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X (57) Abstract: Systems and methods are described for compositions, apparatus and/or electronic devices. A composition, includes
a composition layer 160, 660, 730 defining a first surface and a second surface, the composition layer 160, 660, 730 including a
collection layer 170, 685 that is located closer to the first surface than to the second surface. An apparatus, includes a semiconductor :
absorber layer 730 defining a first surface and a second surface; and an electrode layer 645, 720 coupled to the first surface of the .
. semiconductor absorber layer 160, 660, 730, wherein the semiconductor absorber layer 160, 660, 730 includes a collection layer :
170, 685 that is located closer to the first surface than fo the second surface. A electronic device includes a serniconductor structure
160, 660, 730 for absorbing, the semiconductor structure for absorbing 160, 660, 730 defining a first surface and a second surface;
and an electrode structure 645, 720 for conducting coupled to the second surface of the semiconductor stracture 730, where the
B semiconductor structure 160, 660, 730 includes a collection layer 170, 695 that is located closer to the first surface than to the second
surface.



seni conduct or absorber |ayer 160, 660, 730, wherein the!EePEY A8 or
absor ber |ayer 160, 660, 730 |ncludes a coIIectlon Iayer 170 685 that is

| ocat ed closer to the fl@b‘ ﬂi,
el ectr i

absor bing, the sem conductor structure for absorbing 160, 660, 730 defining
a first smybacaandrar,srCcol ot aRasQ, dvoddker@boChd DBQubBiakas Mo BATuid-120
for condusW. MLGMR,OBHNeTD,TG). t he second Sum#kcalies afCofehed S@mtigiontiuet-og a8k begiet ur e
730, m@g Jhe seniconductor structurenr&@eacesia PO/ fatl Geres a col | ection
| ayer E&mﬁﬂﬁa%mg&”hﬁméﬁ ALgH o) BBat 0 the first surface than to the
second  SPfrR68 of that repol February 2006 WO 03/ 026024 PCT/ US02/ 29607 -1
DESCRI PTI ON  PHOTOVOLTAI C DEVI CES AND COVPCOSI TI ONS FOR USE THEREI N
BACKGROUND OF THE I NVENTION 1. Field of the Invention 5 The invention

rel ates generally to the field of materials. Mre particularly, the
invention relates to a conposition, apparatus and/ or photovol taic device
that includes a collection layer. The <collection |ayer can include

undesi rabl e materials such as excess precursor(s), secondary phase
precipitates, inmpurities, residue and/or debris and its function can be to
sequester these undesirable nmaterials in a safe |ocation away from
sensitive device |ocations such as sem conductor junction 10 regi ons. The
invention thus relates to conpositions, apparatus and/or devices that can
be characterized by the presence of a collection layer. 2. Di scussion of
the Related Art A plethora of methods have been used for the synthesis of
films (coatings) conposed of naterials fromthe CI'S (copper

i ndi unsel enide) material systemand related all oys, but each of the 15
previ ous nethods has characteristics that Iimt their applicability to the
econom cal manufacture of filns with properties suitable for application to
opt oel ectroni c devi ces, such as photovoltaic (PV) devices. PV devices
require an optical absorber that also provides sufficiently long mnority
carrier lifetimes to enable the collection of themnority carriers by the
el ectrodes in the device's structure wthout excessive reconbination. In
all sem conductor materials mnority carrier lifetimes are 20 dependent on
the defect structure of those materials. The control of defect structure is
critical to the successful manufacture of PV devices. Simlarly the defect
structure of high-tenperature superconductors, electrolum nescent
phosphors, and other (opto-)electronic materials control the physical
properties that determne their; efficacy for their respective intended
uses.




Thin filmoptical absorbers are nmore econonical than t#l ERPMAYRBsor ber s

or coatiﬂgﬁﬁﬁém?ﬁcause they require a smaller anount of ?E?ﬂﬁﬁﬁ%ﬁﬁﬁor
S than '

mat eri al ick films or coatings. The formation o hirn 1T ms with
desirabl e defect properties is predompately determ ned by the nmethod by
which they are synthesized. Early efforts to fabricate thin filmdCdS PV

devices that relied on the steadxgggi#gpfﬁfdeposition of the constituent

el enents copper, indium and sele ot very successful. The first
efficient thin filmdC' S PV devices were achi eved by a two-step process that
30 relied on the SEQISGVOIFAIGEFOICES ANILEOMROSITAONE FORIIE BHERBBY r at e at
hi gh tenperature, each with different conposition. These |ayers reacted

and intermxed to yield a gg '@gbtmuyﬁrgg@ayyg gtion throughout their

conbi ned thickness, and resulted in fi esirabl e def ect
structures2-4. Variations of this nethod have been denonstrated, based on
di fferent tedper aFifldaf thenymles of | ayers, and conpositions thereof.5,6.

Q her fundamgpi ﬁM;ﬂﬁoﬂ%Jleft&@%ﬁﬁra]@@@fh@ﬁ@ﬂ&%%nﬁ@ﬁﬂs.MQPQWIP%Qm%ntEﬁbr uary
2006 -2- that rely on, for exagple; (1; heati ng stacked [ayers of the
q

net al s felates. o 2 erpinsition,; apparefin and/qEpPhofpyPitdie davics tht welidasa gellechen laymavidepeen
sequent pebifond@RP Sirl iftudR bindR¥blSFREHA SUbIPas Excess frédursol) #Bdndary$Bsdei On Of

metallic | ayer precursors in _hydrogen selenidelo' | | or selenide vapor 12,

el o
(3) t heRisgipitatese HEFiEFS: Bidepandler ¢rhr prd ifsdimetion eon b Lgreauestst these updesieble at hi gh
t enper alidteRals i safe¥Bchtibtdwdy B Bhsithd dbvice 1066k D6h AfsericORfitol jEkbtidg) and

