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(57) Abstract: Systems and methods are described for synthesis of films, coatings or layers. An apparatus includes a first holder; a

second holder coupled to the first holder; a linkage coupled to the first holder and the second holder to move the first holder relative
to the second holder; a reusable tool 910, 1020, 1030 coupled to the first holder, the reusable tool 910, 1020, 1030 including a raised
pétterned surface; and a release layer 920 coupled to the raised patterned surface of the rensable tool 910, 1020, 1030.
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descri bed for synthesis of filnms, coatings or |ayers. An apparatus includes

a first Rpbdsvasom second hol der coupled to the first holgefus@dpbésakage
coupled to the first holder and the second hol der to nove the first hol der

relative to the second holder; a reusable tool 910, 1020, 1030 coupled to
the first holder, the reusable tool 910, 1020, 1030 including a raised
patterned surface; and a rel ease DEIERIFIIONcoupl ed to the raised patterned
surface of the reusable tool 910, 1020, 1030. 20 March 2006 WD 03/ 026028

PCT/ US02/ 29684 DESSAAT R o RAATHAESEROT Uk yBXNIEERHRAFOM YRR, CORTI NGS
OR FI LMS BACKGROUND OF THE I NVENTION 1. Field of the Invention The

i nvention rel ates generall o the field of materials. Mre particularly,
the invention relates to%ﬁ‘aﬁ( RND @F THEANY is of layers, coatings
~or films. Specifically, a preferred inplerrentation of the invention-
relates to equi prmfa,m(ffmemﬁen@ynt hesis of |ayers, coatings or filns the

utilizes pressure, rso exert ressure contai nnment, an
el-ect r ost gti ?P@T”&‘m{'f afeéﬁfﬂ éﬁhaléP{;’&at%‘Eﬁlﬁ“ %ﬁ%‘?‘i’fﬁ"“ gy:ghe ipyeations s on of
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il s cotln ) material s copper
el oni AEEGRen ST By SraH i Ghirded; PG e elptsofortes o B Pous
met hods utiié®s p{eamapneeu; predures laydrakerted pcbsubd WhiaindR, arCeddetrbdtdtic fleld, & Rehplate
econom ¢ Eure of films with properties suitable for application
to opt ot ?ftargB ?gm evices, such as photovoltaic (PV) 15 devices. PV
deudces. reql?u re B&cﬁk&bﬁﬁﬂhehﬁﬂ@dbﬂr that al so provides sufficiently |ong

mnority cart, i fetinmes. to,enabl E col l.ection of.the mnorify
carriers by ff i ﬂé ‘Eﬁ’%}@§ havg bfei'?é’s‘fiieeﬂ% %sygﬂ'ﬁf‘? ?f[cti]ﬁ‘F (soatipey WB’H?"S@‘iB‘Lessi ve
r econbi matetialmfrommhealIB (@mmm@rdemtaﬁdl a;lrs&nfnnﬂwettécyallaps: but@hch df et | rres
are dependent def ec E e terials. The con
ot et - BEPRS B bekmg st i thet rBpelRR o JR sEinaRich e foebiF Gt cos.
Si m | ar fimstwith lefeeis sigtable diirlap]ﬁlcﬂtfonhcb gheetlemnﬁﬁ advites; sl as phyp@onraian ot or s,
el egtrol,umn hor H’ﬁ {ano e)éel ctronic nmaterial.s control
ThaS ' proteR PR ePae o8 hiioo FBfortH PRLa o Pac Fo B hrlg MROrE b poct | ve
i nt endebifetimesto eildbilerthd u:dllnatmpbfﬂ:ahurmhg,ouaher@ayaheeclafmnﬁs acthadevice alstridnan t hi ck
film abscH;l rxsmosgv coatings igl fause ntdh ey azqﬂ?r e & sr(aaml gr amount of the
precur sor PPN LCPRAR R Frusondaetor malgtyals Jainorify carrier [feimes ate ot i
filns V\ﬂctphndstesunrthd:)deﬁecdﬂtfuemte af ﬂxopaanatem iThe pmxmdbmﬁ daﬁctestryctdeﬁsemﬁbdl a&dthby t he
rrethod%pé heh ShZ eff tofabrlcatethln
11 m o SpsytihirBeb ot ¥ RSB B8 actb@bmind S hbiatiBE | 701 01 "t ne
co@d8tit uemcomiummlwtmlummgqepu nhdsphorgs, and chae(bﬁm)mmmc mateobls watrgl the
successhihion pTienll f8aoRREhEHEPberbll toehdi Ve ostnE Yudlld s wer e achi eved by
a two-step process tha
Thin film optical absorbers are more economical than thick film absorbers or coatings '
" because they require a smaller amount of the precursor materials than thick films or coatings. The
formation of thin films with desirable defect properties is predominately determined by the method by
25 which they are synthesized. Early efforts to fabricate thin film CIS PV devices that relied on the
steady-state co-deposition of the constituent elements copper, indium, and selenide were not very
successful'. The first efficient thin film CIS PV devices were achieved by a two-step process that
relied on the sequential deposition of two layers onto a substrate at high temperature, each with
different composition. These layers reacted and intermixed to yield a nominally uniform éompositiou
30  throughout their combined thickness, and resulted in films withi desirable defect structures®*,
Variations of this method have been demonstrated, based on different temperatures, numbers of
. layers, and compositions thereof.*®. Other fundamentally different approaches have been described
- that rely on, for example: (1) heating stacked layers of the metals (e.g., copper, indium and gallium)
and selenide that have been sequentially deposited at low te’n_lperaturcs7’9, (2) thermal reaction of
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_relied on tRgoeshug i @l deposition of two layers onto a s2bMaratz008t high
“tenperature, each wth different conposition. These |ayers reacted and
intermxed to yield a nomnally uniformcgoposition 30 throughout their
conbi ned thickness, and resulted in filnms with desirable defect
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t enper at ur es13, angn% ﬁtﬁoerrra .reagtf“? to"ﬁ“&?quﬁf‘ﬁrﬁ?&glﬂ&&’%‘ 'gﬁﬂ“’ the se)

precur sor Wefedsdn the prighartgoayio i optimad camidnatioh of thisb &ammsuf act ure of thin

films of these gaLd Bl GRLAIRL L © ultinary compounds needs to

both efficiently usg)fe:’)g\?\_/pc%a erligl%g&gin 5w PR glf’%' B °‘}'éﬁdg%€‘1°7‘f‘°”oﬂ1% must 10

