one enbodi nent of the pr esenPGWM&ZQ)ﬁO/QOWCGd&@IO/OOMH
for synthesizing a thin filmor conposition |ayer from
a plurality of precursor |ayers supported on a
substrate, where the process includes the steps of
xposi ng the ?Iuralit of precurs

I t .
ThelohSBRDR (Y45 6L PEablYe PRREECH PRI e BRmedal sres of the

the plurality of 20 precursor | ayer nder the
penRsic dahie deeiu@pe Gioue |t lementsa GToHR 'ﬁeﬁﬁ@ﬁaﬁu%wp VI elements
sufficient to pronote the formation of the filmor i
angd sapbinations therpet: . In a more prgfaqrast empadigieat. e Rresulser ayer is
is selected froma precursor naterial that can o
sele¢tedcfrorndngiumtaalivm, seiemumheorraie SUliie8adisBy angdyegmbipations
form a desirabl e product |ayer.
thepel/ USan of the1rerurnsen Byersomey be qarepgsescefra frm sglegted from a
are preferably selected fromthe el enmental series of
cherigapelemeait.ca binane compount, rigte@any Fompsuaden faultingns ggmpound,
[1l elenments, Goup VI elenents and conbi nations
or tdrabieefiond theeeofior e pref erred enbodi nent, the precursor
| ayer is selected fromindium gallium selenium
copper, sulfur, sodium and conbinations 5 thereof.
Each of the precursor |ayers may be conposed of a form
sel pca prefefredembddimentadf the eiesent irveitionthe coagtionrtdmparature
ternary conpound, a nultinary conpound, or
is fRMainipdratans skleefedost whighapHysizhEand/dr erbmibamanéracfiort between
present invention, the reaction tenperature 10 is the
thel BrERAFsF Uayers 66 aafigtdd ab Wéll ch fiph s i coahpasitidholayem e The akaction
i nteracti on between the precursor layers is initiated

terhGerdiupd & BpidaliNa®lesz0 DO et typiealy frohrabe@ac300°0 to 1000°C,
tenperature is typically at |east 100C, nore typically

e Uy F8RCatdut 480t AacOst typical ly from
ang out ﬂE’OOCyto 700C. 15In a preferred enbodi nent of the

present invention, the non-contact pressure is the
pressure selected at which physical and/or chem ca

I nt ﬁa\rgiﬁhéf?ﬁgg’gﬁlﬁriﬁﬁﬂnéﬂeofﬁﬁ@fﬁ%s%ﬂf ir’v@%ﬁérﬁ l;)Iiu?‘ BH-ic%i'\iafc?gressure

to ylie or conposition l[ayer. rerera

is {hlge?rjggggrﬁsﬂe?@c%d ngﬁﬁéﬁl rb}s?coa@%ag%?%heﬁﬁ)ca-rgﬁtﬁgascﬁgﬁ ®etween the

prerer rom about orr, an

predufdar AN i€ iRfARR At yig8 dnk %08 L8bosition 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 to, chemical vapor

deposition (CVD), atomic layer deposition (ALD), chemical solution deposition
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substrate through -vacuum depositi-on techni ques,

at nospheri c-pressure deposition, and the liKke.

Exanpl es of vacuum deposition techni ques i ncl ude, but

are not limted to, chem cal vapor deposition (CVD),
(CaDprpistingyphysidapesidri evapratiBh ,(PYy maonalthe dikeit iEamples of PVD

deposition PCT/US2010/ 001pcuus2010/ 000914 (CSD),
pragessesnanclidey, s baglare apetr lientagotoat thermaP\éhaporatidn t letectron-beam

i ke. Exanpl es of PVD processes include, but are not

evapdratid idrobedmelopakition 4BD)atnotulaelbeaht epitdxgAMBE), pulsed laser
evaporation, ion beam deposition (IBD), nolecular beam

deSeHitidh Y% (Jﬁ@@g #hd gRdlikeds Exafpies bt bfesphetitippédsite deposition

and t he I|ke Exanpl es of atnospheric-pressure

mcﬂﬁﬁo%'u¥ LA net N&litdd o, Okaserie dtndumBticestobfization spraying, inkjet
ultrasonic or pneunmatic atom zation spraying, inkjet

spr%?irngyal?ébt mﬁitnﬁ?cécr%ﬁ bhr‘?cgwg §IQ>E G%rbﬁrrdslbtn' d’&ﬁtm§| aHd Heike.