(I'n,.Se) precursor |ayers An econom cal process for_ the manufacture of thin
fi lfs ofesionesEhedByenEonhusTelates OCOTBIHIoRE FPRAEa i IR/ PHisVipeiBrhsifds needs t o

bot h ef fiaedcRitddbyUBEpre@ntdBrb e6lieation 1dRe be rapid (for low cost), but nust
be flexible to enabl'e control of the defect structures required for high

per f ori nance2- Non®isspssiopef heRe3ad Artn the prior art provide an opti mal

conbi nati on @af,1¢thes 6f métRak UiR DeenREEIPHE kfhthekib 6f FIH Woh@IER  Yompodeaf f | ci ent
raw material_ utilization, rapid fabricatigon, and flexibilit

f
opt i i 2 HEiCBAS SPmls GS(CopPE R salenids) BRicd SYReTABPERRATIOYRER BERA e |

net;s  VRbichSmPBEHeHs dhrattesibiihhiORit gt applicislipReRUS RGeS FRMebt  Of
t hese requirenments. SUMMARY OF THE | NVENTI ON There is a need_ for_ the

f ol | owi AlNSHHbRIPRASYRS Suitable fergpplication;tn aptpelcadiopic Gevises, sHehas phofpyoligic ®Y) t hese
enbodi MB&ices. PACERIEE 13GuiteQm Bptidal sbkorB&RIRE hlsPprotil shiiéRMy 18Ry mihBefyRalriSr

provi ded an apparatus, _conprising a sem conductor absorbher |ayer defining

a fir st lifstipeysnahieithe calisptinn of typrinridy cagirgs bydhe dediedssdytbe deysrs fyepiced t o

the firgim&H Ei@%eQ&om&aﬁﬁ%%ﬂ@%ﬁbﬂhg@béﬁéﬂw nﬂnaat?rcame:qﬁa&ﬁta&ri zed in
that the sem conductor absorber |ayer includes_ a collection |ayer that is

| 08t eddeerdsat on e defest ptryclie of Hhopnmaterigls nlhe soptipkokdebeshirueieriniical /g B6r di ng
to an egREskAPRin@cnid\6f FVURRES. Sifhilady tHeldbrRst shituré OREH SRpeBRI L1 Ng a '

superconductors, electroluminescent phosphors, and other (apto-)electronic materials control the
physical properties that determine ﬂleilt;__efﬁcacy for their respective intended uses.
| Thin film optical absorbers are':more economical than thick film absorbers or coatings
25  because they require a smaller amount of the precursor materials than thick films or coatings. The
| formation of thin films with desirable defect properties is predominately determined by the method by

which they are synthesized. Early efforts to fabricate thin film CIS PV devices that relied on the
steady-state co-deposition of the constituent elements copper, indium, and selenide were not very
successful’, The first efficient thin film CIS PV devices were achieved by a two-step process that

30  relied on the sequential deposition of two layers onto a substrate at high temperature, each with

- different composition. These layers reacted and intermixed to yield a nominally uniform composition

throughout their combined thickness, and resulted in films with desirable defect structures*.
Variations of this method have been demonstrated, based on different temperatures, numbers of

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




pressure between a first precursor |ayer that is coupl éHFebruaryaiost
substrate and a second . precursor layer that is coupled to a second
substrate; formng a conposition layer, and noving the first substrate
relative to the second substrate, wherein the conposition |ayer remains
coupled to the second substrate. According to another enbodi nent of the
invention, a nethod may conpri se: a‘BpI ying an electrostatic field across a

first pregaufesPbn, liyRimpiBat) hesu dg: Qudb® thyd® oﬁthfe Infedis @UR Scroﬁﬁ qmﬁmﬂ aad second

precursor |ayer that is coup to a second substrate;
conposi t BYHvRLApd pel elaﬁlfdh%@/‘ferbgel% f‘r?é“eFlP?IB/tdeEfth%‘{f}*éﬁ"‘étemé?ra‘llf“-’\? e @bthﬁlﬁsl second

subst r at geactiopt®hRtalictidRr FRERQH ilRBrob@YRleniiE ML Sl RbEH 1 @) thigasecond
substrate. Accarding to another enbodinent of the invention, a nethod may

conpri sereaptisRAforige Barieiale preeirior PHKHre daverseh bigh dmeperagiress, andr (@} themak ur s or

Iayer thegacﬁosm@gﬂmy@gug@)aﬁdmlg@tpr&u}:ggltlgﬁ}seﬂand a second precursor |ayer th
at is coupled to a _second substrate; g’éla corrp05| tion Iayer and

nmovi ng the f{p<eoromi proess fop thy P@%ﬂf%‘mﬁﬁ% thster sots of B ei n t he

conposi t k@ihibA¥EE mddtinaSopbind? B8Gs todstd SNBERS Lﬁ@inbw Bftedidls idddesiONd
substrate Accordi ng to, apnother enbodi ment. of the invention, a method may

conpri sefoplopsos byt must b Hexbie iorenable sopirplafithe defectgtmupties mauredfer highe of a

first ppatdinse NaYer tiehadthdds i Hépriefart BroRidt iah Shtirsal ReMbAki@nWTehede SECON
precursor. | ayer that is coupled to a second substrate; formng a

conposi t {8 ¥ayer: and nmoving the first substrate relative to the second

substrate, wheeRiofort,NRe fQRRSnts! TR faw MERHA SutiliSAh Sepl GalirR@icre cond
substrate., _According.to another enbodi ment of the invention,_ an apparatus

may conpfids@exibility for optimigation of defect properties Hisebic abesdrrng fesnHllt Metst  hol der :

a |i nkageviaoil Réeel i @ séiionlthdt Stnulisled@ily Aasdehfll ofiREORYuiRM @I t 0 nove the
first holder relative to the second holder; a reusable tool coupled to the

first holder, the reusable tool including a raised patterned surface; and a

rel ease Iayer coupl ed t o gihemaRySed TN ERggOigur f ace of the 21 February
2006 -3- reusable tool. Accarding to another enbodi nent of the invention,
conposi ti on HREP is @gapt fosthe f‘é“’(‘f"b‘f&ﬁ%ﬁ"@%ﬁtsi G rsgehs m"ﬁﬁl"&‘sﬂi"t‘g{m%rface and
a secondioshésk aBodithéies. conposition layer including a collection |ayer that
is located closer to the first surface than to the second surface. These,
and ot her, enD&WHETS Pofirst RePseh ks diveniian three doprevided gy apnazisd and

under st oaﬂnpmﬁ@ aGaRRbIEREBTabsStb&r ek B iR Mkilsirfide@nd @lécoMd ABLELSRd | Pti on
“and the acconpan drawi ngs. |t should be understood, however, that the

fol | owi ngft &éﬁgﬁ?qepféwncoupm toethe nERsC &¥rfase afathe GEBICORBISHT bR okYSthe

i nvent i Ophagd@HdNEI BMSthS @&ﬁb&ﬂdﬁct&embﬂbs ah@riB@ides al &)Il%tibﬁrla y ti@Ys of
illustration_and not of limtation. ny substitutions, i fications,

addi ti on?cﬁ?WlW?é@rfF%ﬁ&@%mt%?seﬁ@ FHEECW t hi n the scope of the

invention W AQSHing 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
lremains coupled to the second substrate. According to another embodiment of the invention, a
method may comprise: 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 secgnd 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 comprise: locating a template within at least one