‘be flexi bifiexibdite fanioptimieation pfxdefoof profreties edferndd tesboushiave Bt beaadully met, Wast ihi gh

per f arpTaNGRedelNEs ot it '{a.t NERLERL A0t Provide an optimal

conbi nati on of thgsem#@%t ures. %@Fée 0 orgﬁotfﬁﬁe% Hents of efficient

raw material utilization, rapid fabrication, and flexibility for

optim zation of defect prapgKMARSORSHIAGENTORPOVE have not been fully

nmet. What is needed is a solution that sinultaneously addresses all of

t hese requirenments. SUMMARY OF THE | NVENTI ON There is a need for the

fol | ow ng enbodieRR Snee@kor GRULBSY ' t] Is.pot limted ..to . these

enbodi ments, According to an aspec Q@?d%‘%&i Qg‘g’n PSR Y HLPRSIgt Ipidi ged an

appar at us,m@&?&ﬁ“} §'ihﬁ’§1:1ts- a first holder; a second hol der coupled to the fast

hol der; and a |Ad&a8e tFRAURMEAAR: DG Ll st ; r.and the second holder to
B BURbEHbARL ilGhibl (e B0k L1 SPRYAES, CPRRUSRE | ncl udi ng

a pressure gendr#itbpldergharacterized in that a reusable tool is coupled to

the first hol dgrsecohmgom@g%mdqo 1R Yrst hbIAS ;_ﬁ%i ng a rai sed patterned surface;
dto

a release layer js couple the raised’ patterned surface of the reusable

tool ; and the pBliakgseaunlpdiiethafion holderadd theectondhaldenermie the REERKIF € bet ween

the rel eagfaivdYEthe 806hd Hollfr, TS ‘ 2r .. -According to an enbodi nent of
the invention, a nmethod may conpr eggél&g& arl%r?s%bmgeneﬁ’&’é’%ure between a first

precursor | ayefFhaneirizedsin ghatpreashbledoa if donplbd wuleslirstaibkles fe raussite poL

precur sor ﬂc%@a%%pa&éneﬁ%{ﬁ%c%d to a second substrate; formng a
conposition layer; and noving the first substrate relative to the second

substrate, whep&l9eselarer isoopided toitlmraisedmatterned surface of the reusable tool; and '

the pressure generator is adapted to generate a pressure between the release layer and
the second holder.

. .According to an embodiment of the invention, a method may comprise: exerting a
pressure between a first precursor layer that is coupled to a first substrate and a second
precursor layer that is coupled to a second substrate; forming a composition layer; and *
moving the first substrate relative to the second substrate, wherein the composition layer
remains coupled to the second substrate. Accqi'ding to another embodiment of the invention, a
method may comprise: applying an electrostatic field across a first precursor layef that is
coupled to a first substrate and a second precursor layer that is coupled to a second substrate;
-forming a composition layer; and moving the first substrate relative to the second substrate,
wherein the composition layer remains coupled to the second substrate. According to another

~ embodiment of the invention, a method may compriée: locating




remai ns coupled to the second substrate. Accordi ng to anotde=kaehi2006 ment of
the invention, a nethod may conprise: applying an electrostatic field
across a first precursor layer that is coupled to a first substrate and a
second precursor layer that is coupled to a second substrate; formng a
conposition |ayer; and noving the first substrate relative to the second
substrate, - wherein the conpositi o'r%al‘ayer remai ns coupled to the second
substrate. According to another enbodi nent of the invention, a nethod may

conprise: |locating.20 March 2006 -2a a tenplate wthin_at | east gne of a
first pret§PEge “i“gﬁ‘éf lepyi gpe ?é f%ﬂl?b?clérd"ftiﬁ'egﬁ?‘f‘ti 1§ %‘t“\lg% ST SQL%H aﬁ‘?a second
pr ecur sorsebady @reciirfilayesthaasifupidd o Rech@ CEYIGtE UBSIiNGE Cmpositida 18gkr;and

t he fl‘@%&) substrate relatiye to the second

conposition.layer;. and Vi, n

subst r at é?owge%féﬁ‘ﬁt Stuﬁsém?g%lﬁtb‘?g? P §eqend supstrafe, hsTRHE hefopPetda¥ehe second
subst r at eeméiac@upledi thoseddstd!shigtrate RIS ardihct HBHIIBNGNGT tRdlinvértion)@t hod nay
conpri se: g&%vi ding a surf.ﬁct ant _as an inpurit ithin at | east one of a

Mt
first preciiedBy PP PR & SEslpkas ap %‘“ﬁ%é‘i’n% st 95PE2 88 a second
pr ecur Sorpréonyser lagen diat is Souplodpd £ drst §ubstintesSRa @ Bekopdipreuradk Riyerfthdt N8 dogpléd
conposi titon Ia%gr' a%dfrmyi ng the. first su str,at% relative to. the second
subst r at &2 2 fFFEPETRstale foramg 4 SPEPSition Ryer anddneinesthe BEhTBY e PlY R econd
subst r at ahe sefadatigirag, Wikrdnhe bahpitbe biyereahaitd colfled ionvestdndRubsite.appar at us

may conprjse:.a first hal der; second hol der coupled to the fiyst hol der;
T i meap RS atiroties fbri<ot o BERRG 45 pira LS SO GORBI et LEdolte ( ne

first holabecond @bldéricusplédio tikdira@oldad a lithagescupRd to leisabl e .t ool coupled to the
first holder,,.the. reusable tool including rai.sed patterned surface; and
a rel eas efgrfe%ﬁ?]él?r d thysegend E"lb‘ﬁgo Py ?ig‘ﬁgg‘t‘%F Wg&vgt?r‘ﬁ%ﬁé‘m&?w%ﬁ%ar eusabl e
tool . Acacersablagol @upladiotiefirsicishief] iR alsaldé tobliGclidiNEniaisodpatemedsipacsd; t i on may
conpri se: [ sition, 20 rch 2006 3/ 026028 PCT/ USD2/ 29684 | ayer
Gt i ng B0 G B PABIE I He Jea SoRipey (it o bt HasbB R TEP OeI Gy e

. I ncl udi ngmathaebedinesif HiRyeentidahftonh®siliGCaheebnprios alcotpositida first surface

than to the second surface. These, and other, enbodi nents of the invention
w Il be better appreciated and understood . when considered in conjunction
with the foll ow ng description and the acconpanying drawings. It 5 should
be understood, however, that the follow ng description, while indicating
various enbodi nents of the invention and numerous specific details
thereof, is given by way of illustration and not of limtation. Many
substitutions, nodifications, additions and/or rearrangenents nmay be nade
within the scope of the invention without departing fromthe spirit

t hereof, and the invention includes all such substitutions, nodifications,

addi tions and/or rearrangenents. 10 . BRI EF DESCRI PTI ON OF THE DRAW NGS The

drawi ngs acconpanyi ng and formng part of this specification are included

Cto depict certain aspects of the invention. A clearer conception of the
invention, and of the conponents and operation of systens inplenented the

invention, will ‘becone nore readily apparent by referring to
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Corrponents and equl pnen

