N ~~~ 910~~ 7D { i -~

10

15

20

25

30

WO 03/026028 ‘ PCT/US02/29684

DESCRIPTION
APPARATUS FCR THE SYNTHESIS OF LAYERS, COATINGS OR FILMS
BACKGROUND OF THE INVENTION

1. Field of the Invention
_ The invention relates generally to the field of materials. More particularly, the invention
relates to equipment for the synthesis of layers, coatings or films. Specifically, a preferred

implementation of the invention relates to equipment for the synthesis of layers, coatings or films the

" utilizes pressure, heat, precursor layer exerted pressure containment, an electrostatic field, a template

and/or a surfactant.

2. Discussion of the Related Art

A plethora of methods have been used for the synthesis of films (coatings) composed of
hlaterials from the CIS (copper indium selenide)} material system and related alloys, but each of the
previous methods has characteristics that limit their applicability to the economical manufacture of
films with properties suitable for application to optoelectronic devices, such as photovoltaic (PV)
devices. PV devices require an optical absorber that also provides sufficiently long minerity carrier
lifetimes to enable the collection of the minority carriers by the electrodes in the device’s structure
without excessive recombination. In all semiconductor materials hlinority carrier lifetimes are

dependent on the defect structure of those materials. The control of defect structure is critical to the

 successful manufacture of PV devices. Similarly the defect structure of high-temperature

- superconductors, electroluminescent phosphors, and other {opto-)electronic materials control the

physical properties that determine their efficacy for their respective intended uses.

Thin film optical absorbers are more economical than thick film absorbers or coatings

" because they requife a smaller amount of the precursor materials than thick films or coatings. The

formation of thin films with desirable defect properties is predominately determined by the method by

which they are synthesized. Early efforts to fabricate thin film CIS PV devices that relied on the
steady-state co-deposition of the constituent elements copper, indium, and selenide were not very
successful'. The first efficient thin film CIS PV devices were achieved by a two-step process that
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
throughout their combined thickness, and resulted in films with desirable defect structures®*,

Variations of this method have been demonstrated, based on different temperatures, numbers of

. layers, and compositions thereof.*®. Other fundamentally different approaches have been described

- that rely on, for example: (1) heating stacked layers of the metals (e.g., copper, indium and gallium)

and selenide that have been sequentially deposited at low temperatures™, (2) thermal reaction of
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_ . 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
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precursor layer that is coupled to a second substrate;
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o 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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September 20, 2001 (attorney docket no. HELE: 002US); U.S. Ser. No. 09/957,207, filed on
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expressly incorporated by reference herein for all purposed. '

The below-referenced U.S. Patents disclose embodiments that were satisfactory for the
purposes for which they are intended. The entire contents of U.S. Pat. Nos. 4,392,451 to Mickelsen, et
35 al., issued July 12, 1983; 4,523,051 to Mickelsen, et al., issued June 11, 1985; Re. 31,968 to '
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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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- el ting py br&ausc 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 composition layer is formed by
30 the interaction of the pair of precursors can remain as part of an assembly containing the composition
1ayer. _

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
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el egent al E nﬂa vapor) The invention can include subsequent processing
he @8??88 o3 ¥ - ayer. For instance, the conposition |ayer can be
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| ayer (s)...The f.oll qw n exan le uses the copper-indiumselenide (CIS) .
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DL2BT R S bt GRS 2ALE ST sRBEE Bt L
make a 1ayeB25(TieFIGaRB] thy @iuml selekilléprecifsor luyer 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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without mechanical manipulation by changing the applied electric field.
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 reqeablc 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



cobnposi ti Oﬁﬁ‘bi{fﬂh d(ﬁ&fr provi di ng a negative feedback 20eddrani2eos t o -
I nhi bit th?{ng n o ?endrltlc structures during the reaction. The
app

electric fie |ed can be from approximtely 0.03 volts/mcron to
approximately 3.5 volts/ mcron, preferablsy from approxi mately 0.3
volts/mcron to approximtely.1.0 volts/mcron It can be appremated t hat

the electric fi flcant orce bet the first

precur sor and,tﬁé ?egf)ar?%?eﬁﬁ'é&]’t”’s“g’ Pt ‘Yfés‘fbémﬁ? ]éﬁaP‘Fﬂé‘P is

ot herw se mmr:toedxtamnhamdﬁt/d a/nu:d‘éwdﬂbenieﬁcfﬁmffeay lemxad, h stRlicSobdatifl dﬂﬁ?en@@mh 1L
mechani.cal . mani c angi ng

controlled W t hout ul ati

the applie %]Q,Q SSEPiiPa a#'!mc fvﬁ%rﬁ'ée“@ffeggtt cpreesorp thatwill Serve & s @?ﬁ e goriiact
pro ﬁ ess C aqluring happg i & dtat:mcﬁcﬂuglrdjﬁerfmab?rbe mtedwycﬁmanfle pr%&nﬁaah?ﬂﬁ &Iaﬁﬁ& lzone

t echni gue on the de s of. mat eri al s used for the various
parts. 3 | f ’\t@ﬁ«g; ai;'efg'ﬁg I°3§S§F“3P§e°§%i°8tf‘§g’t‘?hg§#9ﬂ’1 nsul ating material and the
T eusabl e t ool C'ﬁmdmﬂt:ncyefﬂﬁ lelRcthit ﬁsldtﬁplmﬁhﬁftﬁéﬁﬁdh&m Bpfl HeBibeh tic BREY phdd@rsors
el ectrode Ia er an% %e 8 teth r that th i ased surfac %a

b ought £ o§eY B Rt e imient o5 5 P plss i Core S srueBIA S D g Dat e
precur sor teayian srodiet, IS it fubstantialiyiess edectrioaliyesducting thanaithel of @i ppleats i al

di fference, between those el ectrodes, In_any case it is desirable that 35
there is a enf'sgié\gsf Rf’)ﬁ&m}‘?%‘ﬂ’e’&c(?hﬂﬁ'c? tion {hat SPrpiegt the dterface befweenac ¢ 1 odes

so thd#x e Irelattv*elmhdmmerlﬁmtry pxdﬁl&ﬁar it lelmllm&wemthé blecrivhel irdtddsity. IftlieeCur sor
| ayers ar rou | wi t.h ane an 1er ATT E

BELE! 120 S %%a pﬁtﬁﬁﬁ@ ﬁ{Fﬁ ‘ﬁgl? I0fhc TR Do, i Feaglqn 5‘&”‘%&‘.‘% he
tﬁpper and plrapo&ibn saths Io:ﬂtc&ﬁrlaﬂwlg }[‘mg seiferasderaforbettbet (AECIVE &edbai:lt)mlﬁmtp]!aﬁmf Ban
ave a nu ene LCl a e Ei r.st a st atl Ia | er ence
T B o edreshin RERGha 3 Reriier Jobs smbistin tha mmme st ToRe by et Cwr 11 ©
3 e ][ ¥e t 0 |cm$tlng&1tbii19 o (1|) mtd dﬂi&ﬁ)&;ﬂ@cﬁar(é ggprodutt)rbbing smﬁahmtg lesé\c@fdﬁdﬁvéﬂﬁ@ﬂle nti al
| nce can use C t e p ure nthe r ction zone
S R o, SR B et bR Tuont fopte e ] GRHpR oot of