usi on coafli ng, and ik I n one
enbodi nent of the present |nvent| on, the non-contact
pressure nay be generated via increasing the fluid

pr epSHEebblinte o? kr%sgﬁrgs%rﬂl iHEhtoR! ﬂ'}égrﬁbnlpéd?éﬁ%-ué‘édré’ Phay be

the correspon In assom atiron wt

gel%ﬂé{e?il '\53’ |9Ereré§%§e?ﬁé)rfl+&‘y§fe§s Hlﬁ“&' E!Bé’ecpevcﬁume through

erab I's a

o B T B8 g@ndwgéerﬂéao%an&“&

Iayeraspofh u% ?na teeg IIungud or gaSS Gl erab(l) the f}url]d Fshaeggl urality

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 materiél 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 layer from the precursor layers, and does not adversely affect

the reaction between the precursor layers or the composition of the final product. It
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vapori zing the vaporizable material within the cl osed
vol une to generate the non-contact pressure. This nay
be achi eved by heating the vaporizable material to a
_tenperature sufficient to forma vapor therefro
will ReTHedeTSigB thakinE YARCEFIble malpTialamakibePERIPPIAITH gs part of the
solid, a liquid or conbinations thereof. The .
PlusAlYoPT TEBUEOMIRYEFS af PIRRST 4 REPHBINS & e BrPCHISOmIaysys within the
sui table material capabl e of vapori zing ‘under ,
clogashepltmendn corisiRTas emRPEimens ohiie BiesBRt Metion, fhepyaporizable
co'nPQsi tion layer fromthe precursor |ayers, and does
matesial isdselpeter \from fide sameematasial usad de o she plurality of precursor
precursor |layers or the conposition of the final
laygnsoduct. It PCT/ US2010/ 001pcns2010/ 000914 - will be
understood that the vaporizable material may be
i ncorporated as part of the plurality of precursor
| ayers or placed in proximty to the precursor |ayers .
wi tReferringe te| Bigeck Viol aneeaction acqntaihgrent dassebddy nsnreastor 10
the present invention, the vaporizable material is
corgahingtasuistrate thdasiagm phatatity afl preswdor layérsrish supported thereon,
plurality of precursor 5l ayers. Referring to
is driogw for anedembaditient of dné dresenn invehtiendb| Theosubstmatd d2 may be
10 containing a substrate 12 having a plurality of
selPteq UrSararyay@itablel 4efsaioryr matkriahauebrys, ifor examid, ajlass. The
one enbodi nent of the present invention. The substrate

plufetity Bpre8urséia§érserd 8¢ depeBitenyntdithe abp Surfade Githelsubstrate 12
mat'erial such as, for exanple, glass. The plurality of

viaRIr§CaliitaBle depRitonlgroséss MeRAmgE Bt ABE Pmitée té,ORactilif 8gsdsition
of "t he substrate 12 via any suitable deposition

tecﬁu'éigﬁ&s Snd BfrhenRdc-pRddsuntO§epdsitidnBdciirfiguegacuum

osition techni ques and at nospheric-pressure
deposition techni ques. 15The reactor 10 includes a
base portion or sanple carrier 16 and an upper

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 includes 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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of a material or a conbination of materials exhibiting

nmechani cal and thermal properties suitable for
sust ai ni ng he necessary non-contact pressures therein,
and w thstandi ng the conditions associated with
I ni Thealcongr plate IBbsecpreigurac ot plagedent ba theepr emd 24 of the
| ayers 14 including 20 high tenperatures. Such

sidewal R0rofnthkesample danyerbs.s alvaen giadadoon gieghmpte carrier 16, the
titanium steel, and the like. The sanple carrier 16

coveh Pldiglas ehchisds\Wae bubdiragx e vithivg tred €ardral Brea22 bptrerngactor 10.
thereof and defining a central area 22. The central