15 the exenplary, and therefore nonliniting, enbodiments i20Msitchz208d in the
drawi ngs, wherein like reference nunerals designate the sane el enents. The
I nvent i orwoeyodserdoet t er understood by reference to one OpcFE®9€s4t hese
drawi ngs in conbination with the descrjption presented herein. It should be
noted that the features illustrated i ™ the drawi ngs are not necessarily
drawn to scale, FEIGS. 1A-1D illustrate schenmatic side views of a

subgenerver dsfiging a first srrfaeend @scondiriagsihe sPPasKion leyerrinaliing asqlestiomlager

repr esefi RGocadd BIBRP & B st QffadeMBnitd08 McbiburthideSS. 2A-2D il lustrate
schematic side views of a process tqo produce a Cl' S absorber |ayer on an

el ectrode coatet BdLden %@dlm@'ﬁi’%&@m‘iﬁﬂ@nﬁﬂ SebriisT #prreiated andimdergigedht i on.

FI GS.  3Amdbdnbiaersd inoRjudtion With the félioWehg\de¥ipticH and tH/a8HRiphi i ARivAh TR Nt
utiljzin uE)droceas to, produce a ClGSS | ayer on an el ectrode coated
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uce. a Cl GSS | ayer on .ode cpated substrate, re resentl ng an
erbot e TG SubUATS Giher s, SeOaTs and o GBI et R PRAST 801 vi ous
of a temmp! saa;e ofithe irivantivd withoR @ssarting ﬁﬁﬁﬂﬁélgiﬁ‘xt%ers%@, abll HOIvERIR IncRiAedN
el ectrode, coat.ed subs g,ate F)r esenti ng an enbodi nent of the invention.
FIGS. 6AMHEuGsHfufjans, b ‘%"“E‘ﬁ'&rﬁﬁ HOnEANGOT FREHSSGYS- 3 surfactant utilizing

prd@ess to produce a CIGSS |ayer on an el ectrode coated substrate,
representing an .enbodi ne | | El |l lustrates a schematic
sectional view of a PV dQE@@éwgé%%awa%sor ber [layer forned
on an el ectrode coated substrate, representing an enbodi nent of the

i nvention. Z%WWgQ%&nwﬁgﬁxmﬂg Wf@%ﬁcﬁﬁﬁﬂ&a aréinkcluflzd t8 depittust r at es

a schena c ele ak gnal vie hat cor tes a Iur |ty of
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schenat 0 n n tem t hat i ncl.udes ease
| ayer clt)oa I%% ° ? Higed Jrav?\ gﬂ %H%%atﬁ Tvghr ep?sé"él%uotn presenée hgrrrg'ogaﬁ‘%ﬁ‘{ f the
i nvent i ootedﬂlat]tbe m@@mmm lﬂﬁeﬁﬁﬁﬁﬁﬁeﬁtﬁlﬂoﬁwmﬂﬂxﬂ'ﬁfﬁhea}e nvention and the

f .det. f d fully-
W Tt or onfi AN RUSANIRAREhBl: dha MRk p s Bif felF o ea 1 the
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Descri ptionsgpis Y&l ilﬁ{}%?r)ﬁﬁ sﬁe%ﬁ% {‘& \H&&secffa%lo%%ss Po{)&&cﬁx%éé &8 ab&a‘? h”'

are om ed so unnecessar i %scure t he
i nvent i @Inﬂ1¢qtr04¢3coc4@dalilbsi;rat¢,trem¢$aum9atbenlmddmmoﬁibﬁmveIvaer t hat t he det ai | ed

description 1’11 H%Dsiﬁgﬁtiafcisghc%%m&egﬁew V&g Ip?essuk&ghﬁ@ﬁuﬁ%nﬂ i oge%%j

enbodi nent s the Tnvention, are given stra y and not
by produce a CIGSS layer on an electrode coated substratc rcpresentmg an embodiment of the
25 invention.

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

FIGS. 5A-5B illustrate schematic side views of a template utilizing process to produce a
30 CIGSS layer on an electrode coated sﬁbstrate, representing an embodiment of the invention,
FIGS. 6A-6B illustrate schematic side views of a surfactant utilizing process to produce a
~ CIGSS layer on an electrode coated substrate, representing an embodiment of the invention,
FIG. 7 illustrates a schematic sectional view of a PV device that incorporates an absorber

layer formed on an electrode coated substrate, representing an embadiment of the invention.
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context o e. i.nvent.ion can.inclu .he rication of a conpqsition
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i N- t ur nspiet andletscope & theamdalyingdsentite\concepitvell basoine appacdnt dohiose skiltadtin the agan
I ncl udeﬁt h .f?brii cation of a sem conductor |ayer, coating or filmfor wuse
in, for 85?31% 1é‘”’,"’sfirephot ovol tai c device and/or system The context of the

i N2@nti on caWithimsthis dfplicativh seberal publitaions watefepencal byasusaipaptcanbicaimdals.ayer ,

coating Sl m g use,i f or. exanpl an.el ectroni.c or.electrical device
and or “EfiLelalip T rdhest 38, p8licaFIR Paybe B RLAE R R ¥Ry
appr oacimasedilitely pressd thg dliealedmd Thedisclesdien of alithese putdiostiohsin aliehr entiretiésfater ent :

surface ich are then aced into contact wth.one anagther,. Th '
o b S e B ndobeRu B rErep el B hurbhek Or GREBR e Miipesb BT P ge 1
pr oduc einvérgion emditlsstiingrthd sisteof thd&t. The surfaces can be defined by one or

RS SubSL o 2508l s By BAF 881 IO AT AT R 1 001 (9
subst anBeptantber 20, 2001 (attorney docket no. HELE:002US); U.S. Ser. No. 09/957,207, filed on
. September 20, 2001 (attorney docket no. HELE:003US); U.S. Ser. No. 09/957,050, filed on
September 20, 2001 (atto_rnéy docket no. HELE:004US); U.S. Ser. No. 09/957,123 filed on
September 20, 2001 (attomey docket no. HELE:005US); U.S. Ser. No. 09/957,125 filed on
30 September 20, 2001 (attorney docket no. HELE:006US); and U.S. Ser. No. 09/957,121 filed on
September 20, 2001 (attorney docket no: HELE:007US), the entire contents of all of which are hereby

expressly incorporated by reference herein for all purposed. '