- L _e_ndency prrdch@ozﬂi}&ﬁﬁﬂiglﬁ eﬁcﬁ:ﬁﬁr}dtdreacphﬂﬂwgltdﬁbnhhﬁd_ nroeﬂﬁ]tprdaacéfntmtas 1. tefe\t2emn t he
lnary precursors e n the er.re odl nent _for S SIS IS a
mor e subt (¥ OBFES aﬂ@ﬁ e statp Fgtepa] pyaicy She RS 19110, pegiey PRgICdRaeited Qe%a«tdas
subst ant i ahleﬁw @hish ﬁkl@@tfém@atlﬂlefprs@ﬁuéwtﬂ dle:tdd . QDL ddrfse, ke foRRiGPSABAIN SOr' S

t hensel ves qQnsequence, perturbation that creates curvature at
t he mterﬂ&ﬁ‘g’sﬁg‘fﬁﬂg fevcrssﬂa %‘b‘l“&';‘a ﬁ&ﬁ'&"ﬁ’%‘“ﬁ’i“ﬁ‘ﬁ'& “‘B}géh‘iﬁ'%’f’ wgder s

| ocabkby i ﬁﬁ,ﬂﬁa@@m@qleqh@ﬁ,hﬁd,p field int en5| ty. If the d| rect i on of that
field inhibits_diffusgion of the ioni front be
sl owed in proavg"tt Eaplpsiee ptig in ‘tC]Y t"?ﬁ‘ﬁt’é’%té{ H‘*i? ta"t‘i°8'f'i°Ié‘tef ect
_(negat i verdarnbarkpryl endsy Beickit-8Ra5 | fe?fase ﬂl@ﬂclﬂ QOGEfEeM paftOd¥ithe RB6Ess. Usis

rel evance .t o ‘the synt hesi s _of ﬁ%ﬁl jon layer by this nethod is

cont i ngenP"sé‘He;PPﬁﬁ ‘*Fﬁé“"éé‘h%%‘g ? ’@gﬂ"n" BRfc {tyis 450 RO G 0EURERAR | y
| ess condi@tal M&:ubkt@tﬂ: fidlEovkPpt Graht 18A%isn yRlelto ,fmwa%arttuﬁat,a faehdt rdte) hekdb

exi sé§nce of .at |1 east one ionic speC| e that must transport out of _a

pr.ec#? sor cliengiag the iigetiosipy changingthe relaiyeatipchment Jatp tofge P‘é’St? jodignty pf copper
-product’ n@aqelemitie. THY @in bB BmbdfordAEbiad it fveRfon AN SRMEE fcsrbarhhg FeleMtd Mbo

physics the phrase ionic specie, as _used herein, is defined as an entity
whi ch f eethg laifice Somdhe mel. h%utahee@@wé@dw ngthavs asaystaliograpli guiding foreg ar@e ¢ he

pol arity GemidiFpfdiflofc@es Aack tof thél Istkrfeinlds: one KMo AnspdftingRoppt intoAl. If the

~configuration paraneter, duri n%ht he interaction and/or
: _ ~ selenide is allowed to attach faster than the copper, a phase transition would then occur that could
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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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20 nodul ated during the interaction. There can be expl osi v Waridr2006

i nvol ved. A" t ‘NO-field can be used to control the reaction
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d th%e%% al aM r anong other things, solid state diffusion of
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Convect i otthel morpllnﬂmg@f arel lmad toanothert Thiesttmplate @in b dsttoarahiferd medtiiainediy ffoat her
t han a secon ssi st ed 9) nt.er nedi ate case i s
cqui red. SRR iR g i R Bt Goe o Rl sendfr M mete o Gadwe
dependi ng tosmothae d| rect | on of the field, can either inhibit the copper
transport or, .acceler i nj ection of cog&e into th surface
wi il Pond to aARE prel . @@ he ipentig spngnclnde pritng a relptyglygrow dicn
at the fr eniplaafinie. gde@peahalem shlfemad)enﬁre@aéase PPECITHE aﬁﬁeeaid df SuchiaGéla®rrBrigh,
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aT; eld.as well as a static fi , Or co nat i t her eof _nmay be
hah 1o chastt ot S ofi gk Bimgge %%Wﬁh% Shmdigyn toelenideuny
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manner. 15 The invention can jnclude the use of a_structure transfer Iayer
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The tenplate can be used fo _transfer neta-symetry

one | ayer anaot her
y su%l(%ttlce sites ?n this structure. nBa Ihum and germanium can be alloyed among the Group 3 lattice

from
| sites. Sulfur and selenide can be alloyed on thf; Group 6 sites. The prototypical compound for these

30 examples is copper indium diselenide. And ail of these compounds, if they have sufficient copper,
will be characterized by face centered cubic stacking of the selenide sublattice rather than hexagonal:
“The idea of alloying Group 1 elements into the front surface (between the release layer and the
precursor bulk)-_is to create a part of that layer which will be transferred that is already characterized
by the desired FCC structure for the group 6,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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one layer to another. The tenplate can be used to epi t axi &0l March2086 er a
| attice structure fromone |ayer to another. 20 As an exanple of a
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Fefm arning ce o grou er

agai nst mhﬂanals)eﬂwsﬁadtamy bwemfsmfdoetenams ah¢ sirfattarglcan inpraye diffusiteraces, impve ur f ace
nor phol to.create a very snooth

juncti o{f?]’gxwg E%hlcgglswu%r\é.’wyf %mgﬁane O?gltana" ‘c point of view because the

vol tage of t 'lﬂhE sudivimgeayi psevent the formatlon of local defects which can lead to an undesirable
crystallographic structure. The sodium tends to aggregate at the interface of the high copper region
30 and the high indium region. It can be desirable to alloy the sodium during the 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 example 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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ey superior. to processes usi ng only a single substrate because the 10

nt | on3E4HF ipplebRaRresshr cresicd bwedadberayEorh e frgnlaies. the aERrtaRi(s).44 eni de
VEEEPS | S mfdned fidld hiRiM ! cHtalyBis) WMl 3hIEBE dulicient lol difre fhe @MEtadibn 6QR¥&NEKE onal
co-deposition nmethods, |eading to additional equipnent and raw nmaterial s
cost to RFEMFOI%s deficiency in the product when such approaches are used,
since | R?Squoﬁﬁerﬁgﬁmﬁs ot 4 Rl PpRineRR b o fROMBeclif g ¥halpth (FlaPrefbdda dIgor
: _ emb%dinPent 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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C 0 np2$ antexgﬂnalg dan thglosse roﬁCéGSﬁmmhems 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

_ compos:tlonal interfaces during the reaction between the fluid and solid phases created by meltmg 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 mtroducmg a surfactant is that it will not be dlstn‘buted predommately at the free surfhcc of

35 the final reactlon product ﬁlm, in contrast to all other reported methods. Thls can be an important
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retaining vestiges of the initial depth-dependent composition gradient.
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 precursor 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
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shoul d nofuyPel.tpreciatspr layer 980 isceuplpdgo the electrode layer 645. In addition to the surfactant

capability of the sodium containing layer 627, and the sodium containing layer 633, another sodium

containing layer 655 (Cu,Se;.y:Na) is coupled to the Cu,Se;., precursor layer 650. While this example
shows three sodium containing layers 627, 633 and 655, the invention does not require all three, or
' tviro, or even one, of these layers. Of the three depicted sodium containing layers, the sodium
‘containing layers 627 is preferred since it may more predictably and controllably float down as
diffused copper accumulates. The accumulation of diffused copper above the sodium containing 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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from coming into intimate contact with one another. Of course, the substrate does not have to be

30 compliant.
The metal clectrode 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 of a simple and conventional dynamic SIMS (secondary ion 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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transition tenperature. The conpliant substrate need not (0 Maich®006i n
conposition, and may itself be conprised both of a nomnally uniform

rel ati vekyo bd/ghéhsbul kK with a thin conpliant layer at or RRFIydohSeesh Nterface
with the el ectrode |ayer. A non- hom)genous conposite substrate can be

structured where the melting point r$%tower near the interface with the
precursor. Such a layered structure can be created 20 by chem cal etching
techni ques that |eave a porBemcesthef ewpaele theMateiabiaybry t he deposition of an

interfacial k@%ﬁ{n& dJe FI%Q?HIQ:QEVC ah cludé_ H&léepﬁtﬁ%cﬁﬁoﬁaﬁ th@%@ﬁ ther

material can 1 nc poi nt | owering substances such as ium
and/ or BKi dsicpictar phitievoltsie éﬁrﬁca&laals UFftib}l@Pamlaf&PlbeHdpcmfé\fer ganeratiom A ncl ude a

col | oi dgj, ssqhﬁs&%%w@ cat&xéa'ta trpaeceee 1) ﬂte%&%ua@ﬁtd Sb&p1 ﬁg&aﬁabtaﬁﬁ %’7 ﬂ' ppi ng

or spraylin her alkal1s may be used provi ave a
| owér g %tngqmﬁmqf ehsgiperlpyees are Ggngsehrheyy mzetatl awyerlude 8, CHReCIiSgAERS. sodi um
or pot ag@qmﬁﬁr@@ggl ng sili cates melt at a |ower melti ng point than the
| ower sodium orﬁ_pot assi um cont ai ni ng gl asses. By coating a rigid substrate,

an intimate Admerdeyer pAkigeaupled tpthe ahgorperdeer 39y Thedptlerdayen Atyesampsimes t at ed.

