21 February 2006 WO 03/ 026024 PCT/ US02/ 29607 -1 - DESCH P§PERVE®FovoLTAI C
DEVI CES &R g%p@ | TIONS FOR USE THEREI N BACKGROUND OF ON 1.
Field of thg nvgt ion 5 The invention rel ates generall y;F‘gm'ltSEL\e/ l'el d of
materials. More particularly, the inveption relates to a conposition,
apparatus and/ or photovoltaic device that includes a collection |ayer. The
coll ection |ayer can include unde%ﬁ TR erials such as excess
precursor(s), secondary phase prem%: i mpurities, residue and/or
debris and its function can be to sequester these undesirable wmaterials in
a safe | ocation aREPTOVEHREHEVIVES 48011 COMPOSEIIONA FORIGSE BHEREBM conduct or
junction 10 regions. The invention thus relates to conpositions, apparatus
and/ or devices that can b @,@3@ Q?CTV‘E esence of a collection

| ayer. 2. Discussion of tﬁ%Aggﬁﬁte A??%%Eb etﬁgygﬁof met hods have been
used for the synthesis of films (coatings) conposed of materials fromthe
Cl'S (copper indi uFistd effhedayenfient eri al system and rel ated al l oys, but each of

thes 15 previrgbisviRioh AidesHRSeraR s &_@E@!ﬁi&fxﬁ&ﬁaﬁ.'ﬁ&m%&rﬁ&uﬁaﬂ/ﬂﬁé mvédtiehi cability
to the econom cal manufacture of filnms with_ pr oPer I

\ i erties suitable for
appl i catdlaies i 8 coprasivpappassiLand/genoteyeliaic dvice et Helgdes ¢ spilestien leystyThedeyi ces.

PV devi eQfctidiel 8anBhel@R uh §RIrabBRBREME subllAlexsthSReditsaNk)IR8oribty iphedeent | y | ong
mnority carrier lifetinmes to enable the collection of the.mnority

carri er Brepipitatese ingusifies; Baide quf/of drbrigiand ipdunction Ganp iR ssquelpt these indericblssi ve
recombi ARLHAA in d R fAblaties chStive1Yi6S Toadtidnd BubiPdsisbicGR¥uEb:Sindtoh €1 | MBS
are 20 dependent on the defect structure of those materjals. The control of
deflBct Heonst Thednyeation thys telates fosowprsitions appasays pd/maricstibatear B PV devi ces.
Si m | ar kpyardcRei-Sedyand predehdett W collefionNhy@P - t enper ature  super conduct ors,

el ectrol um nescent .p%o_sphors ]grgg other (opto-)electronic materials control
the physical proPé?"E‘ﬁ”@&"fW%ge 8ftnine their efficacy for their respective

i nt ended useg pidhlirh of théthHd R Bive®odn (RBERE 118 kM iRES of Bk (RBRIEE dofiPbssidAN t hi ck
filmabsorbers or coatings 25 because they require smal | er ampunt of the

. 25 . Y, a
pr ecur sBRcRals pmdhieClS{eepperindiym sslenide) prterid sysiaryand relped aljoys. bat sagholdhe ¢ hi n
filig8 WhichioB@Rbthad!ngs GHafabelistibs QR BSir %ﬁliﬁb%ﬂ%@oﬂ&?hﬁiﬂdﬁﬁgopy the
net hod éé%ﬁ which they are synthesized. Early efforts _to fabricate thin film
Cl'S Pv Hbus wEsprepesiics uifapledorsaplicatEon te pRigelsriepis fevices-sugins #hetpwiais (Y Yhe

const i t 4&Res GLIRHESreGRRAA optida WbkatBer 1D SlssHbABARMSRAB, 168 mMBFidy carrier
successful. The first "efficient thin filmC S PV devices were achi eved by a

t wo- st efifcmetosaable;he colgetion of thg mippribheardcay vt Flegtrodrsdn e Graee GITUeWEs | ayer s

onto a ﬁ;lithéitEﬁe&i@&e&&hﬂﬁaﬁ&ﬂlﬁ%ﬂi%&:ﬁfc@ndu@t@ﬁhat&!iélihﬁndﬂtﬁrfc&ﬁ@ﬂtfetﬁﬁﬁm&si tion.
These |l ayers reacted and interm xed tQ yield a nomnally uniform
S't

corflosi fensrdent oyt driet structies of thosraptaals. + Hhecrieod of defeqintimptuisiy @icplio fhe) s