“of a first precursor layer that is coupled to a first substrate and a second precursbr layer that is
coupled to a second substrate; forming a composition layer; and moving the ﬁ_mt substrate

relative to the second substrate, wherein the composition layer




departing fromthe spirit thereof, and the invention i AtFEEEYAUNGsych
substitutions, nodifications, additions and/or rearrangenents. BRI EF
DESCRI PTI ON OF THE DRAW NGS The draw ngs acconpanyi ng and form ng part of
this specification are included to depict certain aspects of the
invention. A clearer conception of tge i nvention, and of the conponents
and operation of systens inplenmented“the invention, will become nore
readily apparent by referring to the exenplary, and t herefore nonlimting,
enbodi nents..il | ust in e dramn |.i ke reference numerals
oo gnar rii oSpled BMESeiePd siopfe AR i OB et BT A BehiBiTt Dod by

r ef er encencthod amg cdmptivs: @rovidiighe sefaciamvds ng Simiptiritg ovithim sit lean ond diha fitshe
descrlptlon gsen noted that . the feature

st ¢ @R TRREhEsATREE™ ol RS PR ot RS A SRS, s

| A-1 D i | kus tacardesubgfagirfrinihg %i cdepasiteindayef; aad sobige derfirg sﬁhisﬁﬁte$ﬁative tgr oduce a
conpositlon | ayer. substrate, r.epresenti.n

i nvent i oft F1% Subf'ﬁﬂﬁlﬂd\efell %’f P%{?ﬁomélgﬁr[ﬁfﬁrtr%a%g%?él%sé réfitsblﬁ%li?éeSS to

pr oduce Acédrﬁngtmsnnofharembbdment of lfheEiﬂVeﬂdrcﬁCiﬂapﬂﬂaiﬂﬂﬂ:hﬁﬁbnmmbs tarfiadt @older;

representin n _enbodi t nvent.i on |IIu t [ at

Cohemat i & Sal ToFEERRTD R ot o RhkRfentrih e s g Polge LA,

produce accGhdIBBier ymovedie ﬁrst}mldemeraﬂdaetomm&:dd halbexarahablemmbbmbdto ng an
enbodi nent. of .t iaventi 4A- 4B i | | ust schematic si de views of
an el ect st ey il EUbPR ool e SR el ied HiBeS SREPCeefe J0BF onan
eIectrodemmﬁﬂ&eﬁcsmh&pﬁ&h&dmnﬁmee&hmt|ng an enbodi nent of the invention.
FIGS. 5A-5B illustrate schematic side views of a tenplate utilizing process
to produce a CIGSS | ayer on an el ectrode coated substrate, representing an
enbodi mrent of the invention. 21 February 2006 -3a FIGS. 6A-6B illustrate
schematic side views of a surfactant utilizing process to produce a Cl GSS
| ayer on an el ectrode coated substrate, representing an enbodi mrent of the
invention. FIG 7 illustrates a schematic sectional view of a PV device

t hat i ncorporates an absorber layer forned on an el ectrode coated
substrate, representing an enbodi nent of the invention. 21 February 2006
WO 03/ 026024 PCT/ US02/ 29607 -4 FIG 8 illustrates a schematic el evati onal
view of a systemthat incorporates a plurality of PV




devi ces shown in FIG 7. FIGS. 9A-9B illustrate top anf! ERYHAT&d%ect i onal
vi ews, respectively, of a release |ayer coated tool, representing an

enbodi nrent of the invention. 5 FIG 10 illustrates a schematic vi ew of an
hexagonal array of rel ease |ayer coated tools, representing an enbodi nent
of the invention. FIG 11 iIIustrate§ a schematic cross view of a

manuf acturi ng systemthat includes a“rel ease |ayer coated rotating

- cylindri ecalsationbl, Ammh@telaidtlﬁeg ebodan@n df the flvertion tarbembdsm&mtrﬁa@n 10

DESCRI PTI ON. OF PREFER %@I&/EQE% ‘é‘g% [ nvent nd t he various features
and advaftAYESACTROY gy P AR ALCOR PR (B SRPEP of or ence
~to the noektintltdinga enibaibnlayat tBatisTatatadrctsertd ﬂﬁtf"ﬂmmeﬁcet thad toghesse@adpanyi ng

dr awi ngs nd detailed in the follow ng description. Descriptions of well
known st&‘l’r?l ﬁg materials, processing techniques, conponents and equi pnent
are onmitted s@has, aat other, Lnbediessardf|the abestivhewithee ibetwe nippetiated a8d det ai | .

et PSR S L SR s
i nvent i orgcompbenylfigvdrawinys. \ashoaltl Heldndﬁktbtﬁﬁ, |h0ﬂex@ﬂltyata]injfoﬂlo®1n@3descm@1wmf

limtation ous substitutions, ,nodifications and/ o
earr ang SR FEHRATOROR OB ReRT B GG Go8 auhERE REURARRIS ST nvent i ve
.concept W kiverbbég oy @pifiastiatidn bral hdvadeimsikatibh. eMam)n sdbl@[ﬁutamb mébdifieatiddsl, S

di scl osur 20 W.thin this lica nver al at.ions ar f erenced
by cuner aiiEe ARy FRmbaedy By SR P S ebio! BRak B kel
publ i cat ldélﬁﬁmgaﬁ'ohethfeowilﬁi #ierebt) eardn cheoinvediidn Sineladdsi alatsucin subshinmEionsat eI y

pr ecedi ng@%&e tcI ai H% The, . di scl osur es of all these publications in their
“entireti feaong SIfions AUUYTIELROETEAS: nor at ed by reference herein for the

pur pose of indicating the background of the invention and illustrating the
state of the art. 25 T |cat|on|s simlar to
U.S. Ser. No. 09/957, 1@1@€ﬁﬁ§§h‘§ﬁ&b&bﬁéﬁ%§ 001 (attorney docket no.
BELE: 002US) ; UhSdrabérgs ablompaSirgtand A0rmingd pdredl thix sp&ﬁ!ﬁﬁaém’bm’e iZyde@ @O 1