- Wt hout jrgccaruian feﬁamed ﬁJQ@B P&ﬁvﬁtﬁngﬁ@@ﬂ WAl dod ButfeP lalyFRkDle Wit themletBY 6 1 PPl es,
.ridges and other kinds of surface features may prevent the two precursor

layers nrludesadinmnepliide: for sxamplesadimivg sylfide zing epdeo Rthensibstpatially ®n-cour se, the

subgtr atad@laag i@ 1480 fhchule PRI FRITM AR Selendag caBRtidth sAHES LinOslfeniticef € abl y
I ncl udes ol ybdenum netal , but may. be a multil ayered structure including

ot her né‘%daﬂ“lcl"éldleawl@y%‘tl}ﬂ'@ as titanium In this case, the titaniumcan be

ei ther . sandwivah®sh 1bﬁtwm@cdﬂgtexmﬂ@wﬁet Y6730 Ahe BlnfiPar&it eBndudit@vinddw | Ocat ed
at the back interface with t conpl i ant substrate in order to pronote

adhesi oRYS1/5¢ poviderfatertrondystivipy, Negdless t¢ Sushsvindoy idrapspassnt i prder tgget

S ubst r afight to¥hd sUSHIEY. Aa@ithis DGe latdrﬁiylibn&tﬁﬁ)ve\t%rd&&o gél tilelRBEsYouPMddvérdo t he
? er sel enide and, the el ectrode. The bar ‘wgiayer at th |nter1tace

_ e R cifguit Ve - gpid dnerH grepnbon Wﬂ&a °t)’cf|é“°&ﬂn5cﬁ§? Riplecddtesi on
I ayer. b’fﬁdﬁﬁﬁﬂubﬁ\@n(ﬁmﬁfoxﬁﬁMmhd@opﬁﬂﬂlytdaﬁspaﬁhﬁﬁﬂfe%ﬁlowThﬁerﬂﬁm’@@i taa | ayer
bet ween, t he. co per qsel eni de and the el ectrode can nc%‘g hl
el ement ‘“"‘i‘%“’&“ elydeiusing 2 ganductiye e 0xddefonthe Winday 2 @owﬁ ¥ yt«e-fgn “"'Pﬁf'du um
-L el ljur | £ifi) oxﬂmQiﬂﬂﬁitﬁse@thﬁﬁ@f-qon&t&{h@élmﬂ@o:dgwﬁe&me@gﬂt bl Iit@ﬂ’ei;]ﬂafﬁr figgid, it may
e desira ave wettiin there, an ne ot t est ways to
et e U e B e ooy ol e B dr/ah bt Pl HH B or i
Cl s0at ?hﬂxﬁcabﬁtmbr inipotiy] éxadples d¥wHichge iadivinh@llihedybimium' 6 pEé@Mr&ﬁpr ocess )
occurs from e ot i nt ace, te t t he re-grow
process nay gﬁnf de{rﬁBéstcﬁF?lﬁ‘gtBQlI?n h]?)daéggﬂ' tfeafﬁngr’r}r/ psrdyit G Bt
i nt er f ametallin be!aydmefﬁhdtetg in dolntast \deﬂﬁmﬂﬁc .mdetdne theg hlaininv®: cgrtopbfithd Mél@l. ithist he
two directi.ons. Th rowt h,.rate e mgdul at e the el ectric
1o i SRR vy S dikei B zrtemict RS £ shem P et fy B iEinte L
above drtide widtleia isulbtinge ﬂhcaawcemcmibstmm@ﬁmt sacpsulating@ackage ol caree | ayer .
be, d r bIeto reat i taxi i de barler [ ayer .bet ween
{25 o) | PRI AR VPR EaPs S, e Bopt o e, The BBt oof PO RVBIELS TP o ¢ he
si | i con{notshoem)pper diffusion barrier useful in conjunction with the
I nvention in tun sten _silieide. order. t et.to the under]ying
ST con " coppR i EisReIR e B Rttt ith By s hElBiret fykpdi Higaahy, oo

‘one 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



15 | ogi cal J].ELE ﬂmauch a barrier can be at the iR0dMargh@08fket ween
the silicon jE'EE% layer. It mght beiuseful to have anot her
opti onal barrr er near the el ectrode. The invention can include a
barrier |layer between the electrode and its adherent precursor structure,
for exanple the copper selenide. Indi um%‘?“gal lium can be added into the
copper sele |0de I ﬁr to create an interfacial layer of CS or CIGS which
woul d net b¥E“df °°HI?% to Kpcking sbgisiepHi20- Higamex of solotselinfl Gtan bwotatdadtited byer y
_copper sel elﬂtd&m@duﬁs?@enekmdnamowwagohﬁdganagod@ﬁ&%ugm ‘éﬁﬁ Qﬁ%ﬂmgom um
0

froma glass SUbStsﬁﬁ iinfo the reactant layer. However,
advant ages PR S ¢AR gl elestranies fha meludg %@erqon@\c@momonmﬁewmdmgudm

| ayer may ﬁﬁiteﬂhma@er(s) aBcritRd b RBHRBSVe. tThe Qééﬁﬂ Mgﬁ) 1%1(3& td emeﬁlclter% 0.
an t1on

el ectr&de er E tron can al so |nc sodium’barri er

| ayer velige @rﬁﬁr %W%&ceﬁma@webme@qh@aebammmmmm de

surface it bailgdd/oben iﬂ&.ﬁﬁ&%ﬂ&hﬁwﬁu&és&ﬁ%oﬂmcﬂﬁg %@E&é Hél;t Jchal\}@ef' on
sy

I ayer. Trt n| um an _effective adhesion layer 1h ere
not being 138“@?1955 redsfail2beyer f or mance i ndi cator or di agnostic
identitier, preferred enbodi nents of the invention can be identified one
at a time by testing for the presence of uniformconposition at a given
depth in the conposition | aydiquirmsat forddanufaspuring thedMatereshbaversf uni f or m 30
‘conpog0dt i on at Twd diRrent @R Mu?a@ﬁnﬁ@%ﬁb%&ﬁe&%dl:&?‘rﬁéd 6P A ealiR GRLh} ,ﬁ@‘:.%&&

W t hout un g@perr ntation the use of e and conven

dyhami ¢ Sl ‘(C %55 5 9“\"@#110}%‘&]3@ t appseach 5 slevigngyl t@@g@nﬁ#b'nmces&mtcmm
({toggr ey S a diorédd idNarldQas BRI FRTRAGTE A “Satd}P Yiddths [ sBlohl %}R,H&a‘éh cBlbe H,-%I

C ositiop at a given depth in the conposition |ayer ance towar %he
next pref er{PRENUORTFEYFTAS a@ﬂWPﬂB@BW&@eﬁmé tpol and epib@@enc@ugﬁs serigsfobdimarete
pel’..;ﬁ_:rminCﬁlbétfht&ora&inﬁﬁﬁduk%@édﬂeﬂiﬁ&tsﬁé/e%ﬂb 35 chem cal, etc.). AMENDED
SHEEF 20 March 2006 WD 03/ 026028 19 PCI/ US02/ 29684 . Devi ces t hat

Incorﬂ) rate t heAlEXaEmieAT ajtep) Biakoambe used foi diserstemplgsirate prackrsing fnsbowi iDAIGHI9A-
| ncl ude dess.CRIBS! S1RYBIIBGEIRAL Boforla GIOBR h HladeWA&F (10 o) Shifomadc &%gééf a

“photovol taic device that is useful as a So ar ce electric
gener at i on® $Kemplarydliscrefpseqessing tqol 814. érélseaprlaarer 928 isgoupleé o thasidel ﬂQﬂnﬂﬂﬁﬁe

el ectrode edfpl r er

| ayers are di Sgi@%@gﬁgggﬁfeﬂﬂgg%& gr% i%@l %Zg%@%%;%w%

ACI GSS andFresseestjonshrahigh m@rowdayémseﬂmgnabmﬁbreealm@cmlamm liyen92p 730. -
- The bpg f erindiades taldid ﬂh&@@f‘érﬁ%n&fﬁ@%@?xﬁ%ﬁj éﬁordéﬁﬁésﬁrﬁe%éa%fﬁ(ﬁ.l Ei@%f:e%é&ﬁat I ng

| ayer. A good buffer layer usable wth nvent1on can N um
‘sul fide, fafiteselaes levesaaditopreainor saating (fiest prosirens), withitleersubstrats: aad fits pietursomon 10