Wi th degjccabhemaRFRake SPIWEN1EELSidfiarly ¥aibRbtisitur®bf Hifi-Gmpatked have been -

denonstrat ed, based on_different tenperatures, r}urrbe_r s of,
superconductors, electroluminescent phosphors, and other (apto-)electronic materials control the

physical properties that determine ﬂleir;__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




| ayers, and conpositions thereof.1' 6. Cther fundamentaPl {ebiuarye08ht
approaches have been described 21 February 2006 -2- that rely on, for
exanple: (1) heating stacked |ayers of the netals (e.g., copper, indium and
gal lium and sel enide that have been sequentially deposited at | ow
tenperatures"', (2) thermal reaction of netallic |ayer precursors in

hydr ogen sel eni del0' 11 or sel eni de V‘épor 12, (3) thermal reaction of oxide
parti cul @fa€rePf SE YSSREMPIEXY HAtih@NEkSd Blerl bfhe ARSIt Wofiser, idiuA RBd (4)
thermal reactiaon of binary (Cu, Se) and (In, Se)l precur sor. | a{er sl1l4,15. An
econoni c&Mliypkand sdemidsthyt heverbgen yegesntially depostier a4 1y tempergipirep he@dthe®iot s of non-
st oi chi opREtdnCof MétallicNAfey peOIRRLMTSdREANRIchide PO bR seRinlde GhBIT] (8) the@nal AW

mat eri al s and he rapi é,St%or | ow cost), but must be flexible to enable

control BRROT gEide prtieilqte PRHI08 MK [9YsE o Bieh fngiratises s edfdhibemahone of

t he nmet hedstidnldbs biAGyRCE,9¢) 28d Lin,BEPréctRoARyepM . Mal conbi nation of these
features. Heretofore, the requirenents of efficient raw nateri al

utilization, AP S5PReorchPrecstsi foh the geripgtagadi thing Hiomos! Bt #8068 of def ect

properti esichiemetit @elttrarydMpSurd @ & & boRC&NcibMly! e PRI mate¥iddndivs rapeded is a
solution that sipmultaneously addresses all_ of these requirenents. SUWARY

OF THE | NOERTIceR): PPt bsllebietopnpily canfral of dhe dsdctiruetitss ok fer higk  cour se,

t he i nvepédmaics. WéHe df itidl h@Bbds i tHe RIS L e FROME BE BhtEmal AEBISHADiRsa fir st
aspect ot the invention, there is provided an apparatus, conprising a

seni condfféUEF absor ber | ayer defining a first surface and a second surface;

and an el ect HeRRfdraWRE regRitiMAR JrQffid@t tw mhteSslMiifieRioR] rapid EaiRARImONduUct or
absor ber Iati%rh;ﬂ_é fhar acterized in that, the sem conductor absorber |ayer
FHEE

i ncl udes? qr gpfipizatiop of fefect propertigigemer fo|aBQvsrhaygngt heenrtpliemets yr f ace

than to thetis aeantis 8 slh@mehat AafQidbiigy daredids ANGARHsERAbir@entshe 1 nvention, a
nmet hod may conprise: exerting a pressure between a first precursor |ayer

that is coupled to a first substrate and a second precursor |ayer that is

coupled to a second subst ratgmary OF TgEaNeeresit i on layer; and noving the
first substrate relatjve to the second substrate, wherejn_the _conposition

| ayer remai H§rCisapeekfor e deflowingeaphydigispis: Phgourse.Abe Bventing i ot imdther

enbodi meptth&E etib®lithéivent i on, a nethod may conprise: applying an
el ectrostatic field acrog,ls a first gre,cur_sor | ayer that is coupled to a

first substraf€osie & Selbhdspsrkofthoinveningy theggds providst pite dPRIEY: second