(o o e S s e B9 TRb X R iceGi AR LR g e O

09/ 957, 12&npdnkmesl alﬁhopeﬁ&m eﬂ’rdyetramﬁ ﬁnpléi‘ﬁ)éﬂﬂed(tm in@dfﬂtleiy, v dk@imenaore Hiatifly 005US) ;

o L R relpiep e caftlarf i QR S99 P moeRe b SRBEN 50 5001

(at t or neyhedhokiags, MEIehiHEkE r&@x%hlﬁ)nuniehﬁs émnighite tltemame riemen®. Bilel inedntivhi ch ar e

her eby C rat.ed b referenc in. for u ed. The
bl ou r oY b Bt up SRR PY FoGense o 5ok "Rt e g neh i RBIENRL! nc( or y
for the nurde@aﬁtsonfp@dssembd hbheni Ele:yoxﬂdl'ﬁemdﬁd&huiﬂ!i.fea'ﬁhes ithidrated intbedrawings of U. S.
Pat. Nos 392 45 | sen, et 35 al., issued July 12, 1983;

4,523, osiret“8“l\9f@?é’|% ﬁ“’“ tSc f . issued June 11, 1985 Re. 31.968 to 21
February 2006FIGAD: A3M0N6H2% s&@ﬁm 28GME a subigeneric process to produce a

composition layer on a substrate, representing an embodiment of the invention.

FIGS. 2A-2D illustrate schematic side views of a process to produce a CIS absorber
layer on an electrode coated substrate, representing an embodiment of the invention.

FIGS. 3A-3D illustrate schematic side views of a pressure containment utilizing
process to produce a CIGSS layer on an electrode coated substrate, representing an
embodiment of the invention.

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

FIGS. 5A-5B illustrate schematic side views of a template utilizing process to
produce a CIGSS layer on an electrode coated substrate, representing an embodiment of the

invention,




M ckel sen, et al., reissued August 13, 1985; 5,396, 83921 5ehiyam&006etr 4 . |

i ssued Cctober 18, 1994; 5,436,204 to Albin, et al., issued July 25, 1995;
5,441,897 to Noufi, et al., issued August 15, 1995; 5,567,469 to Wada,
et-al., issued Cctober 22, 1996; 5,578,503 to Karg, et al., issued Novenber
26, 1996; and 5,674,555 to Birkmre, et al., issued Cctober 7, 1997 are

hereby expressly incorporated by 5 reference herein for all purposes. In
- general, the context of the invention can include the fabrication of a
conp03|t|on I j (o) % | e ﬁbly,
wnieh may i n oy BB Sndia STk BT K U BRE: Wil PRERS
i nvent i ompratace 4 GEFSSdeyer be afl abctrcxdatcomd sybstates @mesmnnwmt cmbddms@t of theat i ng or
filmfor . aﬁ 4N, for exanple, a photovoltaic device and/or system The
cont ext o? & invention can also .10 include the fabrication of a
super conduct oFl§.aY diustratesat sehgmatic fectliomlf vewude PYi defioy thek ampperatenan
el ectroni e, ﬁla‘;ler%hﬁédco%' GG & ﬁo’ﬁ%ﬁ ﬁbsﬁé(étr%%ﬁle egngg Anb SRRl SPhyes the
problens I'n the “prior art approac |scuss y providing
precur sofinveptjosr s on di fferent surfaces which are then placed into contact
wi th one another. The precursor |ayers can then be interacted chemcally
and/ or physically to produce the conposition |layer. 15 The surfaces can be
defined by one or nore substrates and/or one or nore tools. The
substrate(s) and/or tool(s) can each define one, or nore than one, surface
onto which the precursor substance is deposited. The substrate(s) and/or
tool (s) can be conpliant, thereby inproving contact between the precursor
‘layers, inproving pressure control, structure transfer and/or surface
behavi or during interaction of the precursor layers. 20 Preferred
enbodi nents of the invention deposit two different precursor |ayers onto
two different substrates, or on a substrate and a tool, or even on two
different tools. The deposited precursor |ayers are then contacted
together. The contacted precursor- | ayers can then subsequently interact
under the influence of notion, heat, pressure, electrostatic fields,
(quasi)epitaxial forces, surfactants, magnetic fields and/or catal ysts. At
| east a part of one of the substrates can then be 25 nodified. The
conposition |ayer can rermain coupled to the other substrate. Mdifying can
include renoving, by etching and/or nechanical notion. It may be desirable
not to nodify a portion of the first substrate, for exanple not renove
that portion so that it remains on the conposition |layer. The surfaces can
then be noved relative to one another resulting in release of the unified
| ayer(s) fromone of the original surfaces and/or adhesion of the unified
layer(s) to only one of the original surfaces. 30 FIGS. | A-1D show a
sequence of process steps. In FIG 1A a first substrate 110 is coupled to
a release | ayer 120. The rel ease layer 120 is coupled to a first precursor
| ayer 130. A second substrate 140 is coupled to a second precursor |ayer
150. In FIG 1B, the first precursor layer 130 and the second precursor
| ayer 150 have been brought into contact so they can interact directly. The
contact is preferably intimate to establish and nmaintain a planar
interaction front. In FIG 1C, a conposition 35 |layer 160 has resulted from
the interaction. In FIG 1D, the first substrate 110 and the rel ease | ayer
ATTORNEY DOCKET NO
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thereof om il and defect distributions. These precursor structures

(e.qg., ayers%gare different fromthose previously described in the art

be2Ause t heyWithin thie sppdjinaion isevepshpublicationsaré wferehepisi upasseriphdusbie awherals. t he two

surfac eﬁulf Stalons ftgr%)else, and other, publications may be found at the end of the specification

immediately preceding the claims. The disclosures of all these publications in their entireties are

hereby expressly incorporated by reference herein for the purpose of mdwatmg the background of the
invention and illustrating the state of the art.

25 The specification of this application is similar to U.S. Ser. No. 09/957,132, filed on
September 20, 2001 (attorney docket no. HELE:002US); U.S. Ser. No. 09/957,207, filed on
September 20, 2001 (attorney docket no. HELE:003US); U.S. Ser. No. 09/957,050, filed on
September 20, 2001 (attorney docket no. HELE:004US); U.S. Ser. No. 09/957,123 filed on
September 20, 2001 (attorney docket no. HELE:005US); U.S. Ser. No. 09/957,125 filed on

30  September 20, 2001 (attorney docket no. HELE:006US); and U.S. Ser. No. $9/957,121 filed on
September 20, 2001 (attorney docket no: HELE:007US), the entire contents of all of which are hereby
expressly incorporated by reference herein for all purposed.