CONGUC | ol @boldMEkitol) L 4P pRULUTLGEREED! bd BObATE AL AR 0 um

-. sul fide, zinc selenide, &and zinc’ oxi oys ereo Ydow | ayer
750 is co&b!rse“atetsmrqcraéomrwm tgnsferrgdiduring Hie procassf fremtione Biredise of algexagonalow

::1” er 750 PRy sO8F dnlk: le. ﬁ%%i ! drfiidc¥ ﬁorweaghﬁ%aoﬁso ngé/ac%l}cﬂe% I:Wugﬂ W s

arent i n order to to the ab
| | y sewsneitieed pagternis whishgan bettdeddutmyltide ariplicationnef thetoolés) th aoversuusmnuauy

.a}l’ 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 increasing 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 layer surface, recyelc the release layer coated tool to a substantiaiiy higher temperature in

-In .-r:\v.n!:n QHFET



15 an external circuit via a grid line if present, or a b@é Mgich 2006 wi ndow
functions as a front electrode. The invention can use zinc oxide which is
optical | wwooaemsba ent as the window. Alternatively, the pdyveibhifascan
include using a conductive zinc oxide for the window and a relatively
non-conductive zinc oxide. In this edte, the non-conductive zinc oxide
becones part of the buffer layer. If the w ndow'layer that provides the

| at er al ouisnfdlgctttha/lietcyseilmt tedawoth buicthexbydepraving dhersutfee al the elesk laget foran 20

el ectri Iun1num
or hos%%l C@QIR% %\r? QBH&{ onaﬁe %l‘s&sla 4 %Q&Iﬁéegﬂ{erggc?%p ﬁlemamu ] Iayer
750. | f redatiyely doft mamddﬂkﬁ palciom ﬂucb*eie,at mmbttlalpmfcralm t0| ua§ &Y extrbmely bace material,

cont act g ckﬂmﬁ@ﬁmﬁkﬂ oxi de and then alumnumon top of the nickel. It is
undesirabl’'e to put aluminumdirectly on zinc oxide since it will chemically
reaét and f oFEraspactive efivhethendheisesifis miteriial comhbyngtign pfajicom hethelmvsiable taohcl udes an
Ot | onaky,GREART UhakhiH mcémfuﬂﬂ b /e (e.g.
poly vi n;F: acetate o?:k copoly B %L g&bé@:e cag?‘ﬁ%ség% C?fsglgét%’/g?% bus bar
(not  shéegirpble that thmmlaﬁe@#b wed fop ﬁww&y@poriests h@@apn@eefsssamylnﬂmermghmwessmt erials.

- The buf f&iels¥&lof ALat R

materi al s ggscrfbed §§&§ §§; ex ofiref%a I on. e$ﬁ§ re?ﬁgctlve I ndex
dr ops fPW%ﬁ%WﬂFB“ %ﬁtbﬁﬁfﬂ%fbﬁma#ﬁ@’s@@fgfaﬁbﬁﬂﬂéﬂ%@l peperfitsnc  oxi de wi ndow
s jpover thappt %@%vhﬂé’%&‘ ofthe niGtibl fﬂﬁ{ mm bElhe héut }eqwd t f&%ﬂ ah@ﬂtqua tythe

absor ber . In this way e structure builds in an ti-ref

char act 84! dayprean pe B‘i%‘ﬁ?‘bt?ﬁ heptflowthgopeh the toalang m%eae@layqr rp@lser fhgn bx lpratma the in

these padrhyliaht sabstrade) Bffs pepthitdiBe ik 8Bmatb s SRR BARAR had WouREloh B EMGE 1 S
usually not worth the extra cost. Systens that Incorporate the Devices 35

" Ref er r i hggtedge sekchigh tempseaturen fonrteaded oeripds AEImRIE-go plestissguchisapolyimids) Joat e

devi cesiHelgi] thehfdl Wil@get o the/FRIcEY: b belr@iBddbFeithdr v SRR B théa
el ectric power gene?ggtl gg{}?&%tém Kn arre{@ o @Ferl%lce ﬁé%‘%ﬁ? DOCKET

. Nol3 HEpreneslde approxiroatply A&/ ermd) of iy togd a&@ I lsbr@wysrr@dcm@ctawthrtm:wbmte
~ subsyst m)&%@*bn-gh&nﬁrc{@é éﬁefssaal&req&%laapr%ﬂ&a&m Q@or{dﬁ’k’?etf&&iﬂ)ﬁﬂg thelnl ed by

the tracki'ng 'subsystem and shown i n an ‘ort hogo osition

vi sual equaktp @wrowetebfrﬂa’%qspwgﬂ betmsenthe ek ied teohand; sn'aqtra'@éi eell@«gtenmh@y t hat

i ncl udeﬂé%me?@mgﬁeswﬁpoeﬁap%ﬁmoﬁtmsatstdnamﬁ% feg material layer(s)
described in_detail above. The tracking subs Fem 820 is coupled to a

vehicl e 830. R@Idrh@uv&wmcbeeachwd@aﬁumﬁemslmh ﬁmelué@g prigoplipiad tathgr age

subgyst RALFHE la%@éacﬁeéomtaf)ﬁwatdagn&y béachRPEIylaBplyinD 8K Biks Bhelsiidbiet O bank
that can inc superconductlng magnet i c “conponents which include the

mat er i avafenylilesinultpaequsly pesging a cefeentpulse shseugh therwaterdaterally tosapidimbaat thisr i ng

the Mat ﬁ{ghﬁl:h Jaggy frireldholdeP forl the gl &!aign&ﬁa%{ak@am@awtva@iewlweor@ﬁ&roaac hes are
describ ch each can inple t he techni ques of the invention.

The fi rgﬂpoafsﬁﬁsfaeﬁthegva&@s |Pg'1a’ééreﬂtt'ag %&M}%ﬂ'ﬂ%@é&%dwwﬂx bied with a

di scr et Reate@plstorRitlo e@ﬂac& AR Bk BER sk of BE fRH FipiddRGR ma%es&ﬁé,ed Rafigeond
ap roach can be terned a ‘conti nuous" process uses cont | nuous pr ocessi ng

t 0dP  anthe gar wekacepf thevaferseadiatively fq the reagtion teanesiuse W%llmwaé@lé biaging the wafer

cont i NUEH & Meduddi Ednaéi BlIR @Jf&e@fe%umttﬂe@éﬁp;dlh@mﬁ@nﬂma@tﬂaﬁb@émﬁnﬁeaol that can

be used for discrete substrate processing is _shown in FIGS
Referring to FIG. 10, an apparatus for implementing this process need not nccessanly 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



9B. FIGS. 9A-9B depict cross-sectional (FIG 9B) and pl ane20/Mawh@00& 9A)
schematic drawi ngs of an exenplary discrete processing tool 910. A rel ease
| ayer 92@wo®e3/6mum ed to the tool 910. In this exanple, apdRyadsdshi con
wafer is used as a reusable tool. This reusable tool has been patterned in
cross-sectional relief to provide a r@?sed hexagonal surface. In this
exanple, the release |ayer 920 20 includes calciumfluoride. The raised

sur f ace vgfers lresimyliangous prpcessipg. T tachthown inFIGT 1 dwemideneble simulenepusdbrmatiomd i t s
[ el ease of Auflerial Mo (elg$ CREAGHFSAIct S0 ok Sulslahichly aREBEHES Ohile %ﬁé’fa{:% gfehgf

substrate, and its precursor _coatin second precursor).