subst r at gsmpris@i A sBficAnda@BPMBbrbérQil et adiBiing 226k siENdeRdd b B&ohd SbbcSURBL rat e
‘relative to the second substrate, wherein the conposition |ayer renains

coupl ed b HeEodseleyiidcdnlsd Paihe. fita swfage i the ssAECRIClor APBIBTNIBIAS of t he

i nvent i OpharsdtcARINACGhATBYe CQRBSIdeRor h1R6BE Aferand@lR|adddBeMioh NhyRr Mat ieast one
of a first precursor layer that is coupled to a first substrate and a

second plogtet Qer P rdistisigice then todbRred sH28 second ‘substrate; forming a
conposi ti on A@yRling BN& MD6UIREnt BE k| iheehtiSl RShéBE®Emay 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




relative to the second substrate, wherein the conposit#bRePaaer2098 February
2006 - 2a renmains coupled to the second substrate. According to another
enbodi ment of the invention, a nethod may conprise: providing a surfactant
as an inpurity within at |east one of a first precursor layer that is
coupled to a first substrate and a second precursor |ayer that is coupled
to a second substrate; formng a coﬁg%éition | ayer; and noving the first
substrate relative to the second substrate, wherein the conposition |ayer

remai ns coupl ed to, the second substrate.. According to ot.her.. enbodi ment
o e R Suh b sRERR Dbt e roaBg PRl BBy i et oong
hol der caitfod dndyaotripsse ipreidinpod elefaptast dsiapnkiageritg orifireat Ieat bikeoff 4 fist hol der

and the _secon e.first .hol de relatﬁve .the second

e sorg hIQ tlhqelg (;[uol Vg t{] bst
hol der; B FELEaBI T ddf 8858‘? LS TSR P PEOIABICREIOT 1Y H O S RHHFE ¢ ool
i ncl udi ngp asacandssabistjatt foeminga updsition;layer dndmoeing drdirktayiestrate ¢dlatfkeesdl t o t he

rai sed patterned,surface of .the 21 February .2006 -3- reusabl e tool.
hccor di e SR SRER Heth e Atmron B ORI Spied i bR ISER Pty
conpr i seAceordiogpessthérambbdiyent of eeiimichiipnaarf dpp&htus b § ecdgpriand fizst daldend

f , .th it I inel udi. | |.ect] | t [
ocat ed 8150 085 FupR o LB b fAted PR CEUbR A B e cse, and
ot her, erdzont midet & mdvetiteelirstrivkiat felativaib e sb@nt bbliaT a &pablecicht@pled nd

under st oqd n,consi der in conj.uncti.on with fhe follow description
and the. M AATBIEE T AGHaE, L SAMREE Y il aFerSan® Bt I  hat “The
f ol | ow ngoupled ¢o thptaised pattentet ke facaalithat | Nng vari ous enbodi nents of the

i nvention and nunmerous specific details thereof, is given by way of
illustration and not of limtation. Many substitutions, nodifications,
addi ti ons and/or rearrangenents nmay be made within the scope of the

i nvention without departing fromthe spirit thereof, and the invention

i ncludes all such substitutions, nodifications, additions and/or
rearrangenents. BRI EF DESCRI PTI ON' OF THE DRAW NGS The draw ngs acconpanyi ng
and formng part of this specification are included to depict certain
aspects of the invention. A clearer conception of the invention, and of the

conponents and operation of systems inplenented the invention, will becone
nore readily apparent by referring to the exenplary, and therefore
nonlimting, enbodinents illustrated in the draw ngs, wherein |ike

reference nuneral s designate the sane el enents. The invention my be
better understood by reference to one or nore of these drawings in
conbination with the description presented herein. It should be noted that
the features illustrated in the drawings are not necessarily drawn to

scal e.