Thél®@¥eP plate §8NANdIURE dop Oeh Rl b8 tABdsitiewall 'Rd Herm a tight  seal
substrate 12 therein. PCT/US2010/ 001Pcuus2o0i w000914

thefdbRtweRie! altdhalyl8ne Scooefn lagélHSQnEIQHe@aWEébI@%éﬂéﬂal layer
top end 24 of the sidewal [ 20 of the sanple carrier

26 t8mpYbsd oplaafa%negble hRatepaP! €hé %Ebﬁiabieﬁ mdt&al GR%Ebe selected

plate 18 encl oses the substrate 12 wwthin the central

froﬁ\r RRiuAe? gélhﬁ tsﬁl@ﬁi%‘?r Vovabger T8 O¥Ediuml 38 é&nlﬁﬂgtudrﬁethereof

top end e side 20 forma tight sea

and Bgﬁc?sk?t%ﬁ"{ﬁgr@on O é‘%lﬂgﬁﬁl%{ deégﬁgg?gﬂcegé a‘/ﬂw%ﬁtfﬁewvgpﬁéte 18 is

vapor | zabl e nat er onposed 0
mo\ég‘féecbéan%r%%lﬁ d&a? ier '{ge H’eaB flbﬁf}g\ﬁaepuo?nﬁét?%' r%%teﬁ[ﬁy iRfRer 26 is
e o S 49 i o
W't%'arﬂp‘ FE ﬁfﬁ%%?féﬁ%féi%g’éﬁptzZﬁh“%nréi{be'rzﬁg‘?w“? P e 2
BEMLECY i St
therzgrapr 49 5 2PL6E SBSHBOINREG a source of vapor effective

for generating the non-contact pressure within the
reactor 10 as will be described herein. 15Referring to
Figure 2, the reactor 10 includes a bottominterior
suriRefes '”&to Bigyredd. thetrearter 19upeixges Zobafiam é("t%?f surface 38, a
interior surface 42 for defining the central area 22.
side fintgrier ftaei4Rand aitor Hterfnreutace 43/ OharBANg th Central area 22.
substrate 12 is di sposed on the bottominterior
In one feeodgneni ohthe presenkiveatiomrtba supbstrates 13 Upglisppsed on the
12 includes an optional base |ayer 28 of, for exanple,
bottash yitedonusyriacef 36 vithinapercepbabarea 2.cdhiesuibstra@ 12 includes an
materi al such as, for exanple, indiumgalliumselenide
optionat bage tayet 28 dfafe dxaymie, 28olybdemuond firstylayer320 of agprecursor
precursor material such as, for exanple, copper
mattlat sucteasVier eagmnpig, iftturhigatiiun aglenidévedayihg the bageiayer 28,
34 of a precursor material such as, for exanple,

a dedghdinaygal 32 vmasprleenrisde mmeﬂélasuomgas htor saaepie,| eopper selenide
and a fourth layer 36 of a precursor material such as,

overRyingXMerfist IRl B0 Wntrideayéy BA Dt #rédlrssr Mayéral 3ich 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



10

15

20

PCT/ US2010/ 001Pcuus20i w000914 TRETHIS2Q1Q0PET/US2010/000914
optionally includés a vaporizable material |ayer 26 of
a material which is typically conpatible with the
precursor materials used in the first through fourth
ers. A suitable vaporizable material for us
Th@ WPSereR‘aFPpﬂ% opgonally; inatdes pj \Lﬁppgéatéﬁm@e"q*rrey%p%ﬁ eharmate"a‘
vaporizable material |ayer 26 may be di sposed on th
whighosttypicaliv eemnpatible vritichearesurssr draterialarused 18 he 4% through
40. The reactor 10 is placed into a heating
fougthiclayense hdwistitablg aporigale dnatefigh fof ygnirednip rﬁ&amﬁ'e is indium
heati ng chanber to a reaction tenperature, which
galliurd setenidene T optidnal yapsrizablecmatssial |axge? mey heodippegad on the
wi th one anot her through physical and/or chem cal 10
bottart émterien suface S8dx sidd intedionbayace 4the reacti on |
tenperature is typically at |east 100C, nore typically
from about 300C to 1000C, and nost typically from
about 400C to 700C. The plurality of precursor |ayers
14 Tise eogeted is plaved-intond heatiny exsiumectzmbdre TheSsubstrate 12 is
reacti on tenperature through vaporization of the
heatag o teahéatingedhaimbdr tb ayeactén tehiperatere verdcte mdateothe plurality
addition to the optional vaporizable material |ayer
of Bfocufdf Ifer N R RRILE With briey @hstheRYhrbeghipegsieal drior chemical
vaporization material. A tight seal is nade between