pr ecur s 8 sebsipte radpmgs. Sybstpteslaeget thanthe depintad sreta-tapk aquid jglso beitpsommodated

precur s@ith a@@F nAOrepdablagproadts TRY in@idiatal Wahss deBen R hQERE Ny B ndxQfdmBL inﬂ?om{f he use
pattern is only one exanple. Better performance for PV

of hexagon
appSi caf’]isgh% %cggﬁargge,ggqqg@@ré’amﬁ ngpdarnbhe 300l yatsrpaeed nosnecpssarile bronpasediof an be
tiled byingllkiysel, Butapid irsRid RMul@Tystdiget 00l (S) to cover substantially .all
of the su st[l,gt,e' S _surfaccs (e.rg%, triangles, parallel a%rntams, etc.). After
the rel ease [FagByengopcagringyds contighous seps EPEETNEBAtRYS- v alfernative 50058 opr i at e
precur sode df ytiple individGal Maf:afla blng afhyais EhoMntiMFId) € 1. FUb St rdpists b Bdkembi@s been
coat ed g{lﬁth tge ot he% reactant precursor. |If the tool has been al ready
been pr EREHEL] 27 HOFREROBIUL HrassssnesnParasfe implement ths resctiygspnthssisand be
apbi edsiglltarromdianifed iwethddiof Nin&e chm@iued fahgioho preheat the tool and
substrate to,an .nitially | enperature sqQ that K they may be brought
into contact Af"l"?‘%“("o'éfrfﬁi’stuﬁtﬁﬂ?wa@ieﬁ\K’;Psﬁ%‘él‘ldé'ba,’ﬁﬁf"l“ge"yﬂll’ﬁéﬁf‘l tﬁ%ﬂﬂ%}éf\ i sure is
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appl i ed_force and/qr i ncreasi.ng an a i.ed el ectrostatic field. The
pressur g“@ﬁ ﬁ%B‘éS“Eﬁ @14?'2? eps ngpggggrgsowaﬁ%f)@b f‘{rﬂ? pﬁ‘iﬂ“é?f’ttﬁaé ps grsB b e ol ¢ h
usi ng calals? llumtfe? within de haﬁsir%r mem.aaﬁeeahw@ml the Sool 1i20 id d’b‘éri?s?zﬁ depatifsd furcks g
meghani oft. 1t may be desir et ter tr erring the product
g of RO Bttt wdB il S e 1710, B Rl 197 e e pisa ot e
t ool t ohausiag bsT0arThe tingentdh bghech sftheeiiadritabod] N 1220ayMan2ihe3R06urY Qeadd §26028
PCT/ USO%QZ%Gusréslo- 1 order ttﬁ q,gt ghe rﬁ‘léeasg Iaégaé to snopoth out, -thereby
i npr ovi fg PERE ST PFARR IR 4 e TPap-devd, This sap g 3 pEniterRadyRRaRe Nt BN osi ti on of
a freshrepstioosir sor | ayer. If the tool lifetinme becones problematic using a
relatively s terial,like calciumfluaoride it .mght.Db referaple to
use an extrefrfle'&imhé)?"r 25 lfngpfaz}o?ﬁgepgxpﬁ%gggﬁll%éﬁ 'Sﬁﬁlii?q%rgc%“?‘ﬁfg‘éﬁé%w e of
wh20 her ofteftbersysogiefcontimmisasilican tubg i mmdtiplorctadguiic bilioaslaasmbligedroatesabl e t ool
mat er i cal ci uorid rontiu | uori de,.and/.or (Ca,Sr)F2 as the
rel eas Zé“Pg‘pyrg‘Fg fl?}ée, t‘JVLélt glggclhir?mﬁn Ei%fesgalﬁa eﬁl%ouﬁgft“ f?é‘ °Pf‘]5\‘?dq§‘r""i'lé\“§as°ﬁ§’3‘a’ szla}fshese
c onponestusoreancthgaBiietypd ofserd isamast imgful foe plocglingpeitheesntighoudlefep eeabler es of at

| east aﬁ@ét%ﬂ%'ﬁ{x%s?&%&fcﬁ{ e{eesql bl ). at | east approximately 600C, without
excessi ve degradation of thelr ‘nmechani cal, crystallographic, and el ectrical

properties. ke afe dftie sddvatobbyd salaimtflueridereleast layer siracthrbain alt®)sdan 0 ueie heat
regair - h:24.0iah- ]t final,layer. cari be.provi ded heat fl ow
t nepugrorh TR R bl o WPRlaruP Fis 00y rRBUBI R R o B omBR 1 ane
subst r adfehe silivios tqois; mitesthértiaving & wplaceedlahd tadls off the whéle dabshictahight feat woul d
not be st SN h high temperatures .for extended periods of
e (o B bl anSAREL of QMo e FTRRA Reafifel rOoni 6 GR8 Prtdet udqet
for t hallpy exwell sachas hermab ehpemsibnizpnsiderdtions. Pathgr, itanmyde ded dosicefieetivg to  gr eat er
t han ' ‘

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



or equal to approximately 50C/ second) of the tool after it20iMadkha@oght into
contact with the substrate, or by very brief contact (e.g., less than or

equal to yypately 2 seconds, preferably | ess than or

appr oxi rrav?(g%&é{déﬂseconds) bet ween the preheated tool an Csu%gs?)rz%étrsae) (i.e.,

I ong enough for the material |ayer e@3position formation to be

substantially conplete). Rapid heating may be achi eved by numerous nethods

i ncl udi crgatésst chaicall biond b@eben@dchbxunffhiohdmnﬂ@eaﬁpomadnhhsﬁc]@awd/eheat i ng may

be achi LR | as { waf er - whil e

si nul taﬁé‘%g‘fﬂb%th%tp&tgm} gon%na?'?lgﬁ{ugm ?103‘60% sh gﬁ“"%\?\}a eerSIq W& ally to

rapi dly heat Thdpa(ttchlasmarm@nmagbrmyusedzﬁmnm;ﬂera:nhng e mvémsionshveldteol desi gned

to make. S t ges of , t he fer)

Rapi d h eng%qehsg@e rfagald} eodgécx ge(g/délg enﬁ%%eﬁp%éurf%&on%fb%c O ?h%alﬁg (B] can gedcam cat ed

pi sbon putty uwmarmforcwnphcamh@mb@ed( Itgs ntefeutd thiteshet poesless Haamtcbllhlﬂabvmgmy be

achi eve I V. the

Teact ! onmpLempEB st b AR o i Qb ol Bapl@ith e obon B8 o

cont act an aiveriiagedmérenloy Glireoiongebanical iechnique.api d heati ng met hods can be

conbi ned. Re I S process
f{%&)ep%etp%'t bljt? makBactin ARBRAL ot of G Ph:l{ggﬁ%%ﬁdﬁ di!

need not necessari | eac it ool's may, for
exanpl eess¢nsialip H@e'&fe@twg@ﬁ long ag ikprovides tbﬁdcaylb%fuactioaﬂfl@ri%ﬂpﬂhfttme whpimeke | s

thep t r@ﬁ.fs@@le?tﬁ*eﬁnoﬁ%@seﬁéa%c hﬁmffﬂ:‘?urﬁi@%cé@ﬂﬁ@& uﬁ%ﬁ cg) bove Forl this

variation 30 of the apparatus design it sha e a
pl ur al |tegulemenﬁqdhwmmd aPPkHa%OI’eISqq*FéMb‘Pf fbﬁw@l}@bm\"dqﬁbmdr fbe d?f@@tﬂﬁmft chan

provi di fgrM AeiAsaR® prbghd ef on a round silicon wafer, to define the
contact area between the nmet a-t ool and substrate. |\/U|t| pl e step-and-repeat

transfer stepts natignler paarptagsed &y theprespreapplying appasaies shedd beisong.ed array of

react anferRéeaslE gid rklobEBIRICRATenRNEY, R aré}.m@apwmﬁgtab Sus Mézh@édhﬁ{éa}{ bbf t he
ganged-wafer tool is itself not” a close I 'ed array. 10

dep? ct smadeafany %Uﬁ%l&%%ﬁeaelewsteamge @agaﬁ@eﬁwbtcﬁepsmmmmww
hexagonghenametotiienih@20 (and hal f-wafers 1030). The platen 1010 can provide
paral l el electrical contacts to these 20 March 2006 WO 03/ 026028 .