The below-referenced U.S. Patents disclose embodiments that were satisfactory for the
purposes for which they are intended. The entire contents of U.S. Pat. Nos. 4,392,451 to Mickelsen, et
35 al., issued July 12, 1983; 4,523,051 to Mickelsen, et al., issued June 11, 1985; Re. 31,968 to '



deposited. The substrate(s) and/or tool (s) can be conpl i amg Mafhr2e0s

| nprovi ng contact between the precursor |ayers, inproving pressure
control, wwohseicysse transfer and/or surface behavior duri ngepiréhebagti on of
the precursor |layers. 20 Preferred enbodi nents of the invention deposit two
different precursor layers onto two di¥ferent substrates, or on a substrate
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- surfaces can then be moved relative to one another resulting in release of the unified layer(s) from one

of the original surfaces and/or adhesion of the unified layer(s) to only one of the original surfaces.
30 'FIGS. 1A-1D show a sequence of process steps. In FIG. 1A, a first substrate 110 is coupled to
a release layer 120. The release layer 120 is coupled to a first precursor layer 130. A second substrate
" 140 is coupled to a second precursor layer 150. In FIG. 1B, the first precursor layer 130 and the
second precursor layer 150 have been brought into contact so they can mtcract dlfectly The contact is

preferably intimate to establish and maintain a planar interaction front. In FIG. 1C, a composition
35 layer 160 has resulted from the interaction. In FIG. 1D, the first substrate 110 and the release layer
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These precursor structures (e.g., Iayers) are different from those previously described in the
art because they are designed in pairs, one for deposition 6nto each of the two surfaces (e.g., tool
surface and substrate surfaces). The substrate upon which the unified cemposition layer is formed by

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

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

35 pressure, asa counter-electrode for electrical biasing, and/or as a crystallographic template to control

AMENDED SHEET



15 conposition layer(s). The foll ow ng exanpl e uses the 20 March 2006
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and/ or conbi nations thereof (e.g., C GSS ACI GSS, etc.). The use of these
material systens is nerely exenplary Tof the nethods described herein and
IS not intended to suggest that the invention is limted 20 to these
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heat ed zusb mﬂuc&mpﬁt&ﬁs’ thaxticelide siphidatitts ETHRfinve it ad piRludxdqiphehifobidGhinpite bel ow

appLoxi mat el 635&b only the copper nonosel enide |ayer will nelt. ATTORNEY
ET fa8Pos WD -8 20 March 2006 Sufficient nechanical pressure can
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appr oxi mat e . r a rom mat el .atmto 5.
D ol Sty o tis it Bl it i s PRRRLSD i thatng ioftton i
exaopl e thdaainam@mial rssaaremsswheogamﬂ Ipropeieesll thige matgrislothatracldr the inteidion pr essur e.

I
this exa on of .the resulting CIS filmto the nol ybdenum wi |
plisbleatige B 4

n
|
be sub¥¥P (s Sé“fe bling P8 adhesi on to the cal cium fluoride

rel ease |ay e]FICiSnmA-QDeieme&ﬁrdsdeﬂgecﬂeﬁzefuisédm maké 4 Cmnhaterﬁdlagae’relnm‘m t22e a

1 uor | qR Ry i PPl et P M iR 2 e P St syesse e .
the fi nz20 it duupled e indiurh bderideprdcidson ln@n23ve Afcompliant subgtiatedd0 Iimio&blyd .25
m gé 82 Jn 1?{%(? 5%6 If;%%t?o%ﬁﬁ 1'?/ ﬁ%mﬁfweé?%ﬁ?i@“%de B% 18 cm}ialgdrtc? Ted Bé} s€ em ;t)r%clz soil-' 0
: layer 250. In FIG. 2B, the indium selenide precursor layer 230 and the copper selenide precursor layer
250 have been brought into intimate contact. In FIG. 2C, a chemical reaction product layer 260 (CIS)
- has resulted from the interaction. In FIG, 2D,- the reusable tool 210 and the calcium fluoride release
layer 220 have been moved away from the chemical reaction product layer 260 which remains on the
30 compliant substrate 240. |
In this example, CIS films are formed by the deposition of binary copper monoselenide onto a
. molybdenum-coated substrate and indium sesquiselenide onto 4 calcium fluoride-coated silicon
substrate. Since the substrates are separate, the deposition of these precursor layers can be done at
different temperatures. When these composites are brought together under mechanical pressure and
35 rapidly heated to an appropriate temperature of above approximately 520°C but below approximately

635°C, only the copper monoselenide layer will melt.
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o
-

The electrical bias during the synthesis process can be applied ina large number of ways and
30 the optimal technique will depend on the details of the materials used for the various parts. If the
release layer is an electrically insulating material and the reqéablc tool conductive, the bias is
preferably applied between the electrode layer and the tool. The closer that the biased surfaces are
brought together the higher the electric field strength across the precursor layers during the synthesis
process for any given potential difference between those electrodes. In any case it is desirable that
35 there is at Jeast one non-conducting layer separating the biased electrodes so that electrical current

does not flow between them when their precursor layers are brought into contact with one another.

AMENDED SHEET



10 rel ati vel Pnary precursor and CI'S | ocal | y Jondareagees t he
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t hat 251 a?lwaslgg i bigetis bijchaneme ferelaigicraitpohment rpfe it the erystaliogeap ﬁ*ﬁ%gm pper
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~ selenide is allowed to attach faster than the copper a phase transition would then occur that could

30 - cause sohdaﬁcatlon within that liquid layer. Faster selenide attachment involves a shift over to the
side of the binary phase diagram where the dominant stable specie is di-copper selenide, Cu;Se. In
“ contrast, with slower selenide attachment the dominant stable specie is closer to CuSe. By reverse
- biasing, the diffusion of copper into the indium-selenide layer can be inhibited. A build up of copper
in that layer occurs faster than rolling up the selenide. It is undesirable to move toward the Cu,Se side
35  of the phase diagram and precipitate solid Cu,Se crystals. The field can be used to control the relative
transport rate. In this example, the interaction is a transport-related reaction. The desired
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precursor bulk) is to create rt of that |ayer ich will b transf,erred'
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sublattice sites in this structure. Gallium and germanium can be allbyed among the Group 3 lattice
sites. Sulfur and selenide can be alloyed on the Group 6 sites. The prdtotypical compound for these
30 examples is copper indium diselenide. And ail .of these compbunds, if they have sufficient copper,
will be characterized by face centered cubic stacking of the selenide sublattice rather than hexagonal:
“The idea of alloying Group 1 elements into the front surface (between the release layer and the
precursor bulk)-_is to create a part of that layer which will be transferred that is already characterized
by the desired FCC structure for the group 6,sublatﬁw, which is the one that sulfur and selenide lie
35 on. Ifone creates a very highly ordered layer, even though that layer may be very thin, it will actas a
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The sodium may prevent the formation of local defects which can lead to an undesirable

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

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

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

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

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

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

low.