The below-referenced U.S, Patents disclose embodiments that were satisfactory for the
- purposes for which they are intended. The entire contents of U.S, Pat. Nos. 4,392,451 to Mickelsen, et
35 al., issued July 12, 1983; 4,523,051 to Mickelsen, et al., issued June 11, 1985; Re. 31,968 to
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25 modified. The composition layer can remain coupled to the other substrate. Modifying can include

removing, by etching and/or mechanical motion. It may be desirable not to modify a portion of the
first substrate, for example not remove that portion so that it remains on the composition layer. The

sutfaces 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 layen(s) to only one of the original surfaces.

30 FIGS. 1A-1D show a sequence of process steps. In FIG. 14, a first substrate 110 is coupled to

' a release layer 120. The release layer 120 is coupled to a first precursor layer 130. A second substrate
140 is coupled to a second precursor layer 150. In FIG. 1B, the first precursor layer 130 and the
second precursor layer 150 have been brought into contact so they can interact directly. The contact is
preferably intimate to establish and maintain a planar interaction front. In FIG. 1C, arcomposition

35 layer 160 has resulted from the interaction. In FIG. 1D, the first substrate 110 and the release layer
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temperature without melting the other. This enables a thin-film liquid-solid reaction process, which
can be controlled by the application of motion, heat, pressure, electrical bias, templates, and/or
surfactants between the compliant substrate and reusable tool fo yield layel:s, coating and/or films
with the desired composition (and gradients thereof), structure and defect distributions.

These precursor structures (e.g., layers) are different from those previously described in the
art because they are designed in pairs, one for deposition onto each of the two surfaces (e.g., tool
surface and substrate surfaces). The substrate upon which the unified composition iayer is formed by
30 the interaction of the pair of precursors can remain as part of an assembly containing the composition

layer.

The other substrate can be a reusable tool composed of, for example, silicon. The working
~ surface of the reusable tool can be coated with a release layer composed of, for example, calcium
- fluoride, strontium fluoride and/or their alloy (Ca,Sr)F,. Such a reusable tool can be used to apply
35 pressure, as a counter-electrode for electrical biasing, and/or as a crystallographic template to control
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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 restlted 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 exatnple, CIS films are formed by the deposition of binary copper monoselenide onto 2

molybdenum-coated substrate and indium sesquiselenide onto a calcium fluoride-coated siticon
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 in a large number of ways and
30 the optimal technique will depend on the details of the materials used for the various parts. If the

release layer is an electrically insulating material and the reusable tool conductive, the bias is

preferably applied between the electrode layer and the tool. The closer that the biased surfaces are

brought together the higher the electric field strength across the precursor layers during the synthesis

process for any given potential difference between those electrodes. In any case it is desirable that
35 there is at least one non-conducting layer separating the biased electrodes so that electrical current

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

D i tanca S A LR Lt s o




crystal I_?_g h| c f.r ont to whi ch the copper transporting! FE@ag*0Re i ndi um
sel eni dé& DRGKHINOAN "alternating field as well as a static field, or

conbi naHEbEﬂsBQ-NéQeof may be uw%ﬂ@w%@h&%%wﬁu - phyiars o By g s

modul ating a reversal of the fi Tion tra can be

controlled, optionally ina tine dom@in manner. 15 T'lhe I'nventi on can
i nclude the use of a structure transfer |ayer or substance. These structure’
transfer | ay'ETe(1$9 ofzanctlegirical bips betree(the upperrant dowee su’f!e@tﬁ deinreieating andhe

Le gp't gﬁfc o ,‘.%le&g&f’cah%a& %@Ibarof L&ﬁclm&@m' y gaﬁnﬁaw@f dnfe 01 her .

_ € can be use ans Met a- symre om - one I ayer to
anot heralwijserchienp birheive fincdietwse dlemceoepmrs &m willl syrve toaxmtfeethelanmaa‘rb corgact

struct U f{_lcrlp On&staﬁ?’ &%@&Ep%beﬁgedpé (ﬁila'o %e;i?l{ ﬁre &{mlzgﬁee | ayer,

the i nventron car ng a rela fenplate film
(e. :’gl t1tsem{m|elememhywnnse@leamqfeyectmstatm&eldéiee!ase Iayer The upper end of such
a relatively

Theaddi {1 ordeHedaRept e SenEE8 it PRLGR, BBhSeluofnt B 1 &
i ncor passed i thmefemdmnﬂmdlmﬁm foCIS sentimsis dur more sibile eormequienns.of ﬂihéact that their

tall |
Pt o arsermRiies ST il AR POl G| e o plkBindy 1 0, 12
of t lhattheﬁnxbives Ahacmecﬂmcwmylpmbdueu&gmmteSwMemgthginwﬁee betwdenni de
 eodeEBieatubRbe ey broBlrP el Toch el fies AEERAR hhid huenUElr eS| "0 1

|ng structure num and copper can
ZP) al | ayedion anthindieid mmya:mﬂi:mmhéﬂ@mmeaptamﬂxba&acmqn&m wiideislowed ins :
t

ucture. Gall nd tti

S e s
rgt olt lylﬁuxfeahﬂmﬁmm,cmddts fedngaﬁdaasme é},&iﬁeslamﬁml espdstiondgyeeby thisaiethodds sel en| de.

nd a of these c ounds the suf f.i
char acC&¥1EEY 0%?/' of‘g ec@ﬂ‘?‘%sr%o&( mgu ﬁao’l?g Subsg?t'atlﬁh le%? g’%ﬁnd%mg{lj at tice
][ aItShter pi‘d&?t@orﬁl @@%géu&adnts) , ald Q) thld e:astexfce af dt dnﬁstroge {@nizispecie thdtmﬂrmsporttomt ¢he
ront surface e en t el e | gyer and t r.e s to
Cr at e SFTSSHERGE P i e RS RTRCCRANR PePtien e pRERt i, Note ks,
\(I:\Ear ﬁC 'ftlﬁdoﬁteﬂ of bc)hdéﬂked dﬁ]s ]tcﬂaedallfaﬁﬁus thephtase ook Gpecichas ugediwpmﬁ isdefhedasi ce,

ich is the at, su r_and s eates a ver
hi ghl y 2B FRY which Grafmé‘?/’é‘ 1B TSGR © i #“ﬁhﬁe ‘Fn(Z%" ee\t/hee Fraree O act
as a 2$1eﬁﬁfsfauaﬁad2£ﬂﬁrmsea/ P4 (ikia1e6HH guBBA AR EAter; dmrmgmrqmemmnfaad/ox he
rowt h l%nd the restructuring of the underlying precursor |ayer onto the

t_ | afodulated dyrng e RERSUWnal st acking into the FCC stacking). A very
hi ghl'y or derrgge E@@e@ﬂpl@&v&l&@éﬁci mlmrmﬁmﬁbmm e wdiweontd thet op