intdra6tigravas dusefibed baNg. t MaeSicdendn lte@Periturehr 8pilile at least

carrier 16 to maintain the non-contact pressure within

10642 rﬁSr%ny%fcaihﬁ froflaBoliS 36 RY e0odP L, affidusmbsN§/pidaty @m about

pressure’o heati ng vacuum chanber by suppl yi ng an
40b9tefd7¢R8. such as nitrogen, argon and the like, to
produce a pressure of from about 100 Torr to 600 Torr
wWithin the reaction chanber. The resulting chanber
pressure exerts a force on the reactor 10, which

g: gﬁ%\gﬁﬁ;@gﬁ g @cu% R G586 EQ;‘/&red%ar{o% é&rté"d?%réi!s%re at the

|aIIy mal nt ai ns

B
the é}bs%rré%%?(aberh%rﬁdrﬂ&?tosfprgro‘b?ioﬂgl falﬂshf’étﬁec' MHtErial " e'?%%'t Erge of the

I sposed as one o € conponent
oo ol Yot 8 Siotoal T B oo+ e
bet?N%%éotFretchert &gte d ?he srdreSV%ﬁ %0 02f'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 600 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
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S5 In an alternative enmboPQERIS2040F00MERSLOE2010/000914
invention, the tidht seal between the cover plate 18

and the sidewall 20 of the sanple carrier 16 may be
achi eved clanmping a platen of a nechanical press down
onto the cover plate 18. The platen applies a
reagte N tawillphe siadestana thiae treeo geurcp | aft the Il esdure lirecreasing vapor
reactor 10 to ensure that 10 the non-contact pressure
maly Dengispdseidredond bhihe dortponeatst sfrthd Plurdlitg ofrpidearsoc &yers 14, on
pressure is from about. from about 1 bar to 10 bar, and
thePb&iteth ableyiof sQaed B8t the Rafe Interforbairfacéh40 anbisr rtaé eop 2nterior
is then cooled to yield a thin filmor comnposition
surfateeq2 for one 15 enbodi nent of the present invention.
The substrate 12 may be cooled down to a tenperature
of from about OC to 300C, and preferably 20C to 50C,
by flowing an inert gas (e.g., nitrogen, argon)
t hrigug a B athRAE BB dirdsH Wtﬁé‘AﬁF&%ht ﬁiveﬁtlcm qR& hRt Sdal between
about 100 Torr to 600 Torr ternatively, a

theV‘@cL el 8 Rk ake o s"GBWJHeZ?iUf theZ @drripRe €8fier tBEmMay be achieved

strate 12 in place of e inert gas or optionally

o T LS, YA BB OB e

appile WG ednYhiBaNRBs SR LAGhe RbESSHAER 16 bithe/12abdfb t5%sure 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 € 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 to
cool the substrate 12 in place of the inert gas or optionally in the presence of the