FIGS. IA-1Dillustrate schematic side views of a subgeRbFFRUBYE08Es o
produce a conposition |layer on a substrate, representing an enbodi nent of
the invention. FIGS. 2A-2D illustrate schematic side views of a process to
produce a CI' S absorber [|ayer on an el ectrode coated substrate,
representing an enbodi nrent of the inyention. FIGS. 3A-3D illustrate
schematic side views of a pressure containnment utilizing process to

- produce asusitlsSboll Aysidifyto aibtidr embddatent 6DxaE ileBiohStdombesitichemiyesent i ng an

enbodi ment _of the invention, FIGS..4A-4B il]ustrate schenmatic.side views of
an el ect FERPLE; TOPPEYIOT feyer F%J‘:’Hﬁ a}ﬂ'r‘gé'é‘g ca ‘Jo"1 Sﬁ?"d@ﬁ‘é‘éﬁ%t BB "RPer on an

- el ect r odéayeniatledingabmlettivh ayer tbf iciseindd chgeras the il slirfiledithaioto thesecondnvent i on.

Fl GS. 5A—€r§ illustrate schematic side views of a tenplate utilizing process
to prodi¥&% CIGSS | ayer on an el ectrode coated substrate, representing an
enbodi ment - of Thise, andvthat, i edibodighdntb-elf rthid inyveRQD6wiBhe besD. apprleifiBd iahd ustr at e
schematic_side views of . urfactant. utilizin raocess to. pro e a CIGSS
Tayer onaferrods sPeR souddd i dpupraes. b e Sl BetBibartelit of the
~i nvent i oaccolmbfaying driklvingd Maghesld beambasadd, hoseet,i ttmahe foilewingfdesripfibndevi ce

t hat i ncorpor tets an . abs rcger tI a%gr.fortrred ph an el eckr odge.lcglate

" substrat &, ?é‘%f"éé’@n‘faflﬂ‘ﬁe OBREYY PHERIVETUOR AR MR BR CPBH S FEE ary 2006
WD 03/ 0260 giderPGY /MdS0A] ilGH@iTon anll fdtGf 18nitatibhi st abstituttmbemedificatiedsevat i onal
view of a,system.that incorporates a plurality of PV. devices sho in FIG
7 F G, MR T b Seraentln ni &R BB e SisliePisngh s eI uBBELt i vel .

of a rel dgamaingafiein theostikid tHemeof, , ande fitee f@aittion ginalnded mhilb diucte Btibsdfutibdse

i nvention, % Ftl G é%t'i | | u(gt rates a schematic view of an hexagonal array of
rel ease PR{IFARO8%ARGHQNS GRUOT RAEHERSt i ng an enbodi ment of the inventi on.
FIG 11 illustrates a schematic cross view of a manufacturing systemthat
includes a release la ti i ical tool, representing an
enbodi nent of the i nvemﬁgﬁ%gﬂmIW&%RRED ‘EMBODI MENTS The

i nventi on andThédrawaips acdmipesingrad famdngparact hiepodficdasmd Sndived eof are
expl ai ne re fully with reference, to the nonlimting enbodi ts that
orb P11 e s U b REEROR 1 SRS T PR B £ of 1 owi ng
descri pt c@fponEs aid @iciatins ofddystemd impiananred Shaint-éntign, el detoddesnorp k@adds Si ng

apparent by refen’ing'to the exemplary, and therefore nonlimiting, embodiments illustrated in
the drawings, wherein like reference numerals designate the same elements. The invention
may be better understood by reference to one or more of these drawings in combination with
the description presented herein. It should be noted that the features illustrated in the drawings
are not necessarily drawn to scale.

| FIGS. 1A-1D illustrate schematic side views of a subgeneric 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,




t echni ques, conponents and equi pment are omitted so as?h6eP@YAfEcessarily

obscure the invention in 15 detail. It should be understood, however, that
the detail ed description and the specific exanples, while indicating
preferred enbodi nents of the invention, are given by way of illustration

only and not by way of limtation. Various substitutions, nodifications,
addi tions and/or rearrangenents within the spirit and/or scope of the
~underlying inventive concept will becone apparent to those skilled in the
art fromthi LS O . Within.thi. Li i 2y er i cations
are refer enceg:ngii'i g%g%ﬁgggrtﬁa%tSc%ngab%fc%}r?m%‘?sgﬁgé Sﬁﬁ%“{taﬁlp@?%% gllr?g fgglr) t hese,
and ot hemprodochd CHIRS layes omay elseirdde gerfedagubstiate, eprbsanfing hreerslpdondnt ofthe on
i mredi at el y breceding the claims. The disclosures of all these publications
intheir entireties are hereby expressly incorporated by reference herein
for the purpod¥G.of iliuwiditesat sehgmatirescbiamilgviownd aoPV tdedce thay entrpomtes gl

illustratj f_t pfleatio . t N plication
s o | ariip B R ! RIS confpd sINBRESIChAR BBl Br BT |2
(att or neynwigiittet no. HELE: 002US); U.S. Ser. No. 09/957,207, filed on