PCT/ US02/ 2968oweven theparipularagparaysselestad op appiyineduessyr frfthe subaratespandleronn i n
FI'G  10t0u) ischoBRadakifl t6 haive A0 SorfgQE MRFdvidds the flestrit¥B Il NomyAl, tﬁ@scg :

chemi cal  product film aover substantlally a_substrate's entire Surface,
even i fWhe pakep Besitheinventien will sglegjdhe bsshcemmgrciady pyalgde maters baged “E@ﬁh‘tt ed -

mep@- t %bn&ﬂbd o cadt 881 NBIDARP MRAFECRE apphcitivn Feqtir@Rend U tHeSRERroRBOLRARN. The
|nd|V|d# fers need not necessarily be hexagonal, but could also be,

for exd fithe orerall manudctyridg Progess ar . The t ool wafers need not

necessarily "he HRITBRTRModineits shvlw}téhs OF é/ﬁﬁlal and Botiveyo Wi Ble kiRRhRaE@r be
mul ti Crﬁ/gttoal i gjg The i nv ntion can include conti nuous substrate processing.

appar at figcionqforp wag prisure, Rub the strptire op PRPINPRRATGISHIG SN Reppgplher n g
pl anar it casabRbPPeHdriing kife fudelion 6 dpplythd pM&m§1u&n§ WY HB ot ExanfdleaV NG Of

an Xenp | ar cont i nuous processi ng appar atus to | rrp enent the reactive
syft he Yéraa GSYSIEE ) FATCRS SBUY CYTSIoRRiGT¥EIkB WA nul tinary conpound

formation. AreeRiréksab Seld df@btclite invbidbn(CHERY caRR8 SSoyUREE hnyval@aat | Ng
cylindric tool, 1120, A radiant heater 1130 is |ocated within the tool

1120. ﬁiaaer teghpigye. o1t is nreferredthat thervolines pprlicatips technigue by contzallabie YT A

housi ngmllaeaage di‘v%ﬂige@&lo@ffprd&ﬁﬂﬁ withnR sEetHiaedonklh Adwasver, I pRiiaga sor that is
carried .th éool i s also |ocated aﬁﬁt hi.n the h?u3| n f40 Upstream from

" the t odfeiigypused toppply theoltage i3mal gesentiallq thejpyeption as long as e"emes the
30 described electrostatic field. The apparatus used to apply the voltage can be made of any electrically

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

plasma discharge, particle deposition, physical vapor deposition and/or chemical vaper deposition.



15 1160 for the precursor that is carried by the substrat e20ia@h Z20be
sources 1160 are located within a housing 1170. The tangental approach of
the cyli nobwedsoisool 1120 may cause the pressure exerted mrrudoagedeyecur sors
to ranmp-up and then ranp-down. This can be a significant advantage in
transport reactions. FIG 11 shows a ﬂyl indrical tool geonetry. For C'S
synthesis this type of tool could be made 20 of either a single continuous

si | i conHowpeer.te ReFticar progaseused tordsprsis thetemaplatesdppot sssansial tedhainvedtionrodong

suppor t g xwila@sat%ﬁlbte%&sﬁg%@eﬂﬂbﬁrﬁu&h@cﬁhﬁ&en ground to create a _
cylindri car surface when the slabs, abut one anather. This tgpe of tool is

nmost usef ul FB‘T’HS‘F%@&E@F‘H@“%N%?W&%WF%%&%%‘V“‘P@HYFIF‘@G31510 € sheet or a

conti nuﬁiéﬁpeﬁﬁfrdﬁﬁr odibiBle! Bli€prefdRed tha iR Surficknt ﬂ?r‘mﬁ?%@ pRividedBy Shltdrmgn t 0ol
and cal or| e rel ease Xer structure, an a can be used 25 to

bond se ’8%4 lasngy disghargg, partigledepatificn. physigal r‘féﬂ"éﬂeﬁfﬁ*ﬂ?ﬁ anglfey ehegisgl ¥PPPRer i t

p: fac e hwdqxasmap I mawaflﬂm gﬁn&m pﬁicéss ﬁﬁaﬂ far@ﬁivﬁimgtaé ﬁ@fl’acthhadhohéydnﬂm tb el epl ace
a t he

t- be. requi he drumi s
B e o YBHoR 2E[on RO PO s o HE A vine el el bRt band ng
al | oy as wel irhe vsioRcantale Liilde detxpﬁiaesmﬁ@mem&fsltﬂae tradsfMSignkisfrbiele. 1t may be
nore cost-effec make t he, drum out , of St;ﬁ’?‘%ﬁ’f@ siljicon rather than

a whol ep%?WToﬁa‘é‘flor@Fo‘}é'Ftll? YERAC cosgyel pracegsyaniabigs) Ror e pvEReRCEr Yeayer stay

onlthe b@ﬁﬂmedhath 1hduamemﬁmms¢ bbtsin sthtayaiableSnfbxm&lﬂsxi fratRbte imdréonhdttedidabRfs e
| ayer cFévaent Lon. can m@ ude .an optiqnal adhesi.on |ayer

bet ween a’f‘?ﬁ""é“' f?e’glafmqﬁaf HRYeRtipnCan mcluds, the 15 of pressufe, volfags, syragtandlory  of

the t ootenmadmperseﬁsarsab kontiobpredsis exetinty and/or Hehlﬁlgteqmbmafﬂ'ﬂﬁls Seacsairt aerted\iet her
such an, sign |la i s needed. e on t sed for
the rel eas }e%tl‘ap% ?'gtf’e "faﬂ%f%ng Ko ‘?’H}?m? ﬁ%} ¢ °f‘ °f‘h§‘at53?ﬂ?§ fsaf“H%rY)E' ool ,
for ex amhmn amd!mcbolmrequlﬁaﬁermnﬂy tnhﬂovlééchmé eoﬂtta;leﬁ for ex arrpl e is calcium

fl r|de e ntr S i.n between
i The TheIRBTIAS, ARTE § bRl B IRR ot ind RS, T o
t hat 20stivgtucds. ’H@Gfmmt@fg[ ﬁZﬁ@ﬂ@reRCiE/sh@Mﬂ@&l@ﬁneﬁ&o ochde thin ﬁme heink cal bond
bet Weenﬁfn@%.ﬁg ﬂ)llc(fcle}] @u& (?m osﬁon as Pls[eccl) Eérem 18 genfenca:l#g g gﬁm\g’e ({ i onal

However teri a | na enef
adhesi omotgaxyleand a’mlqmbatamulsawh ammulﬂcadmnted ﬂQgchpmmalasa:ttusplddtfctsrandl/aq)l enmenting

he i : . H
br essur PUsPas R xEeE, ThOEHP LR TN et Cdte e matBl P T MeY g any

f oR8e aglphint selénum m;?tdwdm [mludserpugfmgwdo pdeapltatd'mseparmeeeimata@a:{eomygai | abl e
over a %ngﬁ uér nQJ]erEJeeﬁy{egg toofrgf&sctpﬁ éu? (E) lf“ e astaghl%stratgipgﬁlggd ttglr %e qﬁggtﬁal n.

For the an adVant age
mechani mmmlhldctﬁm (’ﬂ]etem\m,ras usekl dierpimy dré defined asme of more thran nge. fhoeass used

0" PPt DL R S8R e Rl o SEBRFTR The kR Bk E IO B 1019 20

it provi e descri fCL I onal ose
t he i nvdaiingdas twp bt mens|thao twa. Tbe Wamhdudingand@r bavmmemstrblmh alpmlnf ﬂﬁd(ah ing and

: fii |
or 280 A0 U RE S oD s S ) ST Ul i ™
parti cmczinw&ﬁﬁpﬁlwdtrgslymmfr@pessm@ pecbydaatly prﬂnwap;gozampalyaaswseddhmﬂ ik be
strong, deﬁﬁgc;ae' g@@@kﬁﬂ@g gﬁsﬁ Qa% b€ prefePBY SRIG 0¥ of, DR REESHY Wan@R% Vi NI

apparatus e I nventl
~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



15 made of a[&:é hﬁﬁ% resistant material. It is ?prefe'rred t halt Marah 296er i al
be tough, Nht and anenable to cl eani ng. However, the