- surface becones the | 0 A str
i npl enEAEHBIUEGLR: éb‘ﬁ?y B’Hleé L{E? ﬁagu‘[#é% a‘l%ssoq‘g%a roce#‘LTS %%S t he
f r g. ?g@éalbgla@udemtﬁ@feﬁ@trm@ﬁsm@ wmsmle dmlbmyfafoppermmsmpbsmomewesn rabl e
ut in_elenents at su ntia t di stri but
eact i Brfigbelecirogiatic figld even RSt ‘éf[rﬁefreﬁu?%%&gr 'i? p E‘E’Péftsou ata:faé% r# IgTe% i's
abym Ny oif thekinefasiby chaiging @&&elﬁmlah&hhhﬂtﬁate aphetrystBlogaghic lﬁgnf_abﬁmppm m

and selenide. This can be termed forward bias. The invention can include incorporating selenide into

" the lattice from the melt. But the selenide does not have a crystallographic guiding force or a

chemical guiding force to attach to that surface, unless one is also transporting copper into it. If the
selenide is allowed to attach faster than the copper, a phase transition would then occur that could

- 30 cause solidification within that liquid layer. Faster selenide attachment involves a shift over to the
side of the binary phase diagram where the dominant stable specie is di-copper selenide, 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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selenide sub-lattices. A potential problem is that the composition layer desired in the end may have a

different stacking structure. Aluminum and copper can be alloyed can be alloyed on the Group 1
sublattice sites in this structure. Gallium and germanium can be alloyed among the Group 3 lattice
sites. Sulfur and selenide can be alloyed on the Group 6 sites. The prototypical compound for these
30 examples is copper indium diselenide. And all of these compounds, if they have sufficient copper,
vﬁll be characterized by face centered cubic stacking of the selenide sublattice rather than hexagonal.
The idea of alloying Group 1 elements into the front surface (between the release layer and the
precursor bulk) is to create a part of that layer which will be transferred that is already characterized
by the desired FCC structure for the group 6 sublattice, which is the one that sulfur and selenide lie
35 on. If one creates a very highly ordered layer, even though that layer may be very thin, it will actasa
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The sodium may prevent the formation of local defects which can lead to an undesirable

crystallographic structure. The sodium tends to aggregate at the interface of the high copper region
30 and the high indium region. It can be desirable to alloy the sodivm during the deposition of the
indium selenide layer to have a substantial sodium content near the release layer. Ifa 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
indfum and the high copper, and retard the incorporation of copper except at that interface. This can
35 - involve forming a junction crystallographic region first, and then incorporating sodium behind that

region. Aluminum can be included in the region adjoining the release layer. The aluminum will be
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- sodium containing layer. Again, if the sodium concentration is too high, undesirable secondary

sodium containing phases may precipitate. Therefore, it may be desirable to control the float velocity
to prevent excessive sodium build-up or, alternatively, increase the sodium concentration if it is too
low. .
30 All of the techniques described in the preceding example of a preferred embodiment of an
" approach for CIS synthesis do not need to be used together in order to provide a superior alternative
 to existing approaches. For example, the precursors described above could both be deposited onto the’
- molybdenum surface and the calcium fluoride-coated silicon substrate coated with a very thin film of
CIS, CIGS, CIGSS, or ACIGSS before the assembly is brought together under pressure. In either
35 case, the use of calcium fluoride as an interlayer between the precursors and the silicon serves the
multiple functions of a release layer, a diffusion barrier to the thin film’s elemental components, a
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Another example of a partial implementation of the preceding example of a preferred CIS ‘

embodiment would be to use that same method but without an electrical bias between the substrate

and the tool. The pressure exerted between the precursbrs, the templates, the surfactant(s), the
25 magnetic field and/or catalyst(s) would still be sufficient to drive the interaction between the
Precursors.
Another example of a partial implementation of the preceding example of a preferred CIS
~ embodiment would be to omit the template. The pressure exerted between the precursors, the
electrostatic field, the surfactant(s), the magnetic field and/or catalyst(s) would stifl be sufficient to
30 - drive the interaction between the precursors. Many of the benefits described bere will still accrue in
the situation where no appropriate epitaxial dielectric is available. For example, a 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
- from the tool into the growing film.
35 Another example of a partial implementation of the preceding example of a preferred CIS
embodiment would be to omit the process facilitator (e.g., surfactant). The pressure exerted between
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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
compositional interfaces during the reaction between the fluid and solid phases created by melting of

one of the precursor layers after they are brought into contact with one another. Since the function of
surfactants occurs at the interface between the precursors and sublayers of different compositions,
30 - within those layers, the surfactant(s) may be initially distributed within one or both of the precursors
predominately at their respective free surfaces. Altematively, the surfactant(s) may be initially
‘distributed between the release layer and its coupled precursor 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 surface of
S35 the final reaction product film, in contrast to afl other reported methods. This can be an nnportant
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conﬁgurauon used to speed up the diffusion of copper. In FIG. 4B, a CIGSS absorber layer 460 is

shown coupled to a residual group 3 containing adhesion layer 465. There are no parentheticals in

25 FIG. 4B, since the interaction is complef:e 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.
Referring now to FIGS. 5A-5B, a tcmpiate can be located within the subassembly composed
by the reusable tool and the (In,Ga),(S,S¢),.y layer. This can be implemented by adding some of the
30  copper required to achieve the desired overall composition into the predominately (In,Ga)(S,Se)1.y
layer or a sublayer thereof. For example, 2 suplayer with an overall atomic ratio of copper to indium
plus gallium of about one-fifth (0.2 ~ [Cu)/([In}+[Ga])) to one-half may be added at the precursor’s
_ interface with the release layer, at that precursor’s free surface, or throughout its entire thickness.
| FIGS. 5A-5B show an example of locating multiple templates next to the precursors.
35 Referring to the upper subassembly of FIG. 5A, a reusable tool 510 is coated with a release layer 520.
As discussed above, when the release layer has a composition defining a crystalline structure that
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" two, or even one, of these layers. Of the three depicted sodium containing layers, the sodJum

- containing layers 627 is preferred since it may more predictably and controllably float down as .

diffused copper accumulates. The accurnulation 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 and a collection layer 685. The residual

aluminum copper saturated layer 675 corresponds to the 2luminum copper saturated layer 625. The

collection Jayer 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 precipimﬁon of secondary phases that contain
excess reactants. By precipitating these secondary phases, they can be irreversibly bound
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°f Zyk temperature. The higher sodium or potassium containing silicates melt at a lower melting point than

the lower sodium or potassium containing glasses. By coating a rigid substrate, an intimate contact
* between the two precursor layers can be facilitated. Without a compliant coating to facilitate intimate
contact waves, ripples, ridges and other kinds of surface features may prevent the two precursor layers
from coming into intimate contact with one another. Of course, the substrate does not have to be
30 compliant.