Sept enber 20, 2001 (attorney docket no. HELE: 003US); U.S. Ser. No.

09/ 957,050, filed on Septenber 20, 2001 (attorney docket no. HELE: 004US);
U S Ser. No. 09/957,123 filed on Septenber 20, 2001 (attorney docket no.
HELE: 005US); U.S. Ser. No. 09/957,125 filed on 30 Septenber 20, 2001
(attorney docket no. HELE: 006US); and U.S. Ser. No. 09/957,121 filed on
Sept enber 20, 2001 (attorney docket no: HELE: 007US), the entire contents of
‘all of which are hereby expressly incorporated by reference herein for al
pur posed. The bel owreferenced U S. Patents di scl ose enbodi nents that were
satisfactory for the purposes for which they are intended. The entire
contents of U S. Pat. Nos. 4,392,451 to Mckelsen, et 35 al., issued July
12, 1983; 4,523,051 to Mckelsen, et al., issued June 11, 1985; Re. 31, 968
to 21 February 2006. WD 03/ 026024 PCT/ US02/ 29607 -5 M ckel sen, et al.,
rei ssued August 13, 1985; 5,396,839 to Tuttle, et al., issued October 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
Oct ober 22, 1996; 5,578,503 to Karg, et al., issued Novenber 26; 1996; and
5,674,555 to Birkmre, et al., issued October 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 conposition

| ayer, coating or filmthat may be used in a subassenbly, which may
in-turn be used in a larger assenbly. The context of the invention can
dinclude the fabrication of a sem conductor |ayer, coating or filmfor wuse
in, for exanple, a photovoltaic device and/or system The context of the

i nvention can also 10 include the fabrication of a superconductor |ayer,
coating or filmfor use in, for exanple, an electronic or electrical
devi ce and/ or system




The invention sol ves the problems in the prior art appfbEEHERYFOR ussed
above by_praoyiding precursor |layers on different surfac | e then -
pl aced i toogzzﬁg%'lzﬁct wi th one another. The precursor Iaygﬁgwgbfzgfﬁen be

i nteracted chem cally and/ or physi cal I4y to produce the conposition |ayer.
15 The surfaces can be defined by one or nore substrates and/or one or nore

tools. Th rat d/.or. t ool fi , . th

one. ~sur f acetbhb SRS SREHAHT BETIGHT VEUGLE SREE L mgBgner e B Y |

subst r adee{csy stawd irFIGt ol (s) can be conpliant, thereby inproving contact
bet th ! ' ' I t t
Craneter andrBi: TP dut b R PR oR PP CRP B RS BLE T sor

-l ayer s. coafed Ricd k@i¢sesting &b extlbotirnérs obihe tnlventionvent i on deposit two different

pregursor | io nto,two . di .feren{;aln ubstrgtes ,.On. a su te and a

st.r
toof, or eveflr o o APEERYC VREP RO %?@%ms%Pg%ﬁ?%%éktO@%yers are
t hen cofb@sdneap imgdblietent oflite inenti@ct ed precursor |ayers can then
subsequently_ | ct under the influence o t r re,
el ectrost at | EI(‘%‘ ?Lﬁ%@atte(g&ﬁg@f’? O eExI A rc'é%?h% S%%%F‘ %ﬁ’t‘l‘s’l}“%ﬁggﬁ%ﬁfc
fiel ds hpdicosedratadhg/slindricAl todlo@prescatigpantembbdioie ofthetiventimbst r at es can t hen
. be 25 nodified. The conposition |ayer can remain coupled to the other
substrate. Mdifying can include renoving, by etching and/or nechani cal

nmolon. It ‘may be desiDERCRIPTIN OF PRESERRER BB QDIMENKS t he first
substrate, for exanple not renove that portion so that it remains on the

conposition er . T . ' not her
Fosulting | niiarsaicn e ol o AR ool Bits RleBE rk Bkl iind T
surf ac e’fuﬂa mt?mferenbla ésthe nordimitingembodifrientd tHabare illastiataddn the bgcompanyiiz drétvéngls .
original_.s . - - QP- @r n