inert gas.
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A thin lanmnate of precursor | a?@-E/USZQ1)Q§09@§Tdr$2@0/000914
gl ass substrate via vacuum deposition process. The
| am nat e i ncludes about 400 nm of nol ybdenum as a base
| ayer, about 1000 nm of indiumgalliumselenide as a
first layer overlaying the 10 base |ayer, about 500
nm of copper selenide as a second | ayer overl aying the
first layer, about 150 nm of %gunrgalllunrselenlde
as a third | ayer overlay$ econd | ayer, and
about 100 nm of seleniumas a fourth |ayer overl aying
the third layer. A reaction contai nnent assenbly or
reactor, having a base portion or sanple carrier and
an upper portion or coveExpmplel is obtained. The
sanpl e carrler |ncludes a 153|demall ext endi ng al ong
t he pé& cedy ' Piessureddsing An lpem Has
The glass substrate with the | am nate side up is
placed within the central area of the sanple carrier
A layer of about 500 nm of indiumgalliumselenide is
depbsthtre thrainate b pozdursds| layenst isr deposited am@uglass substrate via
deposition process on a mddle 20 portion of the

vacuuvie deposition probessc olier Iaptinate induddseabaqit 406 chno of thofybdénum as
the sanple carrier conpletely enclosing the gl ass

a bagb$dyieat sboan d 000 anvefiadiuradaitumsetnidd aoa firstéayenweerlaying the
plate within the central area of the reaction

baseO Hyat, HBvt 500 SRATF opp¥resti@ries 28r£ sexdrief lager beeridying the first
reaction contai nnment assenbly is greater than the

Iayére bbal 150 B, ofandlﬁﬁ\"?ﬁlliuﬁn serhidesas’ ® tHiROahert oveayihhehe second
i dewal | of the sa e carrier and the

|ayECHnHS@&>L@/1@@ P& foff léé%‘ﬁhﬁﬁ QRGP fhirhOoM pér We@la?rn?'ﬁhé third layer. A

[ ndr um gal | i um sel eni de | ayer on the cover ate is

redCRbM cBhARnEMEEREenPRADE rddcP hBGinhadTbase ‘boﬂfbnt &esé}héléscarner

su strate The react’ion contai nment assenbly is placed

0 UlMbStaipelSSThE s @ lud

an(? lj%ng%e #ﬂgaﬁﬁg@/?ag@?hg ovgn I's evacugfdeed tagnear includes a
. I t
soBf B SKefs A e WRiindR el lanmeVtEhaes |

a tenperature of about 250C. Thereafter, the chanber

is filled with nitrogen gas and pressurized to a

sea ﬁ%g@ag% gf'tﬁ%tg gxgqi}ptﬁg? rnépe srgg % Ia%@ﬁ%ﬁw‘?}h%o@&tral area

car A%t “an over
of 1A S 18 iar & Tavs ot 8 40 g et 93 "ﬁﬁbi%s@‘“de s
eReSTEH e GoBFEAHe, RETAb S LB e %@Zﬁs@%???% 0f & midde
tenperature of abou 50Cto |eldath|nf| n‘{for 81
portigp i hentovst Male pfté%@ﬁven s ten 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
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15Exanple 2 Thin Film ProducedP@F/NS2040/00 pdd5is¥d10/000914

a Mechani cal -Presse A thin lamnate of precursor

| ayers is deposited on a glass substrate vi-a vacuum

deposition process. The | am nate includes about 800 nm

of nol ybdenum as 20 a base | ayer, about 1000 nm of
coverdplate. gdlhei indiusre gatiiude satenaef layst ohather caveerdlatgi ingnaintained

t he base | ayer, about 500 nm of copper selenide as a
spaceicaphrl fagrartheleemihatei orgthelgtadsi gutistrbgyer , about 150 nm

of indiumgalliumselenide as a third |ayer overlaying

the second | ayer, and about 100 nm of seleniumas a

fourth layer overlaying the third layer. A reaction -

contié ReadtionasgdimgnDasdepdtsly 5 pRited a6ter theashahiber of a vacuum

Exanple 1 is obtained. PCT/US201 -

prétyrs]Q@i OS8R ERAGD0FHE chamber of ife Bla$ & Svddiiatett ® Hiprdssure of
e

amnate side up is placed within the central area-:

ab&lit 16'@ THRTPITRe CRhEd Slibstrté WP Ble ARRMbN YAtdMBAt assembly is
Indiumgalliumsel enide is deposited as a vapori zabl e