30 -All of the techniques described in the preceding examble ofa preferred embodiment of an
approach for CIS synthesis do not need to be used together in order to provide a superior altemative
to existing approaches. For example, the precursors described above could both be deposited onto the
molybdenum surface and the calcium fluoride-coated silicon substrate coated with a very thin film of -

7 CIS, CIGS, CIGSS, or ACIGSS before the assembly is brought together under pressure. In either
'35 . case, the use of calcium fluoride as an interlayer between the precursors and the silicon- ‘serves the

multiple ﬁmctlons of a release layer, a diffusion barrier to the thin film’s elemental components, a
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t he precedi ng exanple of a preferred.ClS enbodi nent would be to omt the
process fRAESOSator (e.g., surfactant). The pressure exerted between

AVENDED SHEET another examplie of a partial implementation of the preceding example of a preferred CIS

. embodiment would be to omit the template. The pressure exerted between the precursors, the
electrostatic field, the surfactant(s), the magnetic field and/or catalyst(s) would still be sufficient to
30 drive the interaction between the precm'éors. Many of the benefits described here will still accrue in
the situation where no appropriate epitaxial dielectric is available. For example, 2 non-epitaxial
dielectric layer of aluminum oxide would still act as an effective atomic diffusion and current barrier,
but without the benefits of transferring a desirable crystallographic orientation and grain structure
7 from the tool into the growing film. . 7 o

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

embodiment would be to omit the process facilitator (e.g., surfactant). The pressure exerted between
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layer will be retained during the formation reaction with the lignid phase precursor layer, leading to -
20‘ superior crystallinity in the resulting solid CIGSS absorber film, which is the reaction product.

The precursor layers shown in FIGS. 3A-3D are examples of precursor structures, and may
contain other chemical elements (e.g., for the synthesis of compounds other than CIGSS as in this
example). n addition to those primary coﬁlpositional clements reqxﬁrcd to form the reaction product,

. impurities that act as surfactants in any particular material system can also be incorporated. For.
%’25' example in the case of CIGSS synthesis, it is preferable that at least one of these precursor layers
contains an alkali impurity such as sodium to facilitate the formation and stability of smooth, planar
_ t:ompositional interfaces during the reaction between the fluid and solid phases created by inelting of
one of the precursor layers after they are brought into contact with one another. Since the function of
surfactants occurs at the interface between the precursors and sub]ayeré of different compositions,

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

35 the final rehction_ product film, in contrast to all other reported methods; This can be an important
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interfaces during the reaction between t-Aé-fluid and solid phases created
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30 within those layers, the surfactant(s) may be initially distributed
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‘ 10 - FIGS. 4A-4B show an example of applying an electrostatic field across the two precursors.
. ~ Referring to the upper subassembly of FIG. 4A, a reusable tool 410 is coated with a release layer 420.
{:) : The rélease layer 420 should have a high dielectric ‘constant and a high breakdown voltage. A
(In,Ga),(S,Se)y.y precui'sor layer 430 is coupled to the release layer 420. Referring to the lower
subassembly of FIG. 4A, a compliant substrate 440 is coated with an electrode layer 445. A group 3
* containing adhesion layer 447 is coupled to the electrode layer 445. A Cu,Se,., precursor layer 450 is
coupled to the group 3 confaining adhesion layer 447. The group 3 containing adhesion layer 447 can
facilitate the wetting of the melted precursor. The group 3 containing adhesion layer 447 should stick

‘to the electrode. The group 3 containing adhesion layer 447 should not melt, while the precursor

Iaycr 450 may. The parentheticals in FIG. 4A represent the voltage applied across the precursor
20  layers during the interaction of the precursor layers. Each parenthetical includes a first value and a
second value separated by a comma. The first value represents the electrostatic field configuration
used to slow down the diffusion of copper. The second value represent the electrostatic field
conﬁguraﬁoh used to speed up the diffusion of copper. In FIG. 4B, é CIGSS absorber layer 460 is
shown coupled to a residual group 3 containing adhesion layer 465. There are no parentheticals in

_ FIG. 4B, since the interaction is complete no electrostatic field is being applied. Needless to say, it
can be advantageous to switch off the electrostatic field before attempting to move the reusable tool
410 relative to the compliant substrate 440. | 7

Referring now to FIGS. 5A-5B, a template can be located within the subassembly composed
by the reusable tool and the (In,Ga),(S,Se),., layer. This can be implcnientcd by adding some of the
30 copper required to achieve the desired overall composition info the predominately (In,Ga)y(S,S¢).y
layer or a sublayer thereof. For example, a sublayer with an overall atomic ratio of copper to indium -
plus gallium of about one-fifth (0.2 =~ {Cu]l([[n]ﬂGa])) to one-half may be added at the precursor’s
interface with the release layer, at that precursor’s free surface, or throughout its-entire thickness.

o FIGS. 5A-5B show an example of lomﬁng multiple templates next to the precursors.

. 35 Referring to the upper subassembly of FIG. 5A, a reusable tool 510 is coated with a release layer 520.

o As discussed above, when the release laygzr has a composition defining a érysmﬂine structure that

- -rhinﬁn S“EE‘




I tself be Bk tion or conpri sed of subl ayers with different
conpositio cular, the relative anounts 5 of indium gallium

sul fur, and sel enl de may vary throughout the thickness of the

(In, Ga)y(S Se), precursor |ayer but sHéul d be substantially uniform at
any given depth V\Athl n the layer at distinct points across the |layer. Such
‘gradi ent s Falfhesdhe fnstalline gtrupjure pEthe desiterdtfinal laiezo in the csesta Gi@sSshodierlayat i | |

result in. fSrﬂ@j th@'fé?&gé: %( r'clirfrﬁrﬂﬂ‘fon aygfer'n faf@ ﬂl‘éﬁ&lﬁ&?&%ﬁ?ﬂ@g{e 8%5;09 % the

film al be| t possibly ai ni ng vest Initi ent
conposi ti off e@‘fedﬂ[eérthls exemplﬁ@mm(%@u )@ﬁe)aimnbteéam 5235m9h91¢d1t9 tizgyelease