1A, a f?nrdsdl[é{alslgdﬁlgt%}eﬁo %F%Apl?g%%eg %rﬁ Oz%ggﬁg)ases a él% Qﬁ?%%’. th£fc‘f%:gsﬁnrgel ease

| ayer 1R€hnigies; oomppoaehnts andaqhipment aprosgtiedso s o jasunng@eparily obscutsrite ipvinsion it e
140Qci s uy ' L, : [

or 02 ur <SP 3flod o SEGBRE 1RSI HREHhe LMED sdifuichBn T el ctelrcs e 1
i Nt o coitlizatingpeeferted gmbadiments eff theinvetition et gjven B way of il lagdrationsonlyand met tan | y
intimate t o..es | ks | Qs B ' ks |G 1C,
= conpodt TS Y3 3R Bh:RlR oA lculof SHaRE Kl w5 |

t he fi rsiritsuidst scagef fe0mderlyinghevendtesaswspt will becon® FORNEY oiBEKEkIlleddn the arts  VET
21 Febrhl&Lszé}Qc%s 20 have been noved away fromthe conposition |ayer 160

whi ch remains on the second substrate 140. The invention can include the
f oRfrat i on of Withinghik egplicasion lsevprat publicatiops axé refeadsiced Yyoupareedipbanebie gwmerglhe

COMPOST flyPlloli B ¥ A0 ARGk R RGO AHRIA L Eind & of TR Splie@hd,On OF Lhe
yer away roma rtree surrace 1o € conposition
‘1 ayer lid@nedlintelppreceding theciaimn {The digdores pf allihese nyidisationsin tReentipties are
hereby expressly incorporated by reference herein for the purpose of indicating the background of the
invention and illusirating 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 1.8, 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




function of the collection layer 170 can be to sequest%T FebryayiZog8| e

mat eri al ferably in a safe location. The collection_|ayer 170 (which
can al so gﬁlsﬁ’%ﬁr"ﬁ%d a collection zone) can be positioned Pg%mfﬂr]’i’g

sensitive device |ocations such as semi conductor regions. The collection
| ayer can include wundesirable materi such as excess precursor(s),

ol oot MRy £ e 1 9P 5 Eun e i B BP0 B

can be 5dsd wattedlanadl 415, iseked Jalg LE,199% ¢ 444,891 0 Namfignhl., umed(mgus;tas,slp% hat

I ncor po he nmpo itio 1 ect| n make a
ot or my TE AR TSPVl Pl fooSh QB Poli0Es S g5 Rk EEst B issieiordiir el

i nf ri ngesst fid 5967&4'5 Rt Bitkvert ¢t@h, issatdDdtotet ¥, 1085 yte hdrbiey dxpteadlwintirporatbdbmeen
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surfactants, magnetic fields and/or catalysts. At least a part of one of the substra‘_ces can then be

:

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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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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- CORGUCT LuRLddnR eltbRSie'285. The molybdenum electrode 245 is coupled to a copper selenide precursor

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 éxample, 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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dendritic structures during the reaction. The eleciric field applied can be from approximately 0.03

volts/micron to approximately 3.5 volts/micron, preferably from approximately 0.3 volts/micron to
approximately 1.0 volts/micron. It can be appreciated that the electric field can generate 2 significant

force between the first precursor and the second precursor, thereby adding to pressure that is
otherwise exerted mechanically. Further, the overall pressure can be confrolled (e.g., modulated)
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.
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electrostatic field can be reversed. As an initial configuration parameter, during the interaction and/or

20  modulated during the interaction.
There can be explosive kinetics involved. The electrostatic field can be used fo control the