heffebelol 8! teMipRratafd eMaB8ROSELIEON PréIESfsr, QRe haNEr 8s fliled with
portion of the cover plate. The cover plate is placed

nit@@géﬁ%goénc} Eges?.ﬁﬂﬂoetocérréé {oncﬁ’r@e&ﬁ%e(%fyat?d“u? 14881 T td'8nsure a

te a e vaporizable material on the cover

goBl a8 Wehitdh fH ?r%riﬁgfer %rri@f" %ﬁd%et QSvel GASE! Ofthe glass substrate

e
contal nnent asse en pressure exterior to

witbli‘u‘;’]l tregfélac%ntc%n%ﬁ%nf?%émﬁly i}sih%géﬁggr%gggaeighh%%oerature of

area, a hernetic sea
TR g A DSPeRER e R 5 90 s e
kR IS S RO R SRR oy o

| aced .into the chanber of a vacuum pressure oven or
e"%&ﬁﬁ%%."%(‘%?@?%ﬁt 'BY ™M%Rechani cal press is positioned

on the cover

Example 2

Thin Film Produced via Non-contact Using a Mechanical Press

A thin laminate of precursor layers is deposited on a glass substrate 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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15 plate of the reaction contai RIQHU&%QMI/QO'PHT&SZOIO/OOOS’14
chanber of the Oovén is evacuated to a pressure of
about 10-5 Torr. The substrate within the reaction
cont ai nnent assenbly is heated to a tenperature of
about 150C. Thereafter, the platen applies a
mechani cal pressure of about 7 bar onto the cover
plate to ensure a good seal between the samp arrier
andTheglags substratamath thadansingls side diPvp PHRACRA tVH@"} ﬁ‘&&%néfﬁ' area
20 contai nnent assenbly is heated to a reaction .
of thensemale carrisr. aolayescdGabotShMmeOf ipddMgalidm sglenide is
pressure exerted by the platen is renoved. The
depasiitetrag @ vaparizehlec owtesial hja veewim gderogtiangrRiecess gn a middle
pressure of about 400 Torr through the oven chanber to
pordion eafibe atover plate. a Ttvet ccp@C plate yi$ dlased ariap ef the sample carrier
one enbodi nent of the present invention. PCT/US2011
cofipRily enaieRidg the Gdsiate and the vapwsizablegyaterigl on the cover plate
di scussi on di scl oses and describes nerely exenplary
withimbtdi oentral afeat be tipe @sactioni numtatnnuant @semity.| | Wihennpressure
the art will readily recognize from such di scussion,

extafior td o réetion ceon@inient adsemblgds gredtec ltbanrihe tchatral area, a
various 5 changes, nodifications and variations can be

hefiiste sdrieifrmidd betiechepardidéwall bDthd bamplei cartieaadd the cover
scope of the invention as defined in the foll ow ng

platd. 2iTHe: indfafr gbtFdAhL séleRidd Naysisa) 1Y 86t Iplate 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
to a pressure of about 10° Torr. The substrate vyithin the reaction containment
assembly is heated to a temperature o_f about 150°C. Thereafter, the platen applies
a mechanical pressure of about 7 bar onto the éover 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.
Thereaﬁer, 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.
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What |s Clainmed Is: 1. A pr OCeSSP@T/@)SQOQ@I@Oﬁﬁ?mszom/oowu
thin filmor .corfposition |ayer froma plurality of

5precursor |ayers supported on a substrate, said

process conprising the steps of: a) exposing
said plurality of precursor |layers to non-contact
pressure; and b) heating said plurality of

precursor |ayers under said non-contact pressure to a

r eaThe Ooforégsingr aiscussisnf Hisclosas Bodprdesoiitest hraerely exemplary

formation of said filmor conposition |ayer. 10 2. The
embb@ieesifis of tifd pradeht WMientom @rehskiledsim thepartimall rdadilpfrecognize

precursor layers is selected fromthe el emental series

fro@if sudhediflskiRfi and e tHeoasdoRipangingfdréwindp andelisimentrat various
Goup Il elements, Goup VI elenents and conbi nati ons