‘el ect r ost afai& 556.9{ @, @%’,@5&). BReciig lﬂéﬁ%r@&{lﬁled B%‘?(A&bﬂﬁhh@fggﬁl) %ﬁ@efﬁ ayer

‘subassenbly of FI G gusabi e tool 410 Is coate

420. The lusréads &efemingto Hipdowss sehassembly of BiGh s 4re eompliant svlistrate 5#0sis aentedanith 2a ,
hi gh br eakﬁt@ﬂiﬁn‘éﬂﬂe&@ﬁﬁg&%% (M@l@%’)ﬂélg‘ye?‘gh is Xou.fﬂfeﬂ%’ﬁlé ﬂfaniuﬂy esﬁiﬁ?a)} Séﬁoﬁpl ed

Ref erri nﬂp | ower subasse

to th |
‘cgrrpl ?a:nte é&%@l@ég 3 R(SAed templaieayes §4 Pwplfﬁ t@héelmﬁ@delawﬁéﬁ M%SeA PERCWEer 3 15
, cont ai ni pgy 9%%6@[&&@&1@ Af'é!?)(ﬁ],@aﬁ? §§|tﬁgpl£tﬁla§ré} ?llﬁgkﬁ age, bﬁyﬁabllo

CuuSel, precursor |ayer cou rou contalni ng eS| on

| ayer 447.12yeRéos W%ﬁl’&ﬁ h?twgeneecrnetﬁseﬂvaﬂ ta;n@ate Mw 298mnd 4 srepid rpsaduel t he

wet ti 1@ Ofteffite M3bi 530, THeSEMSRTual (dlatd ] &Fsv@ ! gr 447
shoul d stlgkﬂt gq?he el egtroée. ll?I'heljﬂlﬁ?oual cont al mﬂ%oqge esi onqﬁaggér 447

shoul d notteHRlpte laywﬁ?-ﬁe?lmﬂéﬂ)pﬂ@éﬁﬂogémdv%mlaw@mrﬁ@ comqwop@ﬁtemehet icals in
Iih? 4A rqm@mﬁ&ﬂb%}@hﬁ;ﬁ&%ﬁpﬁ?‘ Pht LIRS Sarki6h By & G4 &Brr | nca?%gres during

i nteractj on of recursor |ayers. Each parenthetical
first val 4@ ‘éﬁﬂ’e‘éb%@@ legtrgde layas anditheepripliant sehstrate.  The first val ue

re sents the r gdélﬁé

| di f Aisi on of cﬁ})g% G'Iﬁge]ﬂ’?e%on Ig?ﬂg&%g%ﬁg@gh?ﬁﬁgﬁp Ielc?m? tati cﬁ@}éer{a%

~_ conf |1g‘in atreyrio the prpeyrsors Refaringdo tieapir sttassewbly of FIH pper reusablefipat61018 coatedCl GSS
-absorber lgyer elééglaya» 62§hRﬂ‘£1u§191'dB|cﬁ &ﬁm . Cag(&ué;'é isShaiif @g&%ﬁ&& ﬁy %20.

adhesi on | ayer 465. There are no I nce
i nt er act i dnsodimuesnisinggdayen 62 leemmbdtttaﬂm glufinginctopyeer batirpigd byer 62605 Needl ess

t , t |

bef or 5" at (LSS0, PUARPAGE S0 kol 6 heRbciyh B BE LR hSadil B e

substrate smtanR@p@nlrty abthe endiunpconfa@sng 18yer 627, 2 sodiwmpéntaining kayert6d3 hmmleiio

t hiapy th |

ndy! i‘y AEEP A B ol IS EUREN Bolephley B Wit coneiing 5

copper redayrsé M@éﬁh@m@e@md@ewmreb@hmr evenompod ithepelaydrn Referring to the

“predom na‘itﬁ%ﬁsﬁbmm%l Xfﬁ(is%)\' Ip?i rutB{raté‘(Scﬁi"i?l:@a)t’e%rwx&gbi e?é?;&oc}éqﬁ mgle, a
at n ug ga ,

. sublayer wth an ove at om ¢ I 0 of copper to.l fl um of
about oneChiSet Jpr@rsg lpyen p5¢ is Icnl}pk[d(%}h)‘s)ﬂecupde terer el f In radgmmetoethmdamnt t he

Cihiace. " cpoliiofine 6dhuticbahilf 14, 2 35a 2480 Bhockll LBER, B3belbottlll” .
5 ng papitaining leyetré&’j)(@ty%% yiNaxis cwpletdheﬁp CagSar.goeamsoBhydei>er Whilkgthis @xampk

- upper S“b&%&r Wscussew ag%rs\r,% éSgoi{mel%l tlggdge%%toﬁ%g etaﬁtﬁreef | ease

layer 520. e el ease 1 ayerch T on

region. %ﬁ@ I act ant precursor Iayers shown in FRGMardh26d8 nay
LE 128&4’9.

~defini ng Hvocowt:labriex ofeh&ﬂay@smhhdmwbdepﬁmﬁmmﬁig 1ay@rs, ﬂielEthi:ﬁZO WO

‘containing layers 627 is preferred since it may more predictably and controllably float down as
diffused copper accumulates. The accumulation of diffused copper above the sodium containing layer
30 627 is discussed in more detail above. In FIG. 6B, a CIGSS absorber layer 660 is shown sandwiched
between a residual aluminum copper saturated layer 675 anda coliection layer 685. The residual
 aluminum copper saturated layer 675 corresponds to the aluminum copper saturated layer 625. The
collection layer 685 is a zone for the collection of whatever is not incorporated in the absorber layer
- 660. The collection layer 685 provides process tolerance. The region of the absorber layer 660 near
35  the electrode layer 645 is an acceptable zone for the prccipitﬁﬁoﬁ of secondary phases that contain
€Xcess reactants; By precipitating these secondary phasés-, they can be itreversibly bound
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The metal electrode preferably includes molybdenum metal, but may be a multilayered