. reaction trajectory. It may be desirable to reverse the field in different parts of the process. Itis
possible to use the reverse bias to slow down the diffusion of copper. Itis also possible to reverse an
initial electrostatic field over part of the reaction cycle, to force copper out at a faster rate, thereby

changing the kinetics by changing the relative attachment rate to the crystallographic front, of copper

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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25 the film. But it is always irrespective of that ratio characterized by a hexagonal stacking of the

selenide sub-lattices. A potential problem is that the composition layer desired in the end may have a
different stacking structure. Aluminum and ct)pper 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,
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 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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materials). The surfactant lowers surface tension. The surfactant can improve diffusion rates, improve

the crystallographic structure, defect properties and/or planarity.
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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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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' 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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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 all other reported methods. This can be an impoftant '
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: layer 4c§18 bcie gdvantageous 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 template 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 suBlayer with an overall atomic ratio of copper to indium
plus gallium of about one-fifth (0.2 = [Cu]/(fIn]+[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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surtac Iggrgr sﬁgagge?xllb?jlr gfq:'lé}aé/f, ra%or\xll\fnﬁag_ sr&bs%'%g/é% is coated with an electrode layer 645. A
Cu,Se,.x precursor layer 650 is coupled to 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
" two, 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 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 precipitation of secondary phases that contain
excess reactants. By precipitating these secondary phases, they can be irreversibly 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 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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25 electrode. With a polyimide surface it might be necessary to use titanium as a barrier and/or adhesion

layer. Titanium is an effective adhesion layer in layered systems.

While not being limited to any particular performance indicator or diagnostic identifier,
preferred embodiments of the invention can be identiﬁcd one at a time by testing for the presence of
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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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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pa%ern is only one example. Better performance for PV applications can be achieved by using
25 geomeuical 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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rai sed surfaie of thlgllager 920 defines the area of contact of the tool,
SN - Referring to FIG. 10, an apparatus for implementing this process need not necessarily 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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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
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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25 comprising (i.e., open language). The term coupled, as used herein, is defined as cormected, although

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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separa treeplg,cecgn%gtggn%y 2 3ibistitted FoF 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




may be present in selenide. The termtool, as used her&! FePMEVFIPned as a
_.Substratg, | hgqﬂ d for re-use or multiple use. The terns or_an, as used
her ei n, ¥%fed as one or nore than one. The term aRSFﬂ@P”mﬁ§7used
herein, is defined as at |east a secQpg or nore. The termplurality, as
used herein, is defined as two or nore than two. The terns including

and/ or - payl d5Phle B olefsGndl ki @M&:x B [ , open

| anguage) . I#%%m%%?n1cou§§£§# gg usevﬁ1eg I'n éé & |neg§g§@ggﬁﬁected
aIthougﬁw¢ﬁeﬂkm%é@§@aﬁﬁwymﬁﬁm@mﬁm?msand not necessarlly mechani cal ly. The
ter m appr oxi @ﬁéﬁp&de@am% REhDE ﬂ]terbr%tedqg{nblﬁﬁgg Aarlppd %@Porpﬂlﬂﬁaﬂoﬁso a

gi ven val ue g preferably with nor e pr nin 1% of,
~and noskolpE éwcéra initation s xplictly 1evitestin 2 given claim vﬁlrmb%mlwﬂshimeyns g€’ apd/led
hersi.n, «hsh Biof SubehetS eitbodifidlor ARAIRAGA AlInGhet e 18:BhEclfindipendtie! 7 81 Y

within 10% of, nore preferably 30 preferably within

0. 1% of Yleinsigad fheir ﬁwm%mﬁmlﬁc a@bqﬁgréﬁltmrﬂaq 1nvent1§1 ﬂ@dﬂﬂ@@n@ bydkd gni ng,

bui | di Ngypesdaia RBcRGent LiRRsahd iBPeARMleRE. OPerating. The term neans, as used
herein, i's defined as hardware,” firmvare and/ or software for achleV|ng a

result. The term program or phrase conmputer program as used herein, is
defined as a sequence of instructions designed for execution on a conputer
system A program or conputer program nmay include a subroutine, a
function, a procedure, an object nethod, 35 an object inplenentation, an
execut abl e application, an applet, a servlet, a source code, an object
ATTORNEY DOCKET NO. HELE1130 -WO -25 21 February 2006 code, a shared

| i brary/dynamic load |library and/ or other sequence of instructions designed
for execution on a conputer system Advantages of the Invention Coating or
filmsynthesis representing an enbodi nent of the invention, can be cost
effecti ve and advant ageous 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

t he di scl osed enbodi nents of the invention disclosed herein can be nmade and
used wi t hout undue experinentation in light of the disclosure. The
invention is not limted by theoretical statements recited herein.