- The metal electrode preferably includes molybdenum metal, but may be a multilayered
structure including other metallic layers such as titanium. In this case, the titanium can be either
sandwiched between molybdenum layers as etch-stop layers or located at the back interface with the
compliant subsirate in o;’der to promote adhesion of the remainder of the electrode with the compliant

35 substrate,
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uniform composition at a given depth in the composition layer. The test for the presence of uniform
30 composition at a given depth in the compoéition layer can be carried out without mdue
experimentation by the use of a simple and conventional dynamic SIMS (secondary ion mass
spectroscopy) experiment. Among the other ways 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 uniform performance (e.g., electrical, photovoltaic,

35 chemical, efc.).
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25 made of a polymer (e.g., poly vinyl acetate block copolymer). The device can be coupled to a bus bar

(not shown).

An antireflection layer is not necessary with these materials. The buffer layer acts as an anti-
reflection coating. The stack of materials described has a graded index of refraction. The refractive
index drops from window to electrode. The refractive index of zinc oxide window is lower than the

- 30 index of the buffer which is lower than that of the absorber. In this way, the structure builds in an
- anti-reflection characteristic. A problem with anti-reflection coatings is, that the in these particular

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

Systems that Incorporate the Devices
35 Referring to FIG. §, the invention can include gystems that incorporate devices that include

the material layer(s). FIG. 8 depicts a mobile electric power generating sysiem. An amray of solar cells
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25 geometrical patterns which can be tiled by multiple applications of the tool(s) to cover substantially
all of the substrate’s surface (e.g., triangles, parallelagrams, etc.).
After the release layer 920 of the tool 910 has been coated with its appropriate precursor layer
it is placed in contact with the substrate that has been coated with the other reactant precursor. If the
“tool has been already been preheated to the desired reaction temperature, pressure should be applied
30 jmmediately. It may be preferable to preheat the tool and substrate to an initially lower temperature 50
that they may be brought into contact first and then rapidly heated while their contact pressure is

increased. The pressure can be increased by increasing a mechanically applied force and/or by

increasing an applied electrostatic field. The pressure can be similarly decreased.
: One of the potential problems with using calcium fluoride as a release layer is that the
- 35  material is mechanically soft. It may be desirable to, after transferring the product layer off of the
. release layer surface, recycle the releésg layer coated tool to a substantially higher temperature in
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. Referring to FIG. 10, an apparatus for implementing this process need not neceésarily handle
each tool as a separate entity. Tools may, for example, be placed together into an array on a larger
platen, which is then treated as a meta-tool in the same manner as described above. For this variation

30 of the apparatus design it may be preferable to.shape a plurality of individual tools as hexagon shaped
wafers, rather than providing 2 hexagonal relief on a round silicon wafer, to define the contact area
between the meta-tool and subsirate. Multiple step-and-repeat transfer steps might be required to

-, create a close-packed tiled atray of reactant product film areas over a large substrate, particularly if
the ganged-wafer tool is itself not a close-packed tiled array.
235 FIG. 10 depicts a tool-mounting platen 1010 used to gang together individual hexagonal
_ wafers 1020 (and half-wafers 1030). The platen 1010 can provide parallel electrical contacts to these
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of the silicon fools, rather than having to replace 21l the tools on the whole drum which might be

required if the drum is made of solid silicon. There are good mechanical reasons to use a bonding
alloy as well, such as thermal expansion considerations. Further, it may be more cost-effective to
meake the drum out of strips of silicon rather than a whole cylinder of silicon.

30 " T is desirable that the release layer stay on the tool when the composition layer is {ransferred
off the release layer. As noted above, the invention can include an optional adhesion layer between
the tool and the release layer. The release layer can be part of the tool and preferably remains part of
the tool after separation. Whether such an optional adhesion layer is needed depends on the material
used for the release layer and for the body of the tool. If the body of the tool, for example is silicon,

35 and the release layer, for example is calcium fluoride, there may be no need to introduce an adhesion

Tayer in between the two. The adhesion between those surfaces is by an epitaxial transition that
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The electrostatic field aspect of the invention can be carried out by using any voltage

f—|“'|

application technique. It is preferred that the voltage application technique be controllable over a
wide range of voltages, most preferably within a short time domain. However, the particular
technique used to apply the voltage is not essential to the invention as long as it generates the
30 described electrostatic field. The apparatus used to apply the voltage can be made of any electrically
conductive material. It is preferred that the electrically conductive material be heat resistant,
corrosion resistant and amenable to cleaning. However, the particular apparatus used to apply the
‘voliage 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. Tt is preferred that the process for applying the template be sputtering followed by
plasma discharge, particle deposition, physical vapor deposition and/or chemical vapor deposition.
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not necessarily directly, and not necessarily mechanically. The term approximately, as used herein, is

defined as at least close to a given value (e.g., preferably within 10% of, more preferably within 1%
- of, and most preferably within 0.1% of). The term substantially, as used herein, is defined as at least
approaching a given state (e.g., preferably within 10% of, more preferably within 1% of, and most
30 preferably within 0.1% of). The term deploying, as used herein, is defined as designing, building,
 shipping, installing and/or operating. The term means, as used herein, is defined as hardware,
firmware and/or software for achieving a result. The term program or phrase computer program, as
used herein, is defined as a sequence of instructions designed for execufion on a computer system. A
pfogram, or computer program, may include a subroutine, a function, a procedure, an object method,