~ structure including other metallic layers such as titanium. In this case, the titanium can be either
sandwiched between molybdenum layers as etch-stop layers or located at the back interface with the
. compliant substrate in order to promote adhesion of the remainder of the electrode with the compliant
35 substrate.
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30 composition at a given depth in the coniposition layer can be carried out without undue
- experimentation by the use ofa sifnplc and conventional dynamic SIMS (secondary jon mass
spectroscopy) experiment. Among the other waye in which to seek embodiments having the attribute
of uniform composition at a given depth in the composition layer guidance toward the next preferred
embodiment can be based on the presence of unif(;rm performance (e.g., electrical, photovoltaic,
35 chemical, etc.). o
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- spect r ofoghyymexperi nent. Anpng the other ways in which to seek embodi nments
e s N
S reflection coating. The stack of materials described has a graded index of refraction. The refractive
“index drops from window to electrode. The refractive index of zinc oxide window is lower than the
30 . index of the buffer which is lower than that of the absorber. In this way, the structure builds in an
. -anti-reflection characteristic. A problem with anti-reflection coatings is, that the in these particular

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

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

the material layer(s). FIG. 8 depicts a mobile electric power generating system. An array of solar cells
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2_5 - geometrical patterns which can be tiled by multiple applications of the tool(s) to cover substantially

.al] of the substrate’s surface (¢.g., triangles, parallelagrams, etc.).
' After the release layer 920 of the tool 910 has been coated with its appropriate precursor layer
it is placed in contact with the substrate that has been coated with the other reactant precursor. If the
| tool has been already been preheated to the desired reaction temperature, pressure should be applied
30 immediately. It may be preferable to preheat the tool and substrate to an initially lower temperature so
o | that they may be brought into contact first and then rapidly heated while their contact pressure is
increased. The pressure can be increased by incfeasing a mechanically applied force and/or by
mcreasmg an applied electrostatic field. The pressure can be similarly decreased.
_ One of the potential problems with using calctum fluoride as a release layer is that the
7 35  material is mechanically soft. It may be desirable to, after transferring the product layer off of the
release layér surface, récyblc the release layer coated tool to a substantiaiiy higher temperature in
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rapidly heated while their contact pressure is
Referring to FIG. 10, an apparatus for implementing this process need not necessarily handle

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

30  ofthe apparatus design it may be preferable to shape a plurality of individual tools as hexagon shaped
wafers, rather than providing a hexagonal relief on a round silicon wafer, to define the contact area

between the meta-tool and substrate. Multiple step-and-repeat transfer steps might be required to -

create a close-packed tiled array of reactant product film areas over a large substrate, particularly if
the ganged-wafer tool is itself not a close-packed tiled array,

35 FIG. 10 depicts a tool-mounting platen 1010 used to gang tégcther individual hexagonal
wafers 1020 (and half-wafers 1030). The platen 1010 can provide parallel electrical contacts to these
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alloy as well, such as thermal expansion consnderatlons Further, it may be more cost-effectlve to
make the drum out of strips of silicon rather than a whole cylinder of silicon.
30 It is desirable that the release layer stay on the tool when the composition ]ayér is transferred
off the release layer. As noted above, the invention can include an optional adhesion layer between
. the tool and the release léyer. The release layer can be part of the tool and preferably remains part of
- the tool after separation. Whether such an optional adhesion layer is needed depends on the material
used for the release layer and for the body of the tool. ‘If the body of the tool, for example is silicon,
"~ 35 and the release layer, for example is calcium fluoride, there may be no need to introduce an adhesion

layer in between the two. The adhesion between those surfaces is by an epitaxial transition that
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wide range of voltages, most preferably within a short time domain. However, the particular

technique used to apply the voltage is not essential to the invention as long as it generates the
30 dcscribed_electrost.atic field. The apparatus used to apply the voltage can be made of any electrically
conductive material. It is preferred that the electrically conductive material be heat resistant,
. corrosion resistant and amenable to cleaning. However, the particular apparatus used to apply the
voltage is not essential to the invention as long as it is capable of generating the required field.
The particular deposition process used for providing the templates should be inexpensive and
35 reproducible. It is preferred that the process for applying the template be sputtering followed by

plasma discharge, particle deposition, physical vapor deposition and/or chemical vaper deposition.
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control Jle?ﬂl:c?as%’@ﬁst Blosetoa given value (e.g., preferably within 10% of, more preferably within 1%
~of, and most preferably within 0.1% of). The term substantially, as used herein, is defined as at least

‘approaching a given state (e.g., preferably within 10% of, more preferably within 1% of, and most
30 preferably within 0,1% of). The term deploying, as used herein, is defined as designing, building,
shipping, installing and/or operating. The term means, as used herein, is defined as hardware,
. firmware and/or software for achieving a result. The term program or phrase computer program, as
- used herein, is defined as a sequence of instructions designed for execution on a computer system. A
program, or computer program, may include 2 subroutine, a function, a procedure, an object method,

35 . an object implementation, an executable application, an applet, a servlet, a source code, an object
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connected, alt _ _
be manifest that the compositional layer may be integrated into the device and/or system with which it

30 is associated (e.g., a photovoltaic device 'including the compositional layer as an absorber between an
electrode and a buffer layer). Furthermore, all the disclosed elements and features of each disclosed -
embodiment can be combined with, or substituted for; the disclosed elements and features of every
other disclosed embodiment except where such elements or features are mutually exclusive.

It will be manifest that various substitutionsr, modifications, additions and/or rearrangements
35 of the features of the invention may be made without deviating from the spirit and/or scope of the
“underlying inventive concept It is deemed that the spirit and/or scope of the underlying inventive
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equi val ents cover _all such substitutions, nodifications, additions and/or

rearrandenents. THeVarberkd8aplchusf: 88 % 606/399%0 be interpreted as incl uding

neans- pus-functi enal Céfiubal, M Baas, K Rafa St ONHAMES, K $w@drizRddr SF. 8%RlohCi t 1Y
recited in a given claimusing the p rase(s} "means for" and/or 5 "step

for."” Subgeneric é%%df%*én?rggro?v%llirhﬂ?%u on are delineated by the

-appended. i ndependgif. Aey2 TS LoMthadshe IST Wekibha LeRsSell, SPseid, ird epdpntibdent s of

~the invention are, different i'a%gggp%é}g(g appended. dependent clains and
their. equival ent $he SepfggenceRe otevelter JnepislisEd galerence 7
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- 28 CLADeukabl&doBiREladiat 4l faised PiRfe8 kitfhice; @ Tirst hol der; a second hol der
coupled to the fi r[sat hol der; and a |inkage coupled to the first hol der and

the second h8Fdere yerinsapleh o the faispd prifered surfast ek thereusabletans aadcond hol der
the linkage HeqrdsslirdGendrafth RTLIQT 10 @OREAL HpressuftHeffdeR (e 2865 Bydrhat a
reusabl e ol is C?ngl ed to the first holder, the reusable %'ool i ncl udi ng
a rai sear“{)t ¢ tEPHWIdetir f ace; a release layer is coupled to the raised
patterned surface of the reusable tool; and the pressure generator is
adapted_ to geperate a Ere_ssure bet ween the rel ease | ayer and the second

hol der . 22. THEC appams pdaigs L, sherem the fisgholder 1§ selpgted fromthegiuger i s sel ect ed

. from t heorgk@ignf a platen, a roller and a conveyor.