chéﬂb%%eﬁ'fodlfﬂe'éaoﬂ—@%n@ﬁﬁé‘?i@%n@fzaﬁ|b@| Made WhereR! Witdethdéfarting from
said plurality of precursor layers is selected from

thetsﬁﬁ’ntgafn‘a%oﬁé“&ﬂr%t ih0éntRh UMY i ed folldding @l UM
copper fur, sodium and conbi nations thereof.
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4.The process of claim 1 whereiRCHAAS20HA/Q0PCT/US2010/000914
plurality of-preclirsor layers is 20 conposed of a form
sel ected froma group consisting of a chem cal
el enent, a binary conpound, a ternary conpound, a
mul ti nary conpound, and conbi nati ons thereof. 5.The
process of claim1l wherein said reaction tenperature
is at |east 100C. PCT/US201 0/001pcuus2010/ 000914
What fsi{elajmpestisss of claim 5 wherein the reaction
tenperature is from about 300C to 1000C. 5 7. The
process of claim®6 wherein the reaction tenperature is
from about 400C to 700C. 8. The process of claim1l
1. whéek eraceshdomsynthesitiag @ thireBlgupe compasitipr dayer FonTrpiurality of
~ 10 9. The process of claim8 wherein the non-contact
prepursesiayersi sippooed abalgubsiatet said process comprising the steps of:

a) exposing said plurality of precursor layers to non-contact pressure; and
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

layer.

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 Il 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.

18
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700 Torr. 10.The process of cl aPG'F/W@"’EOIGOQ’CT/Uszom/ooosm
non-contact pressure is fluid pressure. 151

process of claim 10 wherein the fluid pressure |s gas
pressure. 12. The process of claim 1l wherein the
exposi ng step further conprises: enclosing the
plurality of precursor layers in a closed vol une; and
i ncreasing the pressure within the closed volune to

6. gerHicapmcebe ofholaine Gnviaerein’Brreastivretempkdatutehis frormadsat 300°C
of claim 12 wherein the pressure increasing step

to fopoeger conprises supplying a fluid into the cl osed
vol une, whereby the pressure within the cl osed vol une
i ncreases. PCT/ US2010/ 001Pcuus20i w000914 14. The
process of claim 12 wherein the pressure increasing

7. St ethd HfdcBES of BRI IsSRRererP@id! ragctionV@R{Yeraiak B ffoh @bbal 400°C
in association with the plurality of precursor

to 700°C.

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 plurality of precursor layers in a ciosed 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 ciosed volume, whereby the pressure within the

closed volume increases.
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layers within the closed vol umeCGhtJS2010/0Qsciraisaeo000914

the vaporizabl e material within the closed volume to
generate the non-contact pressure. 1015. The process of
clai m 14 wherein the vaporizing step further conprises
heating the vaporizable material. 16. The process
of claim 14 wherein said vaporizable material is
selected fromthe el enental series of the periodic
tabl e consisting of Goup | elenents, Goup Il 15

el erents, Goup VI elenents and conbi nat i ons t hereof.
1417, T%eorﬁia%e;% deine| 14 WhRIehdie RGPS afiGraasing step further
material is selected fromthe group consisting of
COMpisasm gal | i um sel enium copper, sul fur, sodium and
conbi nati ons thereof. 20 18. The process of cl aiml
f uradeing @owaparizahig material &b a@sogagm; iviithnther plarality of precursor
plurality of precursor |layers on a substrate. -
lay@STwitB2 thel clygedMah@neU8pd10/ 00091 4 19. The process of
claim 18 wherein the depositing step is carried out
vi avaporizing 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 |l

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.
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process sel ected fromthe groupPQTAIS2CY0LO0MRaKEER10/000914
deposi tion, atrbspheric-pressure deposition, and a
combi nati on thereof. :

19. The process of claim 18 wherein the depositing step is carried out via a

process selected from the group consisting of vacuum deposition, atmospheric-

pressure deposition, and a combination thereof.
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