35 -an object implementation, an executable application, an applet, a serviet, a source code, an object
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25 materials, but could be fabricated from virtually any suitable materials. Further, homologous

replacements may be substituted for the substances described herein. Further, variation may be made

in the steps or in the sequence of steps composing methods described herein.
Further, although the compositional layer described herein can be a separate module, it will
be manifest that the compositional layer may be integrated into the device and/or system with which it
30 - is associated (e.g., a photovoltaic 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.
1t will be manifest that various substitutions, modifications, additions and/or rearrangements
35 of the features of the invention may be made without deviating from the spirit and/or scope of the
- underlying inventive concept. It is deemed that the spirit and/or scope of the underlying inventive
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and/ or conbi ned |n vi rt ual %;con i guration. e’in |V|dua

conponeﬁ@§mﬁ§%ﬁmﬁG@Hﬁ@mﬁhﬁﬁ$@%f ¢¥@WﬁQﬂﬁ?Hﬂ@@@%ﬁﬁ@@ﬂ@@mﬁﬁﬁéwﬂﬁls but

coul d. bgybalbiagRhegt EbRaNd tht@fulMlepy suitable materials. Furt her
honnlogous repl acenents may be substituted for the substances descrlbed
herein. Further, variation - may be nmade in the steps or in the sequence of
st eps conposi ng net hods descri bed herein. Further, although the :
conpositional |ayer described herein can be a separate nodule, it will be
mani fest that the conpositional |ayer may be integrated into the device
and/or systemwith which it 30 is associated (e.g., a photovoltaic device
i ncl udi ng the conpositional |ayer as an absorber between an el ectrode and a
buffer layer). Furthernore, all- the disclosed el enents and features of each
di.scl osed enbodi ment can be conbined wth, or substituted for, the

di scl osed el enents and features of every other disclosed enbodi nent except
where such el enent's or features are nutually exclusive. It wll be manifest
that various substitutions, nodifications, additions and/or rearrangenents
35 of the features of the invention may be made w thout deviating fromthe
spirit and/or scope of the wunderlying inventive concept. It is deened that
the spirit and/or scope of the underlying inventive 21 February 2006 WD
03/ 026024 PCT/ US02/ 29607 - -26 concept as defined by the appended cl ai ns
and their equivalents cover all such substitutions, nodifications,
addi ti ons and/or rearrangenents. The appended- clains are not to be
interpreted as including neans-plus-function limtations, unless such a
limtation is explicitly recited in a given claimusing the phrase(s)
"means for" and/or "step for." Subgeneric enbodi nents of the invention are
del i neated by the appended independent clains and their equival ents.

Speci fic enbodi ments of the invention are differentiated by the appended
dependent clains and their equivalents. 21 February 2006 WD 03/026024

PCTI US02/ 29607
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35 1993. 21 February 2006 28 CLAI M5 1. An apparatus, cOhpPPEpRZ0R6

- sem conductor absorber |ayer defining a first surface and a second
surface; and an el ectrode |ayer coupled to the first surface of the

sem conduct or absorber |ayer; characterized in that the sem conductor
absorber layer includes a collection éayer that is located closer to the
first surface than to the second surf&ce. 2. The apparatus of claiml1,
wherein the collection layer is |ocated adjacent the first surface. 3. The
apparatus of any of the preceding &Lghﬁg, wherein the collection |ayer

i ncludes a sodiuminpurity contain yer. 4. The apparatus of claim 3,
wherein the sodiuminpurity containing |ayer includes sodium containing

ipitates.,5. Th tus of claimd4. wherein the sodi t ai ni
pr eci pi t 4t e MhoI B Nal G ERFT0gS. 2 TrEmSEAMPEY  EGe BT PHE ebeding

cl ai ms, \fimemaface ddde se@hd ecfacgn | ayer 1 ncludes a copper inpurity containing
| ayer. 7. The_ap tus.of clai erein e co r inpurity containing
ayer i mol udcBeo BBt e Sl B A e p b0 R fiear SRR Her ol A m
7, wherein thehacopps ic dat e sénficongdiicda apédrisd &5ed inclhded @ cQlE2Gen laPar thihe
apparatu%lqgtgny of, %hg re eqiag ﬁ%@ins ]%@erein t he sem conduct or

absor ber ©* P& FI08H & B 85 SuBEeParto theSerrd I™S%| eni um  10. The apparatus of
claim9, wherein the sem conductor absorber |ayer includes alum num
gal l'i um gnd | phur.. 21 February 2006 11. .The apparatuys. of.. any of the
recedi ng <l of 6o SPgiReoh L LuAesuR: SPIEHUbrRer o) RR PHef s o
resi dual tHednpkafaee. 12. The apparatus of claim 11, wherein the residual
tenplate is |ocated closer to tthe second surface than to the first

surface. 13. The apparatus of any of the preceding clains, further
conpri si Ag a Treoagpathtusi of anpdifeticopretedingr clhinsatve@relie tthwe eolldctien 4@l conduct or

absorber .| ayer and the .electr.o | ayer. 14. The apparatus of any of the
precedinﬁwgﬁgﬁ' éwPﬁppﬁg C%%W%ﬁ?%?ﬁg a substrate

4. The apparatus of claim 3, wherein the sodium impurity containing layer includes

sodium containing precipitates.

5. The apparatus of claim 4, wherein the sodium containing precipitates include
NaInSe;. |
6. The apparatus of any of the preceding claims, wherein the collection layer

includes a copper impurity containing layer.

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

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

9. The apparatus of any of the preceding claims, wherein the semiconductor absorber

layer includes copper, indium and selenium.

'10.  The apparatus of claim 9, wherein the semiconductor absorber layer

includes aluminum, gallium and sulphur.




coupled to the el ectrode layer and a diffusion barri er2 E§paygO8fed

bet ween the sem conductor absorber |ayer and the substrate. 15. The
apparatus of any of the preceding clains, further conprising a buffer |ayer
coupled to the second surface of the sem conductor absorber |ayer, 16. The
apparatus of claim 15, further conprbging a w ndow | ayer coupled to the
buffer | ayer.

: 11.  The apparatus of any of the preceding claims, wherein the semiconductor absorber

layer includes a residual template.

12.  The apparatus of claim 11, wherein the residual template is located closer to the

second surface than to the first surface.

13.  The apparatus of any of the preceding claims, further comprising a group 3 rich
‘adhesion layer located between the semiconductor absorber layer and the

electrode layer.

14,  The apparatus of any of the preceding claims, further comprising a substrate
coupled to the velectrode layer and a diffusion barrier layer located

between the semiconductor absorber layer and the substrate.

15.  The apparatus of any of the preceding claims, further comprising a buffer layer

coupled to the second surface of the semiconductor absorber layer,

16.  The apparatus of claim 15, further comprising a window layer coupled to the
buffer layer.