‘particul ar Fﬁ'&é}%&“@ sel ected for applying pressure to the substrate(s)
and/or tool(s) is not essential to the invention, as long as it provides

t he described function. Normally, those -2 nmake or use the invention will
sel ect the best commercially available material based upon the 20 econom cs
of cost -anBedgvsheedilibrary/dynanie lead fibratyouidappthérceduienst of asficti@s@adignedfort he

final pr Odb*&uﬁ(ﬁ%qatc%pumﬁgs of the overall manufacturing process. The

di scl osed enbodi rents show platens or a roller and conveyor as the
structure for performng the function of applying pressure, but the
'structure for applying pressurpﬁcﬁ&qlAg icB0hs OF A€ fnvestiohUct ur e capabl e of
perforping the function of app %I ng -pressure, 1ncluding, by way of exanple
“a 25 hydraul i c 4ysctsal applicetiop affde inyentian that has velne within $esdchdlagicabarsiinge f | ui d.
The . el ect r@gduglchite bf pRbvABRAR iR sudt S o ' o CiSaLri ad utgp usi ng
‘any -vol tage . appl i (_:aétﬂi o?;‘ teqhnfqlflé_. ngtaﬁ%&sf)%gfrﬁgggfr & O?Wes?eﬁ{eﬁ\?ﬁq%?ﬁ é’¥&‘°r’

appl i cat i ofic ¥eiondfpseisbineonivction with e Sburatign ofsethicondietyes (@fchuoirt agdsor thost -
pref er abl YouoksdbfraAsiStBey, lor fo' S : articular. technj gue
used to a%l y the voll tajder%lggﬁ%rgﬂessentthlk%m%(%’ofl gpu%r\g%ﬁﬁt%t%@?sgﬁ Tt
gener at es HyjBIEGe gegrsts BdgtectersleentholiteaTliere dré wirdallylihamspbinatsifor the Rerition,

appl y1¢ he anqlfmgng@rhopgem«gd&} any electrically conductive material. It
I's preferred that the electrica 7y‘conducti ve material be heat resistant,

corrosion resistant and anenable to cl eaning. However, the particular

apparatus used to apply the vol ' ' tial to the invention as
4Py hefifiabs de ARG _

g as it is capable of generating the require ield. The particular
deposi tion pr o&®sting s didmismthesis eopfeséntigg athemtiodimpinhofisbe imbantiong clebel cosheflentive ve
o 35 T g RS for 5t 1 . rocess far applyj he
1! ate be sput téeyﬁ&sng %téfa?to%‘gfl%g%r%gga&hé F]S'c gpénégrowggﬁ}eicgﬁtgolég%g@ tion,
. physiléal = peoperties dpoiniverition imprdyes quatityoanid caducesapsis codgprs itd previcus 2fprdhesh 2006

WO 03/ 026028 PGI{ S§idh& L. Lheparticular process used to
“ deposit the tenpl at egé l%gégﬁoﬁ%g%%\aéﬁﬁﬁ ({;‘hdéé%ﬁ)ﬁ%/de}he 570 ggrqag%adld “—5@ It
provi des Fitheutphdueexpryiseentatomig lightef the slisclobme The invention & riot liwised bittheoretical

“particula bRk ' fgcgant s. an inmpurity shoul d
al so be %%%ﬁ‘g%ﬁé%{;e an '%@é@é@%ﬁoﬁ#g@d%f?s pFé’Fter?lé'Wﬁ’g%W%%r%?& ant
i mpurity bweperoy diddosetlyprantioe ofdhe imepnticn if pbtilinvited theyetp lAzsordingly, Stwiirtge, '

part hgl e 14 ' i tion.and/ er .chem.c vapor

flepo2Dt | ofIRABl Y tnosp BUBLf nc ARRAL o SHERI B0 8 Bocfled SOGTAFE hpmi

sur f act anspetificalytdesssibehhdreih. to the invention as long as it provides a

surfactant contgi N ' t he descri ped. functionalities. .. The
-~ invention can a s%hlgﬁ %‘%@B{%H&rﬁ%%gg i %@ﬁgﬁgloieﬁéypﬁ 31?1°§’f'§f“r?fl§'i fal s
from t he discbased emfigamtidnsy bup caniil tetprdvided irs vitteailyany glabespimtoe seambined ifbirasily For
EXpnpl e, ' nt | an.be .10 conbined with insiru ation,tqQ obtain
siai e -var"%;rl %?%@C‘%f‘@rl'%“ftﬁ%rhm? Bl EP?WQPSCéi{J}}?éE“[ éé"cgg’g ngwttge d‘ﬁ%?sﬁ‘gar e
elgEnEnt s. mdEeniald, hettconldde fattibded fronevittudly aog miiable imatkeialshirthachaifiolggoas sur e,

vol t age, ndsor . fenperature sensors.to con pressure exerting
~and/ or he %%gl%tagl}aﬁr&%ce ﬁlfksabf%g?r%{eﬁg S&”@?ﬁﬁ?cé’b%ﬁﬁ%g h@l@yﬁéﬁl“a“’
- applied dathelstepy arin diek sequegce, of stepstdomposiigyméthyds descibédterin. on of a state
.varl S m]El-‘u%fi:Lﬁ/ although the compositional layer described herein can be a separate module, it will

be manifest that the cdmpositional layer may be integrated'intq 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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vacuum and/ or cool i ng equi prent nmay be provided and contr @0lMatch 2806The t er m
| ayer, as used herein, is generically defined to include filns, coatings
and t hi ckeo o3/¢dstasct ures. The term coating, as used herei pern$so2/29684
subgenerically defined to include thin films, thick filns and thicker
structures. The term conposition, as “#8ed herein, is generically defined to
i nclude inorganic and organi c substances such as, but not limted to,

cheni calonceptes Aefinedbyilieianpendsd alaiss ang fhois peuiralants sever athsysh sebsémtionsThe t er m -
Se|enld%mdﬁ§mﬂ§§qdmﬁ&ghﬂy&§eﬁﬁﬁééﬁa*saS a material that includes the 20

el enent sel eni um and does not include enough oxygen to precipitate a
separat e sel dhaerpendied eleimsayegionto bednferprstef peinelpding meapsplmfpstionifpaitatiensm t ool |

as used yfRERhLh a liditH6d is eelicRS ramé&mtgma elainnﬁ hia@,é(s)r SredSorQha/oil tipl e
use The terns a or an, as used ereln are i ned as ‘'one or nore than

ones Thésterfor Sehgeterie pmbogdimensad thedpveption are; eaeqareﬁéu theappgndeddpdapendentecond or

nor e.  ThRishhBRird@bdidnks, Speeifid SRBodMRER T thd ifivenQ&f drd Giterdstidida®y e NOr e t han
two. The terns |nclud|ng and/ or having, as used herein, are defined as 25

conpr i sPPR§ned dspendent laims apd theigequivalents- t er m coupl ed, as used herein, is
defined as connected, although not necessarily directly, and not
necessarily nechanically. The term approxi mately, as used herein, is
defined as at least close to a given value (e.g., preferably within 10% of,
nore preferably within 1%  of, and nost preferably within 0.1%of). The
termsubstantially, as used herein, is defined as at |east approaching a
given state (e.g., preferably within 10% of, nore preferably within 1% of,
and nost 30 preferably within 0.1% of). The term depl oyi ng, as used herein,
is defined as designing, building, shipping, installing and/or operating.
The term nmeans, as used herein, is defined as hardware, firmare and/or
software for achieving a result. The term program or -phrase conputer
program as used herein, is defined as a sequence of instructions designed
. for execution on a conmputer system A program or corputer program may

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

obj ect inplenentation, an executable application, an applet, a sei vlet, a
source code, an object ATTORNEY DOCKET NO. BELE1120-WO - 25 20 March 2006
code, a shared library/dynamc |load |ibrary and/or other sequence of
instructions designed for execution on a conputer system Practical
Applications of the Invention 5 A practi cal application of the invention
that has value within the technological arts is the mnufacture of

phot ovol t ai ¢ devi ces such as absorber filns or el ectrolum nescent
phosphors. Further, the invention is useful in conjunction with the
fabrication of senicondUctors (such as are used for the purpose of
transistors), or in conjunction with the fabrication of superconductors
(such as are used for the purpose nmagnets or detectors), or the |iKe.
There are virtually innunerabl e uses for the invention, 10 all of which
need not be detailed here. Advantages of the Invention Coating or film
synthesi s representi'ng an enbodi nent of 'the. invention, can be cost
effective and advantageous for at |east the follow ng reasons. The
invention inproves the control of defect 15 properties. The invention

i nproves quality and reduces costs conpared to previous approaches.




Al'l the disclosed enbodi nents of the invention discliosed hes March@sbe nade
and used w thout undue experinentation in light of the disclosure. The

i nventi oRyd 93/mbdh2sl | M ted by theoretical statenents recitge /{T&ﬁh dda
Al t hough the best node of carrying out the invention contenplated by the

inventor is disclosed, practice of th@7irnvention is not limted thereto.
Accordingly, it wll be 20 appreciated by those skilled in the art that the
inventian may be practiced otherwise than as specifically described
herein. The individual conponents KEE?QEHQ gbe fornmed in the disclosed
shapes, or combined in the disclosed configurations, but could be provided
in V|rtuaIIy any shapes, and/or conbined in virtually any configuration.