Al t hough the best nbde of carrying out the invention contenplated by the
inventor is disclosed, practice of the invention is not |imted thereto.
Accordingly, it will be 20 appreciated by those skilled in the art that the
invention may be practiced otherwise than as specifically described
herei n. The individual conponents need not be fornmed in the disclosed
shapes, or conbined in .the disclosed configurations, but could be provided
invirtually any shapes, and/or conbined in virtually any configuration.
Further, the indi-vidual conponents need not be fabricated fromthe »
di scl osed 25 materials, but could be fabricated fromvirtually any suitable
materials. Further, honol ogous. replacenments nmay be substituted for the
subst ances descri bed herein. Further, variation may be made
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char act ef zed HorPPRARS O o SbHEPE USSPy |cyfamng oy el

col | ect i eslidnagemtairtidpgyirecipitates.ocat ed cl oser to the first surface than to the
second surface.

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.




2. The apparatus of claim1, wherein the collection |agtFebryayz086ed

adj acent the first surface. 3. The apparatus of any of the preceding
clainms, wherein the collection layer includes a sodiuminpurity containing
| ayer. 4. The apparatus of claim3, wherein the sodiuminpurity containing
| ayer includes sodium containing prggipitates. 5. The apparatus of claim
4, wherein the sodiumcontaining prec¢rpitates include NalnSe2. 6. The
appar at ugiof @hyapphratus@f phiye oLt Peecedind EBims\MIBEEInNhd Sethicalilcas tabsiibar ayer

i ncl udes .a co roi rity .containing |layer. 7. The apparatus of claim®6,
wher ei n éﬁﬁf%@ggﬁﬁfﬁ_ t?Igli;at‘é'ontaining | ayer includes copper containing
precipitates. 8. The apparatus of claim7, wherein the copper containing

precipitates include Cu2Se. . The. appar s, of any of th recedi ng
Cl i e, fer offF PHRBSBS coirad: ShoRBaDF Berest wpee K drmet TeloBele | ndi um
and sel erecsnd sulfice thiteto dpfastatatee.of cl aim 9, wherein the sem conduct or
absorber layer includes alum num galliumand sul phur. 21 February 2006 29
11. The apparatus of any of the preceding clains, wherein the sem conduct or
absor ber 13] ay®he appatatidast ady rof Shedpiateding ngMims, efurthe?. compasiap p afi@ipus rioh cl ai m
11, wherei,n the residual .t |late i s | ocated closer . to the second surface
than to PHESPR, sl?yegug?cﬁgg. %fng‘feeﬁ‘héﬂeapﬁeé?lﬁ ety %ﬁ?}rb?ff {aﬁeé gc ddf ng
cl ai ms, felectrddenayeonpri sing a group 3 rich adhesion |ayer | ocated between
t he sem conduct or absorber |ayer and the electrode |ayer. 14. The
apparatus of any of the preceding clains, further conprising a substrate
coupl ed t14. t hEheehpatanadel bay ef thnGre@eding fclasrhy Nfuhiled: r dodtpribiAy @r subseaé ed
bet ween thels nicoq;uct?r %5305ber | ayer agﬁﬁ%he S bstra&g. 13; I?e
appar at uSoB*hny° of °f he® FHeFediNE cPaf msd 8, e8P i g LB fer | ayer
coupl ed beawesehsenicaddstor bsothedlhydr A thesibeaneluct or absor ber | ayer, 16. The
apparatus of claim 15, further conprising a wi ndow | ayer coupled to the
buffer | ayer. :

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.