3. The apparatus of claim 2, wherein the first holder is adapted to hold a plurality of

reusable tools.

4. The apparatus of any of the preceding claims, wherein the second holder is selected

from the group consisting of a platen, a roller and a conveyor.

5. The apparatus of any of the preceding claims, wherein the pressure generator can
~ exert a pressure of from approximately 0.01 atm to approximately 10.0 atm between the-

release layer and the second holder.

6. The apparatus of any of the preceding claims, further comprising a heater coupled to
the first holder.
7. The apparatus of claim 6, wherein the heater can establish a temperature within a

precursor layer that can be coupled to the second holder, between the release layer and the

* second holder, from approximately 520 °C to approximately 635 °C.



consisting of a platen, a roller and a conveyor. 3. The appaMarets2096 cl ai m
2, wherein the first holder is adapted to hold a plurality of reusable
tools. . 4. The apparatus of any of the preceding clains, wherein the
second holder is selected fromthe group consisting of a platen, a roller
and a conveyor. 5. The apparatus of any of the preceding clainms, wherein

t He pressure generator can . exert a pressure of from approximately 0.01 atm
to approxi mately 10.0 atm between the 29l ease |l ayer and the second hol der.
6. The apparatus of any of the preceding clains, further conprising a
heater coupled to the first holder. 7. The apparatus of claim6, wherein
the heater can establish a tenperature within a precursor |ayer that can

be coupl eds.t o tlhe appaatachofietin 6] whepethvRedterbhslics & Sasical Bi¥Hlo B eudable second
hol der, frt%ﬁ' rsoxliﬂg?it%lﬁ# 520 C to. aB roximgtely 635 C.. 20 March 2006 29

8. The apparatus or CraURy §asshea uroh '§{°g‘gl %Mﬁc%ﬂ@?‘@gﬁi cal bias to -
the reusable tool while sinultaneously passing a current pulse through the
reusahl e ol terally. .5 9., .. The apparatus of clajm®6, wherein the

heat e:g i nfg')Ude %ﬁ%ﬁé‘ﬁ#?’&ﬁ??ﬁfe&%‘%g&%w ﬁ‘ift“m%@\‘f’”éeﬁ?a'ﬁé br ought-
i nt o cont @idonvthitican bebioughs inth@ntierwitil@e filhRolagpar at us of claim 6, wherein

the heater radiatively heats the first holder to a reaction tenperature
whi l e sinmultaneously biasing the reusable tool via an electrical contact

that is crupl eThe=ppirias 6R5M16] @héreifkhe hbdter AMRIVABARLRIHTIFQhoRbALD 6. Wherein
the first hol der, 1 ncl udgi aroller and the heater is located wthin the

rol | er. faction temipgratureghife sipdtageously biasing therrensaletook viapn eleptrigel soutess| er

coupl ed thatih@upled & thbRu@BIetool3- The apparatus of any of the preceding
clainms, wherein the release |layer includes at |east one fluoride selected

. fromthe 1group];:hconsi sti(ﬁg of CaF2 and SrF2. 20 14. The apparatus, of any of
the precedi ng cIcAPENsQtclate b wWasssin ihsifisy halder ipdlydes a edignanddhe kpater ise. £ 1 st

hol der andbatedevih@omasbhiigo! der to apply an el ectrostatic field across the

. first holder and the second holder. "15:. The apparatus of claim 14,

wherein the circuit can apply. an electrostatic field strength 25. of from

_appr pXi ely.. 03 volt ] C to approximately 3.5 volts/mcron. 16.::
The %pgﬁ gt usTg? a@aa%%%%eﬁ meacrpistonpled torthefigt haldesn gt hcan- be
from approximately 0.3 volts/mcron to approximately 1.0 volts/mcron. 17.

The apparatus_of any of the preceding clains, further conprising a
pr ecur sof3- depBesrriattis ofivasd Geipracediog plhine, wheréih thefréledst Ihel Heludeddne

Pr ecur sofeadd 8ROMIIHIL Re1S RS I ada .eg%ttpc%gco a precursor |ayer to
“the first hol der, wher e|n°?‘§‘§gﬁ¥’888?‘§§bﬂ F?‘}L‘jig#ﬁ*subassenbl y is adapted
to performat |east one deposition .
20 ]J4.  The apparatus of any of the preceding claims, further comprising a circuit coupled to

the first holder and the second holder to apply an electrostatic field across the first holder and

the second holder. o

15, The apparatus of claim 14, wherein the circuit can apply an electrostatic field strength
25.  of from approximately 0.03 volts/micron to approximately 3.5 volts/micron.

- 16..  The apparatus of claim 15, wherein the electrostatic field strength can be fromr
. approximately 0.3 volts/micron to approximately 1.0 volts/micron.

17. The apparatus of any of the preceding claims, further comprising a precursor
deposition subassembly coupled to the first holder, the precursor deposition subassembly
adapted to couple a precursor layer to the first holder, wherein the precursor deposition

subassembly is adapted to perform at least one deposition



€20 March 2006 30 techni que sel ected fromthe group con5|st2&@hmmiﬁpﬂtter|ng
foll owed by plasma di scharge, particle deposition, physical vapor .
deposition and chem cal vapor deposition. .18. The apparatus of any one of
t he .preceding clains, further conprising a precursor deposition
subassenbly coupled to the second hol der, the precursor deposition
subassenbly adapted o couple a precursor | ayer™to the second hol der,
wher ei n-t he precursor deposition é@bassenbly is adapted to perforn1at

| east one deposi.tion technique selecCted fromthe group consisting of
sputtering foll owed by plasma di scharge, particle deposition, physical

vapor teSHRR{NE sL1b Al RO s RRSp S BhsioRR OF sﬁlﬁ&%@ HhRPea by plasma d:scharge,

particle deposition, physical vapor deposition and chemical vapor deposition.

" 18. The apparatus of any one of the preceding claims, further comprising a precursor
deposition subassembly coupled to the second holder, the precursor deposition subassembly
adapted to couple a precursor layer to the second holder, wherein the precursor deposition
subassembly is adapted to perform at least one deposition technique selected from the group
consisting of sputtering followed by plasma discharge, particie deposition, phys1cal vapor

deposmon and chemlcal vapor deposition.