Furt her 1- t he i ndi VildKarmesgonFoRdibit, sd<aK ierenm ApabPhsakasid29, 26hE1HD.

di scl osqd 25 . ped Qncedisen, @gtpa&gm(gi 4h8> aﬁt(rlggggt ed fromvirtually any
swtabl e materi aI s. Further’, honol ogous replacenments may be substituted for

t heSsub3t ances deRet-iMbiekelser prd W.S. ﬁb%ﬂesrl’at%N"a]ﬁ%ﬁﬁ gfBe made in the

steps- og, i n.the seouameRIRh, @gqg&ng@‘;mg%mmsbods descrl bed herein.
Further, although_the conpositional |ayer described herein can be a

-~ separ at & modul e, BrWuSghpek, Aeplnsisf Seis2. 96 99e composi tional | ayer may be

i ntegraged into tReadeinels, B BLAE, K XaHaRRMh INHWAEC A, S¥artzR@ddrSF. RASRR, at ed

(e.g., a photovol tajc device includi t he conp05|t|onal | ayer as an
absor ber bet ween é?d%l%‘%r%&%" Bhd H1 gﬂ?ﬂer | ayer). Furthernore, all the

~di 3¢l osgd el errent R NGyd, ¥, UbRfakbn, Sa0Hedding Lomden SNy, BRI FépiBodhSin -
conbi ned. vmth TE gstl t ut ed f(ﬁ %é di s | osed el ements_and features of
di sciths of ths GEEES

“every other enfeserss &ie @V%IWPQ?‘%‘%Q&% Nk eat ur es
~are nutual ly excl (Iﬁétih&e oﬂmedmdalanbemmlé &%n&ﬁﬁlou@ﬂkm ®gbssiet utions,

nodi ficgtions, /.0 ear r1t he feat ures_ of the
i nventi én may be ﬁg'gt mdﬁ’&ﬁgg%?h %‘ﬁ%‘?ﬂlz']g?e Mobe of the
'uEderI él nlg i nvent cmer,c@a(gemu, BémicondlSe MRehdol 3§ 1255!@199#) rit ?nd/or scope of
t he .underlying inyeptiv NDED SHE]| ) ch 20006 WO 03/ 02
PCIPUSOD! 20684 -zﬁ-ﬁﬁhﬁg%%%ﬁ%gﬁ@wag%% JFlEmg E‘gﬁﬂ‘thel r
“equi val ents cover: mtdnals Reétaﬁ;u B6didty BrhsvRinm Prowdedingsal 6,338 Fraaslshol CQNS9I&Nnd/ or
rearrangenents. a not to be interpreted as including
means- pl us- funct| atf"‘l%lt?ﬁeﬁ ﬂf%}hJe?mnEm L@s such a linmtation is explicitly
reci tedmn a gi vew. Kh@ir,/B. BabddGnd BS. PRagSelsCellsepsq188m." and/or 5 "step
for. generlc t he, i 0 by the :
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. - 28 CLAGdSIsting o phddd llleS andOsmRbdyel.Ng:  a first hol der;

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.



a second hol der coupled to the first holder; and a |inkage2¢Maptte2D060 t he
first holder and the second holder to nove the first holder relative to

t he second hol der, the linkage including a pressure generator;
characterized in that a reusable tool is coupled to the first holder, the
reusabl e tool including a raised patterned surface; a release |ayer is
coupled to the raised patterned surface of the reusable tool; and the
pressure generator is adapted to gener@ a pressure between the rel ease

| ayer and the second holder. 2. The apparatus of claim1l, wherein the first
hol der is selected fromthe group consisting of a platen, a roller and a
conveyor. 3. The apparatus of claim?2, wherein the first holder is adapted

to hoid d a @l ure‘ilhcw;mtusdfeimh Blﬁ&mdhﬁeﬁwéaﬁphcghﬁe!@dﬁﬁkﬁl Ig&h@tf%tmmagmh eof the
precedi ng ¢ t he. secon is. selecte rom the group
consi sti nggjg)lf“h?eﬁfxﬁm@gﬁ Y PEFIE R CumpRt B‘Bﬁ%'ﬁ(?é‘%‘h regsabefpoldpteralliet us of any of
the preceding clainms, wherein the pressure generator can exert a pressure
of fr aRPr oxi teI 0_appr X|m:1t ly 10.0 atm between the

rel eag'{en I ;&Ser é’ga‘fﬁngﬁh&@r‘fﬂg caigy an qgtrically biaspdJreated o -
pr ecedi ngpmmm,caﬁhebrbeghtﬁwmmeﬂmmﬂ&ahcﬂderpoum ed to the first holder.

7. The apparatus of claim6, wherein the heater can establish a tenperature
within a precursor |ayer that can be coupled to the second hol der, between

the rel eame | ap@sa pmdm& Rl GCWhdteil MedRbter r&&ame@nﬁa@me%t%mmﬁgq Cto
approximately 635 C 8. The apparatus of claim6, where

: 2006
t he heat PAHBpITRErgYe ‘51“2? 'Q@&W“B‘ﬂ’é&‘“‘ﬂl& theirersiile oab e an elsefricaiepitect
si mul t anabatsd gouplad & theredsablééc@nt pul se through the reusable tool laterally.

5 9.. . The apparatus of claim6, wherein the heater includes an
el ectrl call I y g‘;"FSEd ted pistaon that can be brou(gje |nto contact with
the first hol apliaéam élagbﬁa‘f’%"tfﬂ%ﬂ@fﬁf%lhaﬁdﬁﬁ%c“%é hsater i

radi at i vébqatcldexaﬂ;mmhﬁ,ua rst holder to a reaction tenperat ure while
. sinul taneously biasing the reusable tool via an electrical contact that is
coupled to the reusable tool. 11. The appar at us of claim®6, wherein the

firs{c holder cludes a.r r. and t he, heater | ocated wthin the
rol | iesr fg IFH @@Hﬁ&?ﬁ%éfb& ?gaf"BPlPF@PPlE‘BF?&P 5shielderc ool er
coupled to the first holder.. 13- The apparatus of any of the preceding

cl ai s, V\/ner ein the rel ease | ayer - includes at 1east one fluoride selected
fromthe brouahémpﬁ@m&@ﬁ@eangc&lﬁzwhaanﬂh«ére@aelagapamamof any -of

ol der eéﬁﬁﬂ‘?ﬁeeﬁ‘éﬁ*ggﬁﬁeﬁ?%r%@f{h?smﬁ%Sisﬁﬁg%ﬁ(@% FHSEER o f1el d across the
first holder and the second hol der.
20 14.  The apparatus of any of the preceding clauns further comprising a circuit coupled to
_ the first holder and the second holder to apply an electrostatic field across the first holder and
R thesecondho!det

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



©15:. The apparatus of claim 14, wherein the circuit can 2{pldhsch 2806
electrostatic field strength 25. of from approxi mately 0.03 volts/m cron:
to approxinmately 3.5 volts/mcron. 16.:: The apparatus of claim 15, wherein
the .el ectrostatic field strengthcan-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 precursor™ deposition subassenbly
coupl ed-to the flrst hol der, -the prgcursor deposition subassenbly adapted
to couple a precursor layer to theTirst holder, wherein the precursor
deposition subassenbly is adapted to perforn1at | east one deposition 20

Mar ch Jor gt t| of sputterin
fol | oned §/“§91’ﬂél°gna (58 g%ﬁ&é%ﬁs?ﬁné ?%“&gﬁ'gp Eé{’??dgbybﬂs ysi clé;fr VaBor °
deposmwllemlmnhl@aﬂWmmdpmcdya:orﬁmsmopar atus of any one of

the preceding clains, further conprising a-precursor dep05|t|on
subassenbl y coupled to the second hol der, the precursor deposition

subasd8&nbl yThe apiamnscbfhmy aewpite precpliBCtl#ins) rm:lﬂaey eém;sxﬁxﬂgmqyrs@ﬁseﬂd hol der,
wherein th ecur S|t|on enb |s ada to rform at
| east Jgheat egggﬁﬁmgﬁcgg@%ﬁ &ﬁﬁa§393@? &? ‘ﬁ&qﬁFB q@&ﬁgg ting of
sput t edapteg th gd»qplwaanleduysoplammmthd sevohdlidder, witdit Gk prddﬁﬁﬁ&lepdsﬁmn physi cal
vapor subqgs%&ﬁytié Qﬂp%crl] go p%r orm atqeast SHRY: o%ﬁi%g %elcfulng& selected from the group

' consisting of sputtering followed by plasma discharge, particie deposition, phys1cal vapor

deposmon and chemlcal vapor deposition.